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ALENDAR. See C vli- sd., 
wVLl'NDS. SecCALrEDE 
IVv. .Ij (Dr. John), an eminent matlicrnalician 
:,'l '’ophci, wab boin at lAlinhiu'rli m 1671, and 
'.il 1. 'I.c univeifity of that <-ity. His ^-enius 
;i hiii to the mathematic b, he made a p^rcat j)ro- 
. . iia'lci i^'vid Gre^-ory tlic ptofeflbi there, wlio 
' ' > "i tlie I il tliat had embraced and publicly 
ii^ht the ]\(> wtoniaii philofopliy. In 1694 Jic fol- 
lowed Ins tutor to Oxfoid, vvheic, bcin^ admitted of 
lhahol C< llc^;;'", he obtained one of the Scotch exhibi- 
tixni'i in that eolh^a*. It is faid he was tin lirlf who 
t'i'iyht NAw ton’s principles by tlic cxpciimcnts on 
v.huli tlicy ate foimded ; and tills it feems he diil by 
an apparatus of inlliuments of bus own providing ; liy 
Vviiicli means be actpiiied a jjreat reputation in the nni. 
yeility. The firll. jiublic fpecimen lie gave of bis Ikill 
in m.itheinatical and philofoiihical kuowIcd;;c', was his 
h.Xi.mitiiUion tj Dr. liunie/'^i ^I’hcory oj the Kai ih ; 'utlh 
Rcrudrls on Mr , IVhjIfjn's Aenu Dhrury ; w hie h appeared 
ill ibgH, i hcle theories w ci e defended I)) theii lefpec- 
ti\c autliois ; whicfi diew fiom him, in 1^99, An Ex‘ 
iimltuiiion of the Rifh chons on tJ'c 7 hoy of the Enrth^ 
to;!;cther with A Df nre of the Remads on Mr. 
ton\ Ac< 7 o Jhtory. Dr. Burnet wau a man of ['^reat liu- 
inanily, moderation, and candour; and it wahlliertfoie 
luj’tpoied that Keill had tieated him too rouphly, con- 
iideiing the great difparity of years lictw^en them. 
Kcill koweve'r left the docTor in pofl'dlion of chat wliich 
has linee been thought the great eharadteriilic and ex- 
celhaiee of his w’ork ; and though he difelaimcd him as 
a philofophtr, yet allowed him to be a maxi of a fine 
VoL. JI, 


imaginaf ion. ‘‘Perhip.*, hy<? he, many of his rcndeii 
Will be luny to be imdceencd about his theoiy ; for, a» 
I bclit VC novel any book w is fuller of millakes and er- 
101s in philofopliy, fo non.* ever ahouiided with more 
beaiuilul feenes and Impiillng Images of Hatinci Bui 
I wiltc only to ihofe who might expc'cl to find a true 
philofopliy in i( ; they who read it as an iugiuious lu- 
inancc, will Hill he plcafed with their entertainment.” 

The year following-, Dr. Millington, xSedIcian pro- 
feffor of natural philofopliy in Oxford, who had hceii 
apjK^inted phyheian to king William, fiibllilulcd Kcill 
as his deputy, to read the ledures in the piihlic fehooL 
Tin;, office he difcliarged with great icpntation ; and, 
tlm teim of enjoying the' Scotch exliibition at Baliol- 
collcgc now cxpii mg, he accepted an invitation from 
Dr. Aldrich, dean of Chrill-chnreh, to I elide theie. 

In 1701, he pnblifhtd his celebrated treatife, intitled, 
IntroducUu ad Veram Rhyficam^ whieli is fnppoled to be 
the bed and moil nf' ful of all bis perforniaiifx'e. The 
firll edition of this book contained only fourteen lec- 
tures; but to the fccorid, in 1705, he added two more. 
This work was clrfe-rvcdly ellcemed, both at home and 
abroad, as the b.dl inti odm^t ion to the Piim ipia,oi ih * 
new mechanical pliiltTophy, and was lepnnted in dif- 
ferent places; alio a newv edition in Englifh w as pi intc d 
at London in i ,36, at tlie inlLanec of M. ManpciLm.i, 
•who wa. then in England. 

Being made Pdlow of the Royal Society, he pnb- 
lijlud, in the- Philof. 'Prarif. lyoS, a paper on the Laws 
of Attiacfion, and its phyfical jjiimiples: and being 
offended at a pallage in the Atia Rrnduotum of J.- ipfu.* 
where Newtoa’s claim to the liiit iavciitioa of the mc- 
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tliod of Fluxions was called in qucftlon, he warmly vin- 
dicated that claim againll Lcibnitx. In I709hewent 
to Ncw-England as treafurcr of the Palatines; and foon 
after his return in 1 710, he was chofen Savilian profefTor 
of aftjonomy at Oxford. Tn 171 1, being attacked by 
Leibnitz, he entered the lifts with that mathematician, 
in the difpute concerning the invention of Fluxions. 
Leibnitz vrrote a letter to Di, Hans Sloane, then fecre- 
tary to the Royal Sociily, icquiiing Kcill, in effed, to 
make him falisfa^lion for the injury he had done him In 
his paper relating to the paftage in the ACla Eruditorum: 
he protefted, that he was far fiom aflTuming to himlelf 
Newton’s method of Fluxions ; and therefore defired 
that Keill might he oI)lI|;ed to retract his falfe afteition. 
On the other hand, Keill defired that he might be per- 
mitted to juftify what he had afterted. He made his de- 
fence to the approbation of Newton, and other members 
of the Society. A copy of this was fent to Leibnitz ; 
who, in a fecond letter, remonftrated ftill more loudly 
agaliift Kelli’s want of candour and fincerity ; adding, 
that it was not fit for one of his age and experience to 
engage In a difputc with an upftart, who a6hed without 
any authority from Newton, and defiring that the Royal 
Society would enjoin him filcnco. Upon this, a f])ecial 
committee was appointed ; who, after examining the 
fads, concluded their report with reckoning Mr. 
Newton tfie inventor of Fluxions ; and that Mr. Keill, 
in afli^'ting tlie fame, hud been noways injurious to Mr. 
Leibnitz.” ddie whole proceedings upon thi;> matter 
may be feen in Collins’s Commerctum Ei'ijlohcuui, with 
many valuable papers of Newton, Leibnit/, Oiegory, 
and other matliematieiaus. In the mean time Keill 
behaved himfelf with great firmnefs and fpirit ; wduch 
he alfo ftrewed afterwards in a Latin epiftle, written in 
1740, to Bernoulli, ni.ilhemutical profelfor at Bafil, on 
account of the fame ufage (hewn to Newton : in the 
title-page of which he put tlie arms of Scotland, viz, a 
ThitUe, with this motto, 'Nnno me impunc lacejJU, 

About the year lyn, feveial objedions being urged 
againft Newton’s pliilofophy, in fiipport of Des Cartes’s 
notions of a plenum, Keill publdhed a paper in the 
Philof. Tranf, on the Rarity of Matter, and the Tenuity 
of its Compofulon. But while he was engaged in this 
difputc, queen Anne wms plcafeil to appoint him lier 
Decipherer ; and he continued in that |;lace under king 
George tlie Fiift till the year 1716. 1 he imiverlity of 

Oxford conferred on him the degree of M D. in 1713; 
and, two years after, he publiftied an edition of Com- 
rnandinc’fl Euclid, with additions of his owm. In 1718 
he publiftied his Jntroduii'to ad Vtram AJironomum : 
whlcli was afterwards, at the requeft of the duchefs of* 
Chandos, tranftated by himfelf into Englifli ; and, with 
feveral emendations, publiftied in 1721, under the title 
of An htrodu^ion to True Ajlronomy^ &c. This was his 
laft gift to the public ; being this fummer feized with a 
violent fever, which terminated his life Sept, i, in the 
50th year of his age. 

Plis papers In the Philof. Tranf, above alluded to, are 
contained in volumes 26 and 29. 

Kr iLt (Dr, yaines)j an eminent phyfician and philo- 
fopher, and younger brother of Dr, John Kcill above 
mcntion«d, was alfo born in Scotland, In 1673. Having 
travelled abroad, on his return he read leisures on Ana- 
tomy with grtat applaufc in the univerfitiei of Oxford 


and Caiftbtidge, by the latter of which he had the de- 
girec ofM. I). conferred upon him* In 1703 he fettled 
at Northampton as a phyficiun, where he died of a 
cancer in tlie mouth in 1719. His publications are 

1. All Englifti iiauflation of Lemery’s Chemillry. 

2. On Animal Scciction, the quantity of Blood in 
the Human Body, and on Mufcular Motion. 

3. A treat ife on ^Vnatomv. 

4. Several pieces in the Philof. Tranf. volumes 25 
and 30. 

KEPLER (John), a very eminent aftronomer and 
mathematician, war. born at Wiel, in the county of 
Wlrtemberg, in 1571. He was the difciple of M.eft- 
linus, a ler.iiu'd inathcmatleian and aftronomer, of whom 
lie leained thole fcitnces, and became afterwards profef- 
for of them to three fiiccefiive emperors, viz. Matthias, 
Rudolphus, and Ferdinand the 2d, 

To this fagaeious phllofophcr wt owe the firft difeo- 
very of the great laws of the planetary motions, viz, 
that the planets deferibe areas tliat arc always propor- 
tion.il to the times ; that they move in elliptical orbits, 
having the fun in one focus ; and that the fquarcs of 
their periodic times, arc proportional to the cubes of 
their mean diftances ; which arc now generally known 
by the name of KepK i’s Laws. But as this great man 
ftands as it were at the he id of the modern lefonned 
aftronomy, he is higldy defeiving of a pretty large ac- 
count, which we fliall cxtiai^t chiefly from the words of 
that great niatliematician Mr. Maclaurin, 

Kepler haj a particular palfion for finding analogies 
and harmonies lu nature, after the manner of the Pytha- 
goreans and Platoniils ; and to this difpofition w’e owe 
fucli \ahiablc dikoveiies, as are more than fufllcient to 
exeufe his conceits. Tliice things, he tells us, he anx- 
loufly fought to find out the realbii of, fiom his early 
youth ; viz, Why the planets were f) in number f Why 
the dimenlions of ihcir orbits were fuch as Copernicus 
had deferibed from obfervations ? And w'hat was the 
analogy or law of their revolutions ? He fought for 
the reuloiis of the tw'O firft of thefe, in the properties of 
numbers and plane figures, without fuccefs. But at 
length reflediiig, that while the plane regular figures 
may be infinite in number, the regular Ibhds are only 
five, as Euclid had long ago demouftrated ; he Ima- 
gined, that certain myfterics in natuie might correfpond 
with this remaikablc limitation inherent in the eflTcnccs 
of things ; and the rather, as he found that the Pytha- 
goreans had made great life of thofe five regular folida in 
their p]»iK)fophy. He therefore endeavoured to find forne 
relation between the dimenfions of thefe follds and the 
intervals of the planetaiy fphercs ; thus, imagining that 
a cube, inferibed in the fpliere of Saturn, w^nild touch' 
by its fix planes the fphere of Jupiter; and that the 
other four regular folids in like manner fitted the inter- 
vals that are betw’cen the fphercs ol the other planets: 
he became perfuaded that this was the true realon why 
the primary planets were preclfely fix in number, and 
that the author of the world had determined their dif- 
lanccs from the fun, the centre of the fyftem, from a 
leganl to this analog. Being thus poATefled, as he 
thought, of the grand fecrct of the Pythagoreans, and 
greatly pleafed with his difeovery, he publiftied It in 
1 5 96, under the title of Jldj^erium Cofmographicum ; 
and was for fome time fo charmed with it, that he laid 
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lie would not give up the honour of having invented day wlien he found that “ The fqiiarea of the periodic 
what was contained in that book, for the eleftorate of times were always in tlie fame proportion as ihc cube# 
Saxony, of their mean dillances from the fun/' 

Kepler fent a copy of tills book to Tycho Bi‘ahe, When Kepler faw’, according to better obfcrvaiions, 
who did not approve of thofc ablfrad fpeculations con- that his difpofition of the five regular foHds among the 
ceming the fyflem of the worlJ, but wrote to Kepler, planetary fpheres, was not agreeable to tlic intervals be^ 
firll to lay a folid foundation in ohfervations, and then, tween their orbits, he endeavoured to difeover other 


by afeending fiom them, to endeavour to come at the 
caufes of things. Tycho however, plcnfcJ with his ge- 
nius, vv’as vei-y defirous of having Kepler with liim to 
aflift him in his labouts: and lia\ing lettlcd, under the 
protc(^^ion of the emperor, in Bol'cmia, where he palTed 
the lad years of his life, after having left his native 
oountry on fome ill ufage, he prevailed upon Kepler to 
leave the umveTfity of Giat?, and innovc into Bohemia, 
with his family and library, in the year 1600. But 
Tycho dying the next year, the arranging the ohfer- 
vations devolved upon Kepler, and fiom that time he 
had the title of Matlicmatician to the Kinpcior all his 
life, find gained continually more and more reputation 
by his works. The emperor KudoIj)li ordered him to 
finllli the tables of Tycho Brahe, winch were to he called 
the RudoJphine ^Tables, Kepler applied diligently to the 
work: but unhappy are thofc learned menWho depend 
upon the good-humour of the intendants of the finances ; 
the treafurers w'crc fo ill-nde6tcd towaids our author, 
that he could not publilh thefe tables till 1627. He 
died at Ratlfbon, in 1630, where he w'as follclling the 
payment of the ai rears of his penfion, 

Kepler made many important difcovcrics from Ty- 
cho’s obfervations, as w’cll as his own. Me found, that 
aftronomers had erred, from the firll rife of the fcience, 
in aferibing always circular 01 bit 9 and uniform motions 
to the planets; that, on the contiaiy, each of them 
moves in an ellipfis which has one of its foci in the fun : 
that the motion of each is really unequable, and varies 
fo, that a ray fuppofed to be always drawn fiom the 
planet to the fun deferibes equal areas in equal limes. 

It W'as fome years later before he difcoveicd the ana* 
logy there is betw'cen thcdillanees of the fcvcial planets 
from the fun, and the periods in wliich tliey complete 
their revolutions. He ealily faw^, that the higher pla- 
nets not only moved in greater circles, but alfo more 
(lowly than the nearer ones ; fo that, on a double ac- 
count, their periodic limes were greater. , Saturn, for 
example, revolves at the dillance from the fun 9^ times 
greater than the caith’s dillance from it; and the circle 
deferibed by Saturn is in the fame proportion : but as 
the earth revolves in one year, fo, if their vclocitits wire 
equal, Saturn ought to revolve in 9 yeais and a lialf ; 
whereas the periodic time of Saturn Is about 29 years. 
The periodic times of the planets inn eafe, thticfore, in 
a greater proportion than their difiaiicts from the fun : 
but yet not in fo great a propot tion as the fquarcs of 
tbofe dillances ; for if that were the law of the motions, 
(the fquare of 9^ being 90^), the periodic time of Sa- 
turn ought to be above 90 years. A mean pioportion 
between that of the diilances of the planets, and that t»f 
the fquares of thofe diilances, is the true proportion of 
the periodic times; as the mean between 9I and its 
fi^nare 90I, gives the periodic time of Saturn in yeais. 
Kepler, after liaving committed feveral miflakes in de- 
termining this analogy, hit upon it at lall, May the 
1618 ; for he is fo particular as to mentiou the prccifi: 


fehemes of harmony. For this purpofc, he compared 
the motions of the fame planet at its greateft and lead 
diilances, and of the different planets in their feveral or- 
bits, as they w'ould appear viewed fiom the fun; and 
here he fancied that be found a fimilitnde to the divi- 
fions of the oftavc in mufic. Thefe wxre the dreams of 
this ingenious man, which he was fo fond of, that, hear- 
ing ,)f thedifeovery of four new planets (the fatcllitesof 
Jupiter) by Galileo, he owns that his firft reflexions 
were from a concern how he could fave his favourite 
iclieme, which was threatened by tliis addition to the 
number of the planets. The fame attachment led him 
into a wrong judgment concerning the fpherc of the 
fixed liars : for being obliged, Ivy his doXrinc, to allow 
a vail fuperlorlty to the fun in the univerfc, he rcftiaini 
the fixed liars within very naiiovv limits. Nor did he 
Conlider them as funs, placed in the centres of their fc- 
veial fyllems, having planets revolving round them ; aa 
the other follow'crs of Coptrnicus have concluded them 
to be, fiom their having light in tbcmfclvcs, from their 
immenfc diilances, and from the analogy of nature Not 
contented with thefe harmonies, w'hich he had learned 
from the obfervations of Tycho, he gave himfelf the K- 
beity to imagine feveral other analogies, that have no 
foundation in nature, and .nrc overthrown by the bcH 
obfervations. Thus from the opinions of Kepler, though 
moll juflly admired, we arc taught the danger of cfpouf- 
ing piinciples, or hypothefes, borrowed from abllraX 
feicncis, and of applying them, with fuch freedom, to 
iiatinal enquiries. 

A more rccciii inllance of this fondnefs, for difeover- 
ing analogies between matters of abllraX fpcculation, 
and thecoiillitution of nature, we find in Huygens, one 
ot the grcatcll geometricians anti allronomers any age 
has pioduccd : when he bad diCeovered that fiitcllite of 
Saturn, wlilch from him is ftill called the Huygenlail 
fatellitc, this, with our moon, and the four fatcllites of 
Jupiter, completed the number of fix fecondary planets 
tlu n difeovered in the fyllem ; and breaufe the number 
of primary planets was alfo fix, and this number is called 
by inaihcmatieiansa perfeX number (being equal to the 
liim of its aliquot parts, i, 2, 3,) Huygens was Iicncc 
induced to believe that the number of the planets was 
complete, and that it was in vain to look for any more. 
This is not mentioned to Iclfen the credit of this great 
man, who never perhaps reafoned in fuch a manner on 
any other occafion ; but only to fliew, by another in- 
llancc, how ill-grounded rcafonliigs of this kind have 
alw'ays proved. For, not long after, the celebrated 
Calfini difeovered four more fatcllitea about Saturn, not 
to mention the two more that have lately been difeovered 
to that planet by I)r. Herfchcl, with another new pri- 
mary planet and its two fatellitts, befidcs many others, 
of both foils, as yet unknown, which polTibly may be- 
long to our fylltm. The fame Caflini having found that 
the analf»gy, difeovered bv Kepler, betwean the periodic 
timea and the diilances from the centre, takes in 
B 2 the 
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the ledcr fyfiemi of Jupiter nod Satum» at well as lu the 
great folar fyilcm $ his obfervations overturned that 
groundlefi analogy which had beta imagined between 
tne niimbw of the planets, both primary and fecotidary, 
. gad the number fix ; but eftabliflied, at the fame time, 
that harmony in their motions, which will afterwards 
•ppear to flow from one real principle extended over 
the univerfe* 

But to return to Kepler ; his great fagacity, and con- 
tinual mediiatinns on the planetary motions, fuggefied 
to him fome views of the true principles from which 
thefe motions flow. In his preface to the Commentaries 
concerning the planet Maib, he fpeuks of gravity as of a 
power that was mutual between bodies, and tells us, that 
the earth and moon tend towards each otlier, and w^ould 
meet in a point, fo many times nearer to the earth than 
to the moon, as the eartli is greater than the moon, if 
their motions did not hinder it. He adds, that the 
tides arife from the gravity of the waters towards the 
moon. But not having notions fufliciently juft of the 
laws of motion, it feems he was not able to make the 
beft ufe of thefe thoughts ; por does it appear that he 
adhered to them IleadiTy, fince in his Epitome of Aftro- 
nomy, pabliftied many years after, he propofes a piiyfi- 
cal account of the planetary notions, derived from dif 
ferent principles. 

He fuppofee, in that tieatife, that the motion of the 
fun ot! his axis, is preferved by fome inherent vital prin- 
ciple ; that a certain virtue, or immatcii d image of the 
fun, is diifufcd with his rays into the ambient fpaccs, 

» »nd, revolving with the body of the fun on his axis, 
takes hold ot the planets, and carries them along with 
it in the fame direftion ; like as a K)jdftone turned 
round near a magnetic needle, makes it turn round at 
the fame time. The planet, according to him, by its 
inertia, endeavours to continue iu its place, and the 
adi(jn of the fun's image and this inertia arc in a perpe- 
tual ftruggle. He adds, that this adion of the fun, like 
his light, decreafes as the dillancc incivafcs ; and there- 
fore moves the fame planet with greater celerity when 
nearer the fun, than at a greater dtftance. To account 
for the planet’s approachuig towards the fun as it de- 
feends from tlie aphelion to the perihelion, and receding 
from the Am wliile it afeends to the aphelion again, he 
Aippofes that the fun attrails one part of each planet, 
and repels the oppofite part j and that the part attrafted 
is turned towards the fun in the defeent, and tlic other 
towards the inn in the afeent. By A»ppofitions of this 
kind, he cndcavmircd to account for all the other va- 
»ctic«l of the celeftial motions. 

But, now that the laws of motion are better known 
than in Kepler’s time, it is cafy to fliew the fallacy of 
every jpart of this account of the planetary motions. 
The planet does not endcavpur to flop in confequence 
of its inertia, but to perfevere in its motion in a right 
line. ^ An attradlive force makes it defeend from the 
aphelion to the perihelion in a cuivc concave towards 
the fun i but the repelling foice, which he fuppofed to 
begin at the perihelion, would caufe it to akend in a 
figure convex towards the fun. There will be occafion 
to Ihew afterwards, from Sir Ifaac Newton, how an at- 
mdion or gravitation towards the fun, alone produces 
the effeds, which, according' to Kepler, required both 
an i^radive and repelling force j and that th$ virtue 
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which he aferibed to the fun’s image, propagated int^ 
the planetary regions, is unDece,irary, as it could be of 
no ufe for this effed, thoiigh it were admitted. For 
now his own prophecy, with which he concludes his 
book, is verified; where he tells us, that “thedifeovery 
of fncli things was referved for the fncceeditig ages, ‘ 
when the author of nature would be pleafed to reveal 
thefe myfteries.*^ 

The works of this celebrated author are many and 
valuable; as, 

1. His Coftnographieal Hjiflery^ In 1596. 

2. Optical /fjirofiomy fin 1604. 

3. Accovnt of a New Star in Sagittarius, 1605. 

4. New AJlronomy; or, Celejlial P/jyfes, in Commen* 
taries on the planet iVlars. 

5. Differtations i with the Nmcks Siderius of Galileo, 
1610. 

6. New Gauging of Wine Cajhsy i6i^. Said to be 
written on occafion of an erroneous meafurement of 
the wine at his marriage by the revenue olhcer, 

7. New Tlphemcrides, from 1617 to 1620. 

8. Copernkan Syfiem, three firll books of the, i 6 i 9 . 

9. ' Harmony of )he World; and three books of Cornels, 
1619. 

10. Ctfingraphual Myflery^ ad edit, with Notes, 
1^21. 

11. Copernkan AfiVonomy \ the three laft books, 
1622. 

12. Logarithms, lf'24; and the in 1625. 

13* His AJlrotiomiciil 'Tables, called the Rudolphitie 

Tables, in honour of the emperor RudolphuS;, his great 
and learned patron, in 1C27, 

14, Epitome of the Coper nican AJlronomy, 1635. 

Btfidc thefe, he wrote fcvcial pieces on various other 
branches, as Chronology, Geometry of Solids, T rigonometry,. 
and an excellent trcaiife of Dioptrics, for that time. 

K1PL1.R s Laws, arc tliofc laws of the planetary 
motions difeovered by Kepler. Thefe difeoveries in 
the mundane fyftem, are commonly accoimtcd two, 
vi'2. I ft, 'rhat the planets deferibe about the fun, areas 
that are proportional to the times in which they aie dc- 
feribed, namely, by a line conneding the fun and pla- 
net ; and 2d, That tlic fquarcs of the times of revolu- 
tion, are as the cubes of the mean diftances of the pla- 
nets from tlie fun. Kepler difeovered alfo that the orbits 
of the planets are elliptical. 

Thefe difeoveries of Kepler, however, were only 
found out by many trials, in fearching among a great 
number of aftvonomical obfervations and revolutions, 
what rules and laws were found to obtain. On the 
other hand, Newton hasdemohftrated, a priori, all thefe- 
laws, fhewing that they muft obtain in the mundane 
fyflcm, from the laws of gravitation and centripetal 
force ; viz, the firft of thefe laws refulting from a 
centripetal force urging the planets towards the fun, 
and the 2d, from the centripetal force being in an in- 
verfe ratio of the fquare of the diftance. And the el- 
liptic form of the orbits, from a projedile force regu- 
lated by a centripetal one. ° 

Kepler’s Problem, is the determining the.true from 
the mean anomaly of a planet, or the determining its. 
place, in its elliptic orbit, anfwcring to any grvea 
ti^me ; and' fo named from the celebrated allronomer 
Kepler, who firft propofed it. See Anomaly. 

The 
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Thr general flate. of the problem Is this; To find 
' thejJbfition ofaiight line, which, paffing through one 
of the fod of an dUpfis,, (hall cut oft an area which (hall 

in any given proportion to the whole area of the tU 
lipfia; which rcfults from this property, that fuch a 
Jinc fweepa areas that are proportional to the ^imes. 

^ Many folutions have been given of this problem, fome 
direct and geometrical, others not: viz, by Kepler, 
Bulliald, Ward, Newton, Kelli, Maehlu, &c. Sec New* 
ton’s Princip. hh. i. prop, Kelli’s Aftron. Le<Sl;. 
23, Philof. Tranf. abr. vol. 8. pa. 73,,Stc. 

In- the lad oFthefc places, Mr. Machln obferves, that 
many attempts have. been made at dlftereut times, but 
with no great fuccefa, towards the folutiou of the pro- 
blem propofed by Kepler : To divide the area of a fe- 
midiclc into given parts, by a line drawm from a given 
point in the diameter, in order to find an univerfal rule 
for the motion of a body in ati elliptic orbit. For 
among the fcveral methods offered, fome are only true 
in. fpeculation, but arc reallyvof no fervice ; others are 
not different , from his own, whidi he judged impro- 
per, And as to tire reft, they are all fo limited and 
confined to particular conditions and circumftances, as 
liill to leave the problem in general untouched. Tp be^ 
more particular ; it is evident, that all conftruftions by' 
mechanical curves are feeming iolunous only, but in re- 
ality unapplicable ; that the roots of infinite ferieg are, 
on account of their known limitations in all refpeiffa, fo 
far from being fuffieient rules, that they ferve for little 
more than cxcrclfcs in a method of calculation. And 
then, as to the univerfal method, which proceeds by 
a continued correlation of the enors of a ialfc pofition, 
it is no method of folution at all in Itfelf ; becaufe, un- 
lefs there he fome antecedent rule or hypothefiato begin 
the opeiation (as fuppofe that of an uniform motion 
about the upper focus, for the orbit of a planet ; or 
that of a motion in a parabola for the peiihelion part 
of the 01 bit of a comet, or fome other fuch), it w’^ould 
be iinpoftiblc to proceed one ftep in it. But as no ge- 
neral 1 iile has ever yet been laid down, to affift this me- 
thod, fo as to make it always operate, it is the fame 
in tfkd as if there w'cre no method at all. And ac- 
cordingly in experience it is found, that there is no 
rule now fublifting but vvbot is abfolutely ufelcfsin the 
elliptic mbits of comets ; for in fuch cafes there is^ no 
other way to pioceed but that which was ufed by Kep- 
ler : to compute a table for fome pait of the orbit, 
and in it examine If the time to which the place is 
required, will fall out any where in that part. So that, 
upon the whole, it appears evident, that this problem, 
.contrary to the received opinion, has never yet been 
advanced one ftep towards its true folution. 

Mr. Machin then proceeds to give his own folution 
of this problem, which is particularly ncccffary in or- 
bits of a great cxcentricity ; and he illuftrates his me- 
thod by examples for the orbits of Venus, of Mercury, 
of the comet of the year 1682, and of the great comet 
of the year i68o| fufficiently (hewing the univerfality 
of the method. 

- KEY, in Mufic, is a certain fundamental note, or 
tone, to which the whole piece, be it concerto, fonata, 
cantata, &c, is accommodated ; and with which it ufu- 
aUy 'begins, but always ends. 

Kevs denote alfo) in an organ, harpffchord, 5cc, the 


: 3 K N v 

pieces of wood or ivory which fee 11 ruck by the fingers^ 
in playing upon the inftrument. 

Keystone, the middle vonfibur, or the arch ftone id 
the top, or immediately over the centre of an arch,— 
The length of the keytlonc, or thicknefs of the archi- 
volt at top, is allowed by tlic bed architects, to be about 
the ! ^th or 16th part of the fpan. 

KILDERKIN, a kind of liquid meafurc, containing, 
two fnkins, or 18 gallons, bccr-meafure, or 16 alc- 
meafure. 

KlNG-j^tVr^, or KiNG-^/^, is a piece of timber fet 
upright in the middle, between two principal rafters,, 
and having ftrutsor braces going from it to the middle 
of each raitcr. 

KIRCH (Christian Frederic), of Berlin, a cc* 
lebvated aftronomer, was born at Guben in 1694., He 
acquired great reputatiqn in the obfervatories of Dant- 
zic and Berlin. Godfrey Kirch his father, and Mary 
his mother, alfo acquired confidcrable reputation by 
their aftronomical obftTvations. This family corre- 
fponded with all the learned focieties of Europe, and 
their aftronomical works are in great repute. 

KIRCHER (Athan Asifts), a famous philofopher 
and mathematician, was born at Fuldc in i6oi. He 
entered into the fociety of the jefuits in 1618, and 
taught philofophy, mathematics, the Hebrew and Sy- 
riac Languages, in the univerfity of Wirtftmrg, wltlt 

f reat applaufe, till the year 1631. He retired to 
ranee on account of the ravages committed by the 
Swedes in Franconia, and lived (ome time at Avjgnon. 
Fie was afterwards called to Rome, where he taught 
mathematics in the Roman college, collefted, a rich ca- 
binet of machines and antiquities, and died in 1680, ii¥ 
the 80th year of his age. 

The quantity of his works Is Immcnfe, amounting to 
22 volumes in folio, 1 1 in quarto, and three in oCfavo j 
enough to employ a man for a great part of his life 
even to tranferibe them. Moll or them arc rather cu- 
rious than ufefnl ; many of them vifionary and fanciful"; 
and it is not to be wondered at, if they are not itlways. 
* accompanied with the greatcil exadlncfs and prcci.- 
fion. The principal of them arc,. 

I, PraJufiones Alagrctictc^ 

2. Primitla Gnomonica Catoptrics*. 

3. y/rj magna Lucis et Umhrs* 

4,' Mufurgia UmverfaUs* 

5. Obelif-us Pamphilim* 

6, Oedipus JCgyptiacus ; 4 volumes folio, 

7, Itinenirium Extaticum, 

8. Ohelifeus JF.gyptiacus ; 4 volumes folio, 

9, Mundus Suhterraneus, 

10 . China Illujlrata* \ 

KNOT, a ty&, or complication of a rope, cortf,. 
or ftring, or of the ends of two together. There 
are divers lorts of knots ufed for different purpofes, 
which ntay be explained by (hewingthc figures ofthem 
open, or undrawn, thus. 1. Fig. i, prate xiii. is a\ 
Thumb knot* This Is the fimpleft of alL Jt is ufed to 
tyc at the end of a rope, to prevent its opening out 1 
it is alfok ufed by tayiors &c, at the end of their thread. 

. Fig, 2, a Loop knot* Ufed to join pieces of rope- 
8cc. together. 

Fig. 3, a Dranv hnotf which is llie fame as the kft ;• 
only oioe end or both cclura the lame way back, as, 

a,bcd^ 
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g^ed. By drawing at the part bed cornea 
through, and the knot is loofcd. 

Fig. 4, a Ring knoU This fcrrcs alfo to Join pieces 
of cord &c together. 

Fig. y is another knot for tying cords together. This 
xs ufed when any cord is often to be loofcd. 

Fig. 6, a Running knot, to draw any thing clofe. 
By pulling at the end a, the cord is drawn through 
the loop tod the part <d h drawn clofe about a 
beam, &c. 

Fig. 7 is another knot, to tyc any thing to a poft. 
And here the end may be put through as often as 
you pleafe. 

Fig. 8, a Ver^fmall knot. A thumb knot is firft 
made at the end of each piece, and then the end of the 
other is paffed through it. Thus, the cord a c runs 
through the loop d, and bd through c; and then 
drawn clofe by pulling at a and b, ff the ends e and/ 
be drawn, the knot w 5 l be loofcd again. 

Fig* 9, a Fifbn^t int, or Water knot. This is the 
Hme as the 4th, onl^ the ends are to be put twice 
tlirough the ring, which in the former was but once ( 
and then drawn clofe. 

Pig. 10, a Mejbing knot, for nets; and is to be 
drawn clofe. 

Fig. 1 1 , a Barhir*i hot, or a knot for cawls of wigs j 
and IS to be drawn clofe. 

Fig* 13, a Bowlmi knot* When this is drawn clofe, 
it malces a loop that will not /lip, as hg. 7 ; and ferves 
to hitch over any thing* 

Fig. T j, a krak knot, which is made with the three 
flraiidsofa rope^fo that it cannot flip. When the 
rope is put through a hole, this knot keeps it from 
flipping through* When the three ftrands arc wrought 


round once or twice more, after the fame manner, ft is 
called eroKvning* By this means the knot is made larger 
and ftronger. A tnumb knot, N** i, may be applied 
to the fame ufe as this. 

Knots mean alfo the divlfions of the log Une, ufed 
at fea. Thefc are ufually y fathom, or 43 feet afoa^ 
der } but (hoold be 8 J fathom, or 50 feet. And then, 
as many knots as the log* line runs out in half a mi* 
nutc, fo many miles docs the Ihip fail in an hour ; fup* 
pofing her to keep going at an equal rate, and allowing 
for yaws, leeway, &c. 

KOENIG (Samuel), a learned philofophcr and 
mathematician, was a Swifs by birth, and came early 
into eminence by his mathematical abilities. He waa 
profeffor of philofophy and natural law at FranekeT^ 
and afterwards at the Hague, where he became alfo 
librarian to the Stadtholdcr, and to the Princefs of 
Orange j and where he died in i 757 » , 

The Academy of Berlin enrmlcd him among her 
members ; but afterwards expelled him on the follow* 
ing occaiiofl. Maupertuls, the prefident, had inforted 
in the volume of the Memoirs for 1746, a difeourfe 
upon the Laws of Motion $ which Koenig not only 
attacked, but alfo attributed the memoir to Leibnitz. 
Maupetiius, flung with the imputation of plagiariftn» 
engaged the Academy of Berlin to call upon nim for 
his proof ; which Koenig foiling to produce, he was 
ftfuck out of the academy. Au Europe was intereft* 
ed in the quarrel which thia occafioned between Koe* 
nig and Maupertuis. The former appealed to the pub* 
lie ; and his appeal, written with the animation of re- 
fentment, procured him many friends. He was au* 
thor of fomc other works, and had the charaftcr of 
being one of the beft mathematicians of the age* 
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L abel, a long thin brafs ruler, w-ith a fmall fight 
at one end, and a central hole at the other j com- 
monly ufed with a tangent-line on the edge of a cir- 
cumferentor, to take altitudes, and other angles. 

LACERTA, Lizard, one of the new conftdla- 
tions of the northern hcmifphcre, added by Hevelius to 
the a 8 old ones, near Cepheus and Cafliopeia. 

This conftcllation contains, in Hevclius’s catalogue 
10 ftars, and in Flaraftced’s 16. 

LACUNA an arched roof or deling ; more cf- 
pccially^c planking or flooring above the porticos* 
LAjDY-jDny, the aeth of ^rch, being the An- 
nunciation of the Holy Virgin, , 

LAGNY (Thomas Fantet de), an eminent 
French mathematician, was born at Lyons. Fournier’s 
Euclid, and PcUcticr’a Algebra, by chance foiling in 
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his way, developed hii genius for the mathematics. It 
was in vain that his father defigned him for the law ; 
he went to Paris to deliver himfelf wholly up to the 
ftudy of his favourite fcicnce. In 1697, the Abb6 
Bignon, prote(ftor-gcncral of letters, got him appointed 
profcflbr-royal of Hydrography at Rochfort. Soon 
after, the duke of Orleans, then^ regent of France, 
fixed him at Paris, and made him fub-dire^or of the 
General Bank, in which he loft the greateft part of 
his fortune in thje foilure of the Bank* He had been 
received into the ancient academy in 16^6 } upon the 
renewal of which he was named Affociatc-geometri- 
ctan in 1699, and penfioner in 1735. After a life 
fpent in dofe application, be died, April 12, 1734, 

In the laft moments of his life, and when* he had, 
loft all knowledge of the perfont who furroundled his 
6 bed. 
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fcrfr one of them, through cunofity, sfked Mmi 
if the fauorc of u i To which he irnmcdUtdy rcplM* 
ftod without feemiog to know that he gave any 

De Lagny particularly excelled in arithmetic, alge- 
bra, and geometry, in which he made many improve- 
ment* and difcovcrifli. He, at well ai Lcibmu, invent- 
ed a binary anthmetic, in which only two hgure* are 
concerned. He rendered much cafier th? refoiution of 
algebraic e<)uatiQn8, efpccially the irreducible cafe in 
cubic equations; and the numeral refoiution of the 
higher power*, by mean* of fhort approximating the- 
orem*,— He delivered the mcafurcs of angles in a new 
fcience, called G^domHry ; in which he meafured angle* 
by a pair of compafTes, without fcales, or table*, to 
great exa^lnef* ; and thus gave a new appearance to 
li igonometry.— Cyr/owr/ry, or the meafhre of the cir- 
cle, was alfo an obje^ of hi* attention ; and he calcu- 
lated, by means of infinite feries, the ratio of the 
circumference of a circle to its diameter, to 120 places 
of figures. — He gave a general theorem for the tan- 
gents of multiple arcs. With many other curious or 
ufeful improvements, which are found in the great 
multitude of Kis papers, that are printed in the dif* 
ferent volume* of tuc Memoirs of the Academy of Sci- 
ence*, viz, in almofi every volume, from the year 1699, 
to 1729, 

LAKE, a colledlion of water, inclofed in the cavity 
of feme inland place, of a confiderable extent and 
depth. As the Lake of Geneva, 8cc. 

LAMMAS-Day, the iftofAuguft; fo called, ac- 
cording to fome, becaofe lambs then grow out of fca- 
fon, as being too large. Others derive it from a Saxon 
word, fignifying loaf-mafs^ becaufe on that day our 
forefathers made an ofieriag of bread prepared with new 
wheat. 

It is celebrated by the Romifh church in memory of 
St. Peter’s imprifonment. 

LAMP/EDI AS, a kind of bearded comet, refem- 
bllng a burning lamp, being of fcvcral (hapes j for fome- * 
times its fiame or blaze runs tapering upwards like a 
fwordy and fometimes it is double or trcole pointed. 

LANDEN (John), an eminent mathematician, was 
born at Pcakirk, near Peterborough in Northamp- 
tonfhire, in January 1719. He became very early 
a proficient in the mathematics, for we find him 
a very refpeflable contributor to the Ladies Diaiy 
io 1744 { and he was foon among the foremoft of thole 
who then contributed to the fupport of that fmall but 
valuable publication, in which almoU every Englilh 
inathemattcian who has arrived at any degree of emi- 
kence for the bell part of this century, has contended 
for fiune yt one time or other of his bfe, Mr. Laoden 
continued his contributious to it at times, under various 
fignatures, till within a few years of his death. 

It has l^en frequently oblerved, that the hiftories of 
Kterary men confill chiefly of the hillory of their writ- 
ings ; and the obfervatton was nevermore fully verified, 
mn in the prefent article concerning Mr* Landeu. 

In the 49th volume of the Philofophical Traufiic- 
tions, for tne year 17^4, Mr. Laoden wc An In- 
vefogntion of fome theorems which foggeft fcvcral 
very properties of the Circle, and are at 

the fimm timoof ooofad erabl c nfo in rcfolving 
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the denominaton of which are certain Multinoihials, 
into more fimple ones, and by that means facditaie the 
cor^utation of Fluents,” This ingenious paper was 
delivercd.to the Society by that eminent matn'rmati- 
cian Thomas Simpfon of Woolwich, a clicmnihince 
which will convey to thofe wjio arc not chcmfelves 
judges of it, fome idea of its merit. 

In the year 1755 » publilhed a volume of about 
160 pages, inttried Mathematical Lucuhrations, The 
title to this publication was made choice of, ns a means 
of informing the world, that the lludy of the mathe- 
matics was at that time rather the purfuit of his lei- 
fure hours, than his principal employment : and in- 
deed it continued to be fo, during the greatefi part 
of his life ; for about the year 1 76 i he was appointed 
agent to Earl ritzwilliam, an employment which hf 
rcfigncd only two years before his death. Thefc Lu- 
cubrations contain a variety of trails relative to the rec» 
tification of curve lines, the fummatioo of feriea, th^ 
finding of fluents, and many other points in the highec 
parts of the mathematics* 

About the latter end of the year lycy, or the 
ginning of 1758, he publilhed propofals for printing 
by fublcription, The Rejidual Jnalylts, a new Branch of 
the Algebraic art: and in 1758 he publilhed a fmalt 
tradl, entitled l)\fceurje on the Refulud } it) 

which he refolved a variety of problem*, to which the 
method of fluxions had ufually been applied, by a ipodf 
of reafoning entirely new : lie alfo compared thefc fo? 
lutions with others derived from the nmtionary rtie- 
thed ; and Ihcwcd that the folutions by his new method 
were commonly more natural and elegant than thf 
fluxionary ones. 

In the 5 1 ft volume of the Philofophical Tranlac- 
tions, for the year 1 760, he gave A New Method of com^ 
puting the Sumt of a great number of Infinite Series* I’his 
paper was alfo prefented to the Society by his ingenioua 
friend the late Mr. Thomas Simpfon, 

In 1764, he publilhed the firll book of The Refn 
dual Analyfu* In this treatife, befides explaining the 
principles which his new analyfis was founded on, he 
applied it, in a variety of problems, to drawing tan^ 
gents, and finding the properties of curve lines ; to de- 
Kribing their involutes and evplutcs, finding the radius 
of curvature, their greateft and leaft ordinates, and 
point* of contrary flexure ; to the determination of 
their cufps, and the drawing of afymptotes : and he 
propofed, in a fecond book, to extend the application 
of this new analyfis to a great variety of mechanical 
and phyfiGal fubied*. The papers which were to have 
formed this book lay long by htm ; but he never found 
leifure tp put them In order fpr the prefs* 

In the year 1766, Mr. Landen was cleded a Fcljow 
of the Ro^al Society. And in the 58th volume of the 
Philofophical Tranladions, for the year 1768, he gave 
A fpetinen of a New Method of cQmparit{g Curvilinear 
Areas / by means of which many areas are compared, 
that did not appear to be comparable by ^ any othcf 
qsethod : a circuinftance of no fmall importance in, thal 
part of natural philofophy which relate* to the dodrme 
of motion* 

In the 60th volume of the fame work, for .the year 
1770, he gave Some New Theorems for computing thf 
of Curve Uocn where the Ordinates art 
cxprelTcd 
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eiprcflcd by FTa£lIoni of a certain form, in a more 
concifc and elegant manner than had been done by 
Cotee, De Moitre, and dthers who had confidered the 
fubjeft before him. 

In th^; 6ift volume, for 1771, he haB inveftigated 
feveral new and ufeful theorems for computing certain 
fluents, which are aflignable by arcs of the conic 
fedtious. This fubjccl had been confidered before, 
both by Maclaurin and d'Alembert j^biit fume of the 
theorems that were given by thefc celebrated mathe- 
maticians, being in part exprefied by the difference be- 
tween an hyperbolic arc and its tangent, and that dif- 
ference being not directly attainahlc when the arc and 
its tangent both become infinite, as they will do when 
the whole fluerjt is wanted, although fuch fluent be 
finite ; thefe theorems thuefore fill in thefe cafes, and 
the computation becomes impia(ffical;Ie without farther 
irclp. This dcft^l Mr. Lanclen lias removed, by afiign- 
ing the Z/m/V of the difference between the hypcrboh'c 
nrc and its tangent, while the point of contact is fup- 
p^fed to be removed to an infinite dlllnnce from the 
vertex of the curve. And lie concludes the papcrVith a 
curious and remarkable property relating to pendulous 
bodies, which is deduciblc from iliufe theorems. In the 
fame year he Jmmadvirjiotis an Dr, Stewart* s 

Computation of the Suii*i Diftartce from the Earth* 

In the 65th volume of the Pliilofopliical Tranfaftions, 
for 1775* he gave the invt (ligation of a General The- 
orem, which lie had promifed in 1771, for finding the 
Length of any Curve of a Conic Hyperbola by means 
of two Elliptic Arcs : and he obferves, that by the the- 
orrms there inveftigated, both the clallic curve and the 
curve of equable recefs from a given point, may be con- 
ftrufted in thofc cafes where Maclaurin 's elegani method 
fails. 

In the 67th volume, for 1777, he gave ** A New 
Theory of the Motion of bodies revolving about an 
axis in free fpacc, when that motion is difiurbed by 
fomc extraneous force, cither percuffivc or accelerative.*’ 
At that time he did not know that the fubjed had been 
treated -by any perfon b-fore him, and he confidered 
only the motion of a fpherc, fpheroid, and cylinder. 
After the publication of this paper however ne was 
informed, that the dodlrine of potatory motion had 
been confidered by d’Alembert ; and upon procuring that 
author’s Qpnjcuks MaihemaUques^ he there learned that 
d’Alembert was not the only one who had confidered 
the matter before him ; for d’Alembert there fpeaks of 
fomc mathematician, though he docs not mention his 
name, who, after rending what had been written on 
the fuhjec^, doubted wliether there be any folld what- 
ever, beiidc the fphere, in wlilch any line, pafling 
through the centre of gravity, will be a permanent axis 
of rotation. In confcquencc of this, Mr. Landentook 
up the fuhjeifl again ; and though he did not then 
give a folution to the general problem, viz, “ to dc- 
tcrmiric the motions of a body of any form wlratcycr, 
revolving without reftraint about any axis paliing 
through its centre of gravity, he fully removed every 
doubt of ilie kind which had been ftarted by the per- 
forr alluded to by d’Alembert, and pointed outyfev^ral 
bodies which, under certain (fimenfions, have that rc» 
markable property. This paper is given, among many 
Others equally curious, in a volume of Memoirs^ which 


he publilhed m the “year 17^0# That 
enriched with a very extenfive append, 

7 heormi for the Calculation of Pluenu ; which afe mfcrci 
complete and extenfive than thofc fhat arc found, in 
any autlior before him* * ^ 

In 1781, 1782, and 1783, he publifhed three fmatt 
Tradls on the Summation of Converging Series j in 
which he explained and (hewed the extent of fome 
theorems which had been given for that purpofc by 
De Moivre, Stirh'ng, and hi§ old friend Thomas Slmp- 
fon, in anfWcr to fome things which he thot^ht had 
been written to the difparagement of thofe excellent 
mathematicians. It was the opinion of fomc, that 
Mr. Landen did not fhew lefs mathematical Ikill in 
explaining and illuftrating thefe theorems, than he has 
done in his writings on original fubjefts ; and that the 
authors of them were as little aware of the extent of 
their own theorems, as the reft of the world were before 
Mr. Landen’s ingenuity made it obvious to all. 

About the beginning of the year 178a, Mr. Lan- 
den bad made fuch improvements in his theory of Ro- 
' tatory Motion, as enabled him, he thought, to give a 
folution of the general problem mentioned above ; but 
finding the rcfult of it to differ very materially from 
the refult of the folution which had been given of it by 
d’Alcmheit, and not being able to fee clearly where 
that gentleman in his ooinlon had erred, he did not 
venture to make his own folution public. In the courfe 
of that year, having procured the Memoirs of the Ber- 
lin Academy for 1757, which contain M. Euler’s fb- 
lution of the problem, he found that this gentleman’s 
folution gave the fame refult as had been deduced by 
d*Alcmbert ; but the pcrfpicuity of Euler’s manner of 
writing enabled him to difeover where he had differed 
from his own, which the obfeurity of the other did not 
do. The agreement, however, of two writers of fuch 
eftablifhed reputation as Euler and d’Alen\bert made 
him long dubious of the truth of his own folution, 
and induced him to revife the procefs again and again 
with the utmoft circumfpeftion ; and being every time 
more convinced that his own folution was right, and 
theirs wrong, he at length gave it to the public, in the 
75th volume of the Philofophical TranfaiSlions, for 

The extreme difficulty of the fubjeft, joined to the 
concife manner in which Mr. Landen had been obliged 
to give his folution, to confine it within proper limits 
for the Tranfadlions, rendered it too diraculti or at 
leaft too laborious a talk for moft mathematicians to read 
it ; and this circumftancc, joined to the eftablifhed re- 
putation of Euler and d’Alembert, induced many to 
think that their folution was right, and Mr. Landen ’a 
wrong; and there did not want attempts to pro^ ’it ^ 
mrticiilarly'a long and ingenious paper by the learned 
Mr. Wildbore, a gentleman of very diftinguifhcd ta- 
lents and experience in fuch calculations ; this paper 
is given in the 80th volume of the Philofophical Tranf-. 
aiftions, for the your 1790, in which he agrees with the 
folutions of Euler and d’Alembertr and againft. that , of 
Mr. Landen. This determined the latter to ravUeind 
extend hiV folution, and give it at igiyater to 

render it more generally ^underftood* About this time 
alfohe met by chance with the late Frifi’s Cqfmgra^^ 
phm Pbjifica et MathmMtca ; ia the fcc<wd foai o£ 

which 
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Ic^h, in a volume publifhcd at Roftoch anif Oiy- 
phlfwald in 1765, intitled, ftcoria Motus Cor^prJm 
Soltdorum feu RiffdoHim, Having therefore procured 
thilLhnnIr. IVTr. I.9nrl^n 
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tni^book, IVIr. Landen found the fame principles em- 
d in it, and or coiirfe the fame concluflon rcTuft^ 



plowed 

mg fiom them/ as iri; M, Euler’s former IbTution'bf 
the problem. JBut notwithftanding that there were 
thus a coincidence of at leaft four moft rcfpeaablc' ma- 
thematicians againft him, Mr. Landen was ftlll per- 
fiKided of the truth of his own folulion, and prepared 
to dcft*nd it. And as he was convinced of the iiccef- 
ilty of explaining his ideas bn the fubjVa more fully, 
fo he now found it nccclTaiy to lofe no time' in fetting 
about it. He had for feveral years been fcvercly af- 
flided with the ftone in the bladder, and towards the 
latter part of his life to fuch a degree as to bb coh-- 
iined to his bed for more than a month at a time : yet 
even this dreadful diforder did not extinguifli his ar- 
dour for mathematical ftudies ; for the ftrond volume 
of his ./1/rwwV/, lately publifhed, was written and rc- 
vlfed during the intervals of liis diforder. This volume, 
befides a folulion of the general problem concerning 
rotatory (notion, contains the rcfolution of the problcrn 
relating to the mbtibn of a Top ; with an invciligation 
of the motion of the Equinoxes, in which Mr. Landen 
has firft ofany one pointed out tfaccaufeofSirlfaac New- 
ton 8 midake in his folution of this celebrated problem { 
and fome other papers of confidcrablc importance. He 
juft lived to fee this work finiftied, and received a copy 
of it the day before his death, which happened on tlie 
15th of January 1790, at Milton, near Peterborough, 
in the 7 1 ft year of his age, 

LARBOARD, the left hand fide of a fhip, when 
a perfon ftands with his face towards the head. 

LARMIER,^ in Architc<flure, a fiat fquarc nicn>- 
ber of the cornice below the cimafnim, and jets out 
fartheft } being fo called from its ufe, which is to 
difperfe the water, and caufc it to fall at a diftance 
from the^all, drop by. drop, or, as it were, by tears; 
larme in French fignifying a tear. 

LATERAL Eoi/ATioM, in Algebra, is the fame 
with fimple equatioH. It has but one root, and may 
be conftruAed by right lines only. 

LAPION, is uled by fome, for the tranfiation or 
motion of a body from one place to another. ‘ 
LATITUDE, in Geogi-aphy, or Navigation, the 
diftance of a place from the equator j or an arch of 
thfc meridian, intercepted between its zenith and the 
equator. Hence the Latitude is either north or fouth, 
according as the plaoe is on tlic north or fouth fide of 
the equator j thus London is faid to be in 
^of north latitude- ' ^ ^ . 

Circles parallel to the equator arc called /«ra&// cf 
becanfe, they /hew the l^'titudes of places bv 
their interfe^ioBS with the mep^^ 

T he ^iitude of a place is eqii^ fo the elevation of 
the uolt above the horizon of the place : and hence 
,ihelc two terms are ufed indigercotly for each «thcr. 

Vox* IL ' 


elevation of the pole above the 

horizon. And beckufe PE is =: 

20 ; being each a miadrant, if the common part PZ be 
taken from both, there will remain the latitude 2E 
PO the clevaflon of the pole.— Hence we have' a me- 
thod of meafuting the circiimferenee of the earth, or 
•of determining the quantity of a degree on itsVur- 
face ; for by meafuring direaiy northward or fouth- 

or lower, 

wc Ihall have the number of miles iu a degree of a 
great tircle' on the furface of the earth; and confe- 
•qdenthr multiplying that bv j6o, will give the num- 
ber of niiles roilnd the whole circumference of tlic 
earth., 

The knowledge of the Latitude of the place, is of 
the utmoft conTequence, in gcograpliy, navigatioi^, 
and aftronomy ; it may be proper therefore to lay 
do\vn fome of the beft ways of determining It, both 
by fca and land. ® 

I ft. One* method is, to find the Latitude of the pole, 
to which ft is equal, by means of the pole ftar, or any 
other circumpolar ftar, thus: Either draw a trwe me- 
ridian line, or find the times when the ftar is on the 
meridian, both above and below the pole; then at 
thefe times, with a quadrant, or other fit inftfument, 
take the altitudes of the ftar; or take the fame when 
the ftar comes upon your meridian line ; which will be 
thegreateft andlcaft altitude of the ftar: then fhall 
half the fum of the two be this rfevadoh of the pole, 
or the latitude fought.-For, if be the path of 
the ftar about the pole P, Z the zenith, and HO the 
horizon: then isnO the altitude of the liar upon the 
meridian when above the pole, and eO the fame when 
bdow the pole; hence, becaufe nP 1=^ vP, therefore 
aO + zO = 2 OP, hence the height of the pole OP 
or latitude of Z, is equal to half the fum of aO and eO^ 

• A method is by means of the dedina- 

r and one meridian altitude 

of the fame, thus: Having, with a quadrant, orothet* 
inftrumcnt, obferved the zenith diftance Zd of the 
luramary ; or clfe its altitude H^, and taken its com- 
plement Zd; then to this zenith diftance, add the 
dedination dE when the luminary and place are on 

fame fide of the equator, or fubtraa it when on 
mitcrent fides, and the fum or di/fcrcnce will be the 
latitude EZ fought. But note, that all altitudes ob- 
ferved, muft be correfted for refraaion and the dip 
of the horizon, and for the femidiameter of the fun 
when that is the luminary obferved. * 

Mahy other methods of obferving and computing 
the Latitude may be feen in Robertfon^s Kavigation • 
fee book 5 and book 9. See alfo the Nautical Al* 
manac for 1^71, 

Mr. klehard Graham contrived an ingenious inftru- 
mchtfor tikm^ thc latitude of a plate 5 t any time of 
the day. .Scc-Philo/; Traof. N*. 435, or Abr. vol 8, 
pa.^7U 
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LatxtudI) in Aftronomy, u ofa (lar ar planet, ii 
its diiUnce from the ecliptkf being an arch of a cir^ 
of latitude, reckoned uom the ecliptic towarda iU 
poles, cither north or fouth. Hence, the aftronomical 
latiiudc is Quite different from the geographical, the 
former mcaiuiing from the ecliptic, and the latter 
from the equator, fo that this latter anfwers to the 
declination in ailro'nomj, which meafures from the 
cquinodial, 

The fun has no latitude, being always in the eclip- 
tic } but all the liars have their feveral fatitudes, and 
the plaiicto are continually changing their latitudes, 
fometimes aorlh, and fometimes fouth, crofling the 
ecliptic from the one fide to the other ; the points in 
which they crofs the ecliptic being called the nodes of 
the planet, and in thefe points it is that they can pafs 
over the face of the fun, or behind his body, viz, 
when they come both to this point of the ecliptic at 
ihc fame time. 

Circle of Latitudp, (s a great circle palling through 
the poles of the ecliptic, and confcqucntly perpendicu- 
lar to it, like as the meridians are perpendicular to the 
equator, and pafs through Its poles. 

Latitupe, of the Moon, North qfcendifi^, is when 
Die proceeds from the afeending node towards her 
northern limit, or greatell elongation. 

Latitude, North defending, is when the moon 
returns from her northern lima towards the defeend- 
ing node. 

Latitude, South defending, is when Ihe proceeds 
from the dd'ccnding node towards her foutheru limit* 

Latitude, South afeending, is when Ihc returns 
from her foutheim limit towards her afeending node. 

And the' fame is to be underllood of Ure other 
planets. 

Neliocenirie Latitude, of a. planet, is its latitude, 
or diftance from the ecliptic, fuen as it would appear 
from the fun.—- 'This, when the planet comes to the 
fame point of its orbit, is always the fame, or un- 
changeable. 

Geocentric Latitude, of a planet, is its latitude as 
fecn from the earth. — This, though the planet be in 
the fame point of its orbit, is not always the fame, but 
jiltcrs according to the polilion of the earth, in icfpe^ 
to the planet* 

I'lie latitude of a Aar is altered only by the aber- 
ration of light, and the fecular variation of latitude. 

Difference of L AT iTVDB, is an arc of the meridian, 
®r the neareft diftance between the parallels of lati- 
tude of two places. When the two latitudes arc of 
the fame name, cither both north or both* fouth, fut> 
traA the Icfs latitude from the p*ealcr, to give the 
difference of latitude ; but when tngr arc of difiertnt 
names, add them together for the difference of latitude* 

Middle Latitude, is the middle point between 
two latittidSs or places } and is found by taking half, 
the fum of the two* 

Parallax of Latitude* See Paeallax* . 

^Latitude* See Rsfeactiow, ’ 
LATUS Rectum, in Conk Sedions, , the. famE- 
with parameter ; .which fee. 

f..Aiiu s Tratfverfuin, of the hyperboU, is the right* 
Knc between the vertices of the two oppoft^e fe^ttons v 
or that part of their common aais lying between the 



thefe 


twooppofite coaeit m the Une Dfi^ h Cult 
M the tranfveric agii of the hypetbolat or dppofiie 
hyperbolas. 

L AT V $ Prlmariwih aright line, DDf 
or £E, drawn through Uie vertex of 
the feflion of a cone, within tht 
fame, and parallel to t^ bafe* 

L£ A6U£, an extent of three miles 
in length* A nautical league, or three 
nautical miles, is the aoth part of a 
degree of a great circle* 

L£AP-YEAa, the fame as Bissex- 
tile; which fee* It Is fo called from its 
leaping a day more that year than in a 
common year ; confiding of 366 days, 
and a common year only of 365. This 
happens cvciy 4th year, except only fuch complete 
centuries as are not exaflly divifible by 4 ; fuch as the 
17th, 18th, 19th, aift &c. centuries, becaufe 17, 18, 
19, 21, &c, cannot be divided by 4 without a re- 
mainder* 

To find Leap Tear, f!dc. Divide the number of the 
year by 4 ; then if q remain, it is leap- year ; but if I, 2, 
or 3 remain, it is fo many after leap-year. 

Ur the rule is fomettmes thus expreffed, 
two memorial verfes ; 

Divide by 4 ; what's left ftiall be. 

For leap-year o ; for pa ft, i, 2, or 3. 

Thus if it be required to know what year 1790 is: 
then 4)1790(447 

2 remains ; 

fothat 2 remaining, ihews that 1790 is the 2d year 
after leap-year. And to find what year i79<5 is : 
then 4) i79<^(44p 

here 0 remaining, ftiews that 1796 is a leap-year. 

LEAV£R. See Lever. 

LEE, a term in Navigatlouf figniTying that fide, , 
or quarter, towards which the wind blows. 

Lee-Way, of a Ship, is the angle mode by the 
point of the compafs ftecred upon, -and the real line 
of the (hip's way* occafioiied by contraiy winds and 
a rough fea. 

All (hips arc apt to make fooie Ice-way; fo that* 
fomething mull be allowed for it, in caftfffg up the 
log-board. But the lec-way made by different Ihips, . 
under fimilar circumftances of wind and fails, is dif- 
ferent ; and even the fame Ihip, with different lading, 
and having more or Icfs fail fet, will have more or IcU 
Ice-way. The ufual allowances for it arc thefe, ks 
they were given by. Mr. John Buckler to the, late in- 
genious Mr. William Jones, who firft pubiifticd them, 
in 1702. in his Compendium of Prafiical Navigation^ 
ift, When a Ihip is clofc -hauled, )m all her fails fet, , 
the fca fmooth, and a moderate, gale of widd, it ia« 
then fupppfcd (he makes little or. no lee-way. 2d, Al- 
low one point, when it bldws fo frclh that . the fnwi 
fails are taken in* 3d, Allow twa points, when 
the topfail muff be. clofe reefed. 4tfa, Allow , two . 
points and a lialf,^wben one topkll muff' be handed. . 

Allow ,th;ee. points and . a half,.' when, both top- 
<H«us muff be kken in..* 6tK, Allow four pointy whep 
the forc’courle is. handed, 7th, Allow five points, 
when trying under the mainftiil only, 8th, Alkw iix 
points, when both main apd fqre-coSdes taken in* . 
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Mow (bven pointy wh«n the ilup tnei t-bu!^ 
or with tU fails handed. 

When the wind has blown hard in either t^uarteiv 
and (hifts acrofa the, meridian into the next quarter, 
the^ lee>way will be leiTcned* But in all thefe cafes, re* 
fpe^ muft be had to the roughnefs of the fea, and th«‘ 
trim of the fhip. And hence the mariner will be able 
to corre6t his courfe. 

LEGS, of a Triangle^ When one fide of a triangle 
1*8 taken as the bafe, the other two are foinetimes 
called the legs. The term is often ufed too for the 
bafe and perpendicular of a right-angled triangle, or 
the two fidei about the right angle. 

HyperhoYte Legs, are the ends of a curve line that 
partake of the nature of the hyperbola, or having 
afymptotes, 

Leibnitz (Godfrey-William), an eminent 
mathematician and philofophcr, was born at Leipfic 
in Saxony in 1646. At the age of 15, he applied 
himfclf to mathematics at Leipfic and Jena 5 and in 
1 663, maintained a thefis de Y*rinctplu Individuatmit* 
The year following he was admitted Mafter of Arts. 
He read with gieat attention the Greek philofophers j 
and endeavoured to reconcile Plato with Arifiotlc, as 
he afterwards did Ariftotic with Des Cartes. But the 
ftudy of the law was his principal view j in which fa- 
culty he was admitted Baclielpr in 1665. The year 
following he would have taken the degree of Do 61 or j 
but was refufed it on pretence that he was too young, 
though in reality becaufe he had raifcd himfclf feve- 
rat enemies by rejeding the principles of ArifioCle and 
the Schoolmen. 

Upon this he repaired to Altorf, where he main- 
tained a thefis d£ Ceftbus Prrphxii, with fuch ap- 
plaufe, that he had the degree of Do^flor conferred on 
him. 

In 1672 he went to Paris, to manage feme affairs at 
the French Court for the baron Boinebourg, Here 
he became acquainted with all the Literati, and made 
farther and confiderablc progrefs in the ftudy of math<f- 
ifiatics and philofophy, chiefly, as he fays, by the 
works of Palcal, Gregory St, Vincent, and Huygens. 
In this courfe, having obferved tlic imperfeftion of 
PafeaPs arithmetical machine, he invented a new one, 
as he called it, which was approved of by the minifter 
Colbert, and the Academy of Sciences, in which he 
was offered a feat as a mernber, but refufed the offers 
made to him, as it would have been neceffary to em- 
brace the Catholic religion. 

In 1673, England ; where fie bc- 

.eamc acquainted with Mr. Oldenburp, fecretary of the 
Royal Society, and Mr. John Colbns, a difiinguiflied 
member of the Society } from whom it feems he re- 
ceived feme hints of the method of fluxions, which had 
been ioveoted, in 1664 or 1665, by the then Mr. 
liaac Newton. 

The fame yci^ he returned to France, where he re- 
fidfd till 1676, when he again pafled through Eng- 
land, and Holland, in hit journey to Hanover, where 
he pMofed to fettle. Upon his arrival thae, he ap« 
plied nimfelf to enrich the dukeVlibowry with the bej^ 
boohM of aO hinds. The. duke thing in .1^79, fab 
fuce^eflbe Ehidl Auguftus^ then faiiaop of OfoA>orgfa, 
Ihevad Mr, Leihniuthefame favour as hb fxcdecel^ 


bad done, and engjiffcd him to write the Hiflory of ihe 
Houfe of BruarwicK. To execute this talk, he tn|« 
veiled over Gentuny and Italy, to coiled materials. 
While he was in Iftaly, he met with a pleafant adven- 
ture, which might , haVe proved- a more ferious aflair^ 
Pafling in a fmall bark from Venice to Mefola, a 
ftorm arpfc ; dunrtg which the pilot, imagining he 
was not underflood by a German, whom, being a 
heretic, he lodkeri orr as the caufe of the tempeft, 
propofed to flrip him of his deaths and money, and 
throw him overboard. Leibnitz hearidg- this, with- 
out difeovering the Icafl emotion, drew afetofbeads 
from his pocket, and began turning them over with 
great feeming devotion. The artifice fuccecdcd ; one 
of the failors obTcrving to the pilot, that, fincc the 
man was no heretic, he ought not to be drowned. 

In 1700 he was admitted a member of the Royal 
Academy of Sciences at Paris. The fame year the 
eledor of Brandenburg, afterwards king of Pruflia, 
founded an academy at Berlin by his advice ; and he 
was appointed perpetual Prefident, though hit affairs 
would not permit him to refidc conflanlly at ^hat place. 
He projeded an academy of the fame kind at Drcfden ( 
and this defign would have been executed, if it had 
not been prevented by the confiifions in Poland* He 
was engaged likewife in a feheme for an univerfal lan- 
guage, and other literary projeds. Indeed his writings 
had made him long before famous over all Europe, and 
he had many honours and rewards conferred on him. 
Bcfide the office of Privy Counfellor of Jufticc, which 
the elcdor of Hanover had given him, the emperor ap- 
pointed him, in 1711, Aulic Counfellor j and tfae .czaik 
made him Privy Counfellor of Jufticc, with a penfion 
of 1000 ducats. Leibnitz undertook at the fame time 
to eftablifh an academy of fciences at Vienna ; but the 
plague prevented the execution of it. However, the 
emperor, as a mark of his favour, fettled a penfion on 
him of 2000 florins, and promifed him one of 4000 if 
he would come and refidc at Vienna j an offer he was 
inclined to comply with, but was prevented by hb 
death. 

Meanwhile, the Hiftory of Brunfwick being Inter- 
rupted by other works which he wi-otc occafipnally, 
he found, at his return to Hanover in 1714, that the 
dc^lor had appointed Mr., Ecqard for his colleague jfi 
writing that hillory. The clcdlor was then railed to 
the throne of Great Britain, which place Leibnitx 
vifited the latter end of that year, when he received 
particular marks of friendihip from the king, and was 
frequently at court. He mow was engaged in a dif- 
pute with Dr. Samuel Clarke, upon the fubje^ls of 
free-will, the reality of fpace, and other philofophical 
fubjcj^ls. This was conducted with great candour and 
learning ; and the papers, which were publiftied by 
Clarke, will ever be efteemed by men of genius and 
learning. The controverfy ended only with tlie death 
of Leibnitz, Nev. 14, 1716, whtcli was occafione^ 
by gout and ftone, in the 70th year of his age. 

As to his chara^ and pam ; , He \va8 of a mid- 
dle flature, ^nd a tliin habit of body. He had a ftu- 
^fous air, and a fwcet afped, though ocar-fighted. 
He was indefatigabiy induftrious to the end of hi$ life. 
He eat and d^nk Hunger alone marked the 
time of his t&eiU, and hii diet wai plain and ilrong. 

C2 Ht 
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He had a very good memory, and It was faid could re. 
peat tbe^neid from beginning to end. What he wanted 
to remember, he wrote down, and never read 't after- 
wards. He always piofefrcd the Lutheran religion, 
blit never w€i)t to fermons ; when in his laft lick- 
nefs his fi^vouritc fervant defircd to fend for a mini- 
fter, he would not permit it, faying he had no occa- 
fion for one. He was never marrjed, nor ever attempted 
It but once, when he was about 50 years^ old ; and the 
lady dtliring time toconfiderofit. gave him an oppoitu- 
nity of doing the fame : he ufed to fay, “ that mar- 
riage was a good thiiii;^, hut a wife man ought to con- 

ficler of it all his life.” ... r 

Lcibnlt /. was author of a great multitude of writings 5 
fcvcral of which were publifhed feparately, and many 
otlu rsin the memoirs ordiftcrcntatademics. Heinvented 
a binary -arithmetic, and many other ingenious matters, 
bjis claim to the invention.of I'liixions, has been fpoken 
of lender that artide# Hanfchlus collefted,^ witligrcat 
^arCy every thing that Leibnitz had faid, in different 
pafTtges ofliis works, upon the principles of philofo- 
piiy ; and foimcd of them a complete fyftcm, under 
the title, of C. G. LelhnMi ^^rinafia Philojhthue more 
geometrico demunjhaia hCf 1728, in 410. 1 here came 
out a colleftiou of our author’s letters in 1734 and 
I73r, inlitled, RpiJlol£ ad diverfos tbeolngic'ty juridiej^^ 
me/ich phdofnphUi^ malhematldt htflanciy ^ phUolo^Ut 
argumM e MSS. auSores t cum annotationlhus Juls pri^ 
mum divulgavit Chrtfitan Corthohus, But all bis works 
were coll<;ticd, diflributcd into dalTcs by M. Dutens, 
itnd publlfhcd at Geneva in fix large volumes 4to* 
in 1768, iutitled, Gothofredi GuUleltni LdhnUti Opera 

Otmta life* , I* 

Leisnitzian Philosophy, or the PhiUfophy of 
Leibnitz, is fyftcm formed and publifhed by its au- 
tlior in tlie lafl centuryi partly in emendation of the 
Oaftefian, and partly in- opooiition tp the Newtonian 
phijofophy. Jn this philofojihy, the author retained the 
Cartefian fubtilc matter, wuh the vorticts and uiuvcrfal 
pienum ; and he reprefented fhc univerfe as a machine, 
that ftiould proceed forever, by the laws ofmcchanifm, 
in the moft perfea ftate, by an abfolutc inviolable nc- 
ccfllty. After Newton’s phllofophy was publifhed, in 
1687, Lcilmitz printed an Effay on the cclcllial mo- 
tions in the Ad. Erud. 1689, where he admits the 
circulation of the ether with Des Cartes, and of gravity 
with Newton j though he has not reconciled thefe 
principles, nor fhewn how gravity arofe from the im- 
pulfe of this ether, nor how to account for the plane- 
tary revolutions in their rcfpcclivc orbits. Hw fyftern 
is alfo defedive, as it does not reconcile the circulation 
of the ether with the free motions of the comets in all 
dircdlons, or with the obliquity of the planes of the 
planetary orbits j nor rcfolve other objcdions to which, 
the hypothcfis of the vortices and plenum is liable. 

Soon after the period jull mentioned, the difpute 
commenced concerning the invention of the method of 
Fluxions, which led. Mr. Leibnitz to take a very de« 
tided part in oppofitipn to the philofophy of Newton. 
From the goodnefs and wifdom of the Deity, and hU 
principle pf a fufficUnt reafon^ he concluded, that the 
' univerfe was a perfed work, or the beft that cpuldi 
pofEbly Itavc been made j and that other things, which 
art evil or incommodious, were permitted as neceflary 
confcqucnces of what was bell ; that the material fyf- 


tcm, confidered As A perfed machine, can never fall into 
diforder, or recjulrc to be fet right ; and to fuppofe 
that God interpofes in it, is to lefTcn the fkillof the 
author, an^ the predion of his work. He txprefsly 
charges an inmious tendency on the philofophy of’ 
Kewton, be^aul^ he aflerts, that the fabric of tlic uni- 
verfe and courfe of nature' could not continue for ever 
in its prefent (late, but in procefs of time wouldircquirc 
to be re-e(labllfhed or renewed by the haqd of its fird. 
framer. The perfedion of the iinivcrfc, in confcqucncc 
©f which it is capable of continuing for ever by mecha- 
nical law3 in its prefent ftate, led Mr. Leibnitz to dif- 
tiuguifti between the quantity of motion and the force 
of bodies ; and, whilft he owns in oppoiition to Des 
Cartes that the former varies, to maintain that the 
quantity of force is for ever the fame In the univerfe ; 
and to meafure the forces of bodies by the fqnares of 
their velocities. 

Mr. Leibnitz propofes two principles -as the founda-. 
tion of all our knowledge ; the ftrft, that it is impbfli- 
ble for a thing to be, and not to be at the fame time,, 
which he fays is the foundation of fpeculatlvc truth ; 
and fecondly, that nothing is without a fujicient reafon 
why it (hould be fo, rather than otherwile j and by this, 
principle he fays we make a tranfition from abftraded 
truths to natural philofophy. Hence he concludes that 
the mind is naturally determined, in its volitions and 
eledions, by the greateft apparent good, and that it is 
impofiible to make a, choice between things perfcdly 
like, which he calls indifcernibles j from whence he in- 
fers, that 1^0 things perfedly like could not have been 
produced ^cven, by the Deity himfclf : and one reafon, 
why he rejeds a vacilum, is becaufc the parts of it muft 
be fuppofed perfedly like to each otlier. For the 
fame reafon too, he rejeds atoms, and all fimilar parts 
qf matter, to each of which, though diviOble ad tnJinU 
turn, he aferibes a monad (Ad. Lipfice 1698, pa. 435) 
or adive kind of principle, endued with perception and 
appetite. The cflencc of fubftance he pmces in adion 
or adivity, or, as he exprefles it, in fomething that is 
between ading and tHe faculty of ading. He affirms 
that abfolttte reft is inmoffible, and holds that motion,, 
or a fort of «//»/, is elTcntial to all material fubftanccs. 
Each monad he defcribesas reprefentativc of the whole 
univerfe from its point of fight ; and yet he tells us, in 
one of his letters, that matter is not a fubftance, but a 
fuhjlant\atum<t or phenomene bien fondc. Sec alfo Maclau- 
rin'^s View of Newton^s Philofophical Difcoveiies, 
book i, chap. 4. 

LEMMA, is a term chiefly ufed by mathematicians, 
and figniiies a propofition, previouuy laid down to 
repare the way for the more cafy apprehenfion of the 
eroonftratipn of fome theorem, or the cooftrudion of 
fomc problem. . 

LEMNISCATE, the name of a curve 
in the form of the figure of 8. If we call ^ 

A P, } P , and the conftant line ( P 
AB or AC, a\ the equation = V 

jw, or x\ expreffi \ 

^ihg a line of the 4tK degree, will denote 
a (emnifeate, having a. double point in the f 
point A. There may be ’other Icmnif-* I 
cates, as' the ellipfe of Caffinl, &c$ but * 
that above defined is the fimplcft of them, ^ 
a 


It 
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It cafily app ears tha t this curve is quadrable. For 
|ncc therefore t^c fluxion of thfe 

curve or is =s v'd*— x* ; the fttxcnt of which lO 

' a 

i » JL for the general area of th^ curve ; 

3 ^ 

which, when x is =r tf, becomes barely r= A Q3* 

LENS, a piece of glafs or other Iranfparcnt fubftance^ 
having its two furfaccs fo formed that the rays ©flight, 
in pamng through it, have their diredlon changed, and 
made to converge and tend to a point beyond the lens, 
or to become parallel after converging or diverging, or 
faflly to diverge as if they had proceeded from a point 
before the lens. Some Icnfesarc convex, or thicker in 
the middle ; others concave, or thinner in the middle i 
while others are plano-convex, or plano-concave j and 
forae again arc convex on one fide and concave on the 
other, which arc called menifeufes,, the properties of 
which fee under that word- When the particular figirre 
is nol confidcrcd, a lens that is thickcll in the middle is 
called a convex lens ; and that which is thinned in the 
middle is called a concave lens, without farther diftinc- 
tion. 

Thefe fcveral forms ' of Icnfcs are reprefented iu-the. 
annexed figure 



where A', B are convex lenfes, andC, D, E arc con- 
cave ones; alfo A is a plano-convex, B is convcxo-con-» 
\cx, C is plano-concave, D is concavo-concave, and E is 
a menlfcus- 

In every lens, the right h’ne perpendicular to the two 
ftirfaccs, is called the Axis of the lens, as F G ; the points 
where the axis cuts the furfacc, are called the Vertices 
of the lens; alfo the middle point between them is 
called the Centre ; and the dillancc between them, the 

Diameter. ’ r t ir 

Some confine lenfes within- the diameter of halt an 
inch ; and fuch as exceed that thicknefs, they call Len* 
ticular Glafics. 

Lenfes are either Wown or wound- 
jBIowh Lewises, arc fmall^obules of glaft, melted in 
the flame of a limp or taper. Sec Microfeopc. 

Grown// L enses, arc fuch as air ground or rubbed 
into the defired fhape, and then poliflied* . For a method 
of grinding them, and defeription of a machine for that 
pi^ofe, fee Philof. TranL vol. Jtli* >pa. 555* Abr» 
viii. 281. , 

Maurolycus firft delivered fomething relative to the 
nature of lenfea ; but we arc chiefly indebted to Kepler^ 
for explain!^ the do^rine of rcflraAion through me- 
diums of different /orms, the chief fubftance of which 
may be comprehended in the cafes fuUowing, 



Let DA be a^ ray of light falling upon a convex 
dtnfe medium, having iw centre at E. When the ray* 
anives at A, it will not proceed In the fame dlir^Ion 
At ; but it will be there bent, and thrown into a direc- 
tion AT, nearer the perpendicular AE. In the fame 
manner, another ray falling on B,-at an equal diflancc 
on the other fide ot the vertex C, and parallel to the 
former ray DA, will be refrafted into the fame point 
T* And it will alfo be found, that all the intermediate 
parallel rays will converge to the fame point, very 
nearly. 

On the other hand, if the rays fall parallel on the in- 
fide of this denfer medium, as in the fig. below, they will 
tend from the perpendicular EA/ ; and converge to a 
point T in the air, or any rarer medium. Alfo the 
incident on B, at the fame diftance frort the vertex C, 
will converge 10 the fame place T, togctlier with all thc^ 
intermediate. parallel rays*. 



Since therefore rays are made to converge when they 
pafs either from a rarer or a denfer medium terminated 
by a convex furface, and converge again when they pafs 
from the fame medium convex towards the rarer, a lens 
which is convex on both fides mufl, on both accounts, 
make parallel rays converge to a point beyond It. ThiiSr 
the parallel rays bttweeu A and B, falling upon 



the convex furfacc of the glafs AB, would in that denfe 
medium have converged to T ; but that medium being 
terminated by another convex furface, they will be made 
more converging, and be colle61ed at'fomc place F, 
nearer to the lens. 



Again, to explain the effefta of a concave glafs, lei 
AB DC the concave fide of a denfe medium, the centre 
of concavity being at E». In this cafe, DA will be re- 

fra^ed 
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framed totrardi the perpendicular EA; fo Hkewife 
will the raf incident it B | in coniequence of which 
they will diverge from one another within the denfe me- 
xJium. The intermediate ray$ will alfo diverge more 
or Icfs, as they recede from the axi« TC'; which, bc- 
’ ing in the perpendicular, will go ftraigfit ort. 
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If the raya he parallel within the denfe medium, they 
■wiU diverge when they pafls from thence into n rarer 
-jn^um, through a concave furfacc. F«r the ray DA 
will be refra^lcd from the perpendicular AE, as will 
ilfothc ray that is incident at B, together with all the 
intermediate rays, fn proportion to ihcir diflance froox 
the axis or central ray TC. 



Therefore, if a denfe medium, ti the glafa AB, he 
terminated by^ two concave furfaccs, parallel rayi pair- 
ing through \t will be made to diverge by both the 
fijTci of It. T^ui the firft furfacc AB will make them 
diverge « «f they had come from the point T j and 
M'lth the cffca of thefecond furfacc added to this, they 
wiU divert as from a nearer point, F, 

, iLr* I inveftigationj firft gave 

n dear explanation of the effcas of lenfes, in maLg 

the ravs of a penal of light converge or diverge. He 
ihcwcd that a plano-convex lens mSces rays, that were 
parallel to Ltf axis, meet at the diftance of the diameter 
ofthefpherc of convexity; but tliat if both fides of 
the lens be equally convex, the rays wQI have their fo- 
cus at the diftance of the radius of the ciiclc corre- 
fponding to that dewee of convexity. But he did not 
lAvcftigate any rule for the foci of lenfes uncgually con- 

» ^ medium, between the M belonging to 

the two different degree® of convexity. It is to Cavalaius 

As the fum of both the diameters is to one of them, fo 

hVnnr ^nd it is to 

are annfi u convex lenfes, 

re applicable to thofc that arc concave, with this dif- 

the 

*’ *’*• '''' 

Upon thi. principle it w« not difficult to find the 

Sthel'^ W °^7V'^re point in the „i, 

of the lens [ fince thofe that are parallel will meet in the 
fiieus i and if they ifliie from the fbem, they will be 
parallel on the other fide. If they iSb? ^2 . Jl>i« 


between the focus and the glafs, tlicy wiH edntmue to 
, diverge after paOing the lens, but Icfs than before j while 
thofc that come from beyond the focus, will converge 
after palling the glals, and will meet in a place beyond 
the oppofite focus. This philofopher particularly ob* 
ferved, that rays which iffuc from twice the diftance of 
the focii^s, wm'II meet, at the fame diftance on the other 
fide. 1 he moft important of thefe obfervations have 
been already illuftrated by proper figures, and from 
them the reft may be eafily conceived. Later optical 
writers have afligncd the diftanccs at which rays will 
meet, that iffue from any other place in the axis of a 
lens ; but Kepler was too much intent upon his aftro- 
nomical and other purfuits, to give much attention to 
geometry. But, from the whole, Montucia gives the 
following rule concerning this fubjed : As the excefs 
ot the diftance of the objed from the glafs, above the 
diftance of the focus, is to the diftance of the focus; fo 
js this diftance, to the place of convergency beyond 
the glafs. And the fame rule wifl find the point of 
divergency, when the rays iffuc mom any phee between 
the lens and the focus : for then the excefs of the dif- 
tance of the objed fiom the glafs, above that of the 
focus, 13 negative, which Is the fame diftance taken the 
contrary way. Montucia, vol. a, pa. 1 77. 

Ami from the principle above-mentioned, it will not 
he difficult to iinderftand the application of lenfes, in the 
rationale of telefcopes and micrufeopes. On thefe prin- 
ciples too IS founded the ftrudiirc of refrat^ing buruinir 
l^laffes, by winch the fun^s light and heat arc exceed- 
ingly augmented in the focus of the lens, whether con- 
vex or plano-convex; fince the rays, falling parallel to 
the axupit the lens, are reduced into a much narrower 
compafs ; fo that it is no wonder they burn feme bo- 
nome^a^ ^ produce other extraordinary phe- 

Inthc Plnlof. Tianf. vol. xvii. 96:), or the Abr. i. 
191, iJr. Halley gives an ingenious inveftigation of 
the foci of rays refradeJ tlirough any lenfes, nearly as 





b'* convex lens, C the centre of 

he learnt EB, and K the centre of the fegment EL} 
BL the thickncfs or diameter of the lent and D a 
point in the axis , it is requited to find the point F, or 
IriW «y8 proceeding from D lhaU be coU 

fcfted, after being refrafted through the lent u A and 

Sr™ vT if*' diftance 

K *''' '^dius CA or CB=r, and the ra. 

dm, Ka or KL=R • alfo the thicknef, of the leni 
’• 7 ^* and w ^ n the rat;o of the fine of the inHe of 

themfelve, ^rly, fince vew linall angle, are to 
«ttE other ID the fame ratio as ttor finct.® Hence 
at I, at the angle DAG or DAC, 
j . 7 “Pe HAG 0, MAC, 

nnd becanCe m this eaTe the fide, are a, theft opno. 

fee 
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fite «Qg1ei* therefore DC rDA i : 4DAC : 4C, 

or d i i m i which it » the 4C | 
it r 

from thii take n or the 4 MAC» 

« , . dm-^dn^rH . ^ ^ _ 

and there rcmtint *hc 4 Mr 


MA or MB, 

.= MA 


d'^t 

hence again 4 M 9 4 C : ; CA 

, . dm-^dn-^rn dm 

that It — 7 - *’ 77 ^ •• -■ ■ 

</Hhr r/*fr m-^n»d^nf 

or MB ; which /hews in what point the rays would be 
collected after one refraftion, viz, when nr is Icfs than 
m—n,d. But when nr is = m--^n,d^ the point 
would be at an infinite diftance, or the rays w'ul be 
parall el to the axis; and when nr is greater than 
w— « . di then MB is negative, or M falls on the other 
fide of the lens beyond D, and the rays dill continue to 
diverge after the firft refraflion. 

The paint M being now found, to or from which the 
rays proceed after the iidl refraction, and BM-BL 
being thus given, which call D, by a procefs like the 
former it foUowG that FL, or the focal diltance fought, 

is equal to r= = f. And here, inftcad of 


. D+wR 
D fubftituting MB - LB or 


mdr 


• — /, and 


m*^n»d —nr 

putting p for — , the fume theorem will become 
* m — n 

=/.■ 


(mpdr — ndt + ^ x R 


mdr 4 * ntd R — mbrK — ni —/»./// 4 nrt . 
the focal dliVance fouglft, in its moit general form, In- 
cluding the thicknefs of the lens ; being the univcrfal 
rule for the- foci of double c on vex.glafiej ex pofed to 
diverging rays* 

But if t the thicknefs of the lens be rtjcCted,..a8 not. 
fenfible, the rule will be much Ihorter^ 
pdrK 

VIZ, — ; —7- — =: f, 

dr 4 — /rR 

If therefore the lens con fill of glafs, whofe refraCtion 

is as 3 to 2, it will be 7 = / And if it 

dr 4 — 2 rK 

be of water, whofe refraCtion is as 4 to 3, it will be 

jj: rr = /. But, if the Icns could be made of 

< 6 ^ 4 ^/R — 3 fR 

diamond, whofe refraClion is as 5 to 2, it would be 
2 ^rR ^ 

3^/r 4 3i/K -- 2rR 

• If the incident rays, inflcaJ of diverging, be conf 
verging, the difiance DQ or d will be negative, and 
then the. theorem tor a double convex glafs lens will 
zdrK 2i/rR ^ , 

cafe therefore the focus is always on the other fide of 
the glafs. 

^ And if the rays be parallel, as coming from an infi- 
nite difiance, or nearly fo, then will d be negative, as 
well as the terms in the theorem in which it is found ; 
and therefore, the other term prR will be nothing in 
refpcCI of thofc infinite terms j and by omitting it, the 


theorem 

or for gl»f, —fi 

And here if r »R| or the two fidcs of the glafs be 
of equal convexity, this lafi will become barely or 

barely r «■/ the focus, which therefore is in the cen* 
tre of the convexity of the lens. 

If the lens be a menifeus of glafs; then, making d 
negative, the theorem is 

— idrR adrR 


— dr d R‘4- ar R 
for diverging rays, 

- tdrK 


-2rR 

idrK 

\ 4 r-dVi+ 7 ^. 


= / 


=/■ 


-</»■ + </R - jrR 
for converging rays, 

r^ R ~ parallel rays. 

If the lens be a double concave glafs, r and R will bh 
both negative, and then the theorem becomes 

^r "4" ^R 4 diverging rays, always negative; , 

^rfs^TITR =/f“rconverg:ng«y.,. 

and ■ parallel rays. 

And here, if the radii of curvature rand R be equal, 
thislaft will be barely r s=/for parallel rays falling 
on a double concave glafs of equal curvature. 

Laftly, when the le'ns is a plano-convex glafu; then, 
f being infinite, ihe theorem becomes 

; / for diverging rays, . 


d-2R 

idR 


= / for converging rays, . 


y + 2 R 
and 2R = / for parallel rays. 

The theorems for parallel rays, as coining from an 
infinite diftance, take place in the common refrading 
telcfcopes. And thofe for converging rays are chiefly 
of ufc to determine the focus refnltirig from any fort 
of lens placed in a tclefcope, between the focus of the 
obje^-glafs and the glafs itfelf ; the diftance between 
the faid focus of the objcft-glafs and the interpofed 
lens being n^e = — </; while thofc for diverging 
rays arc cfiie*of ufc in microfropcs, reading glallis, 
and other cafe's in which near objefts are viewed. 

It is evident that the foregoing geneud theorem 
will ferve to find any of the other circuinftanccs, as 
well as ih^ focus, by t^nfidering this as given. ^ Thus, 
for inftance, fuppofr It be required to find the diftance 
at which an objeil being placed, it fiiall by a given 
lens be reprefented as large as thc.objcft jlfclf ; which ; 
is of fingular ufe in viewing and drawing them,. by , 
tranfmitting the image through , a glafs : in < a /dark 
room, as in the camera obfeura, which gives no; .>only 
-the true figure and ftiajcs, but the colour:# thenjlelves as 
vivid as the life. Now lin thiscufcy is^ which makns 
the theorem become pdrR^ d*R—pdr)^, and 

thij; . 
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But if tli€ tw'O cowKi'tif* focus of a convex lens 


•ibis giVci 4 ' 

belong' to equal fpheres, fo as that r-^ R, then It Is 
' .4/ az/ff or » if when the lent js glafs. Soth^t lithe 
jObjea be placed jrt the di'araptcr of the fohtrc diihnt 
ifrotn the iens, then the focus will be as far dillant on 
tlic' other ftdc, and the iraagc as Ipr^e as tiie objea. 
But if the gUCn wcie a p/aijo-coiivex, the fame dif- 
^hce would be juft twice as much. 

Again, recurring to the fiift general theorem, in- 
cluding f, the (hiekuefa of the lens ; let the lens be a 
\\hole fphere ; then / — :»*, and r ^^.-R ; and hence the 

, , ifipdr— 2n^r— inpr"^ 

tlicorcm reduces to — ; — — • = f* 

' 2fja H’ 2 nr — wpr 

And hcic if d be' iuriiiltc, the theorem contrails to 

>»/> — ;;;i 2/; -Vi f 1 r T f 

— r or -- — — r := / ; or fur glals Ir 

3/1 2/;i — j« 

Ihcwlng that a fphere of glafs collcAs the fun’s rays at 
half the radius of the fjdicrc without it. And for a 
fphere of water, the focus is at the dlilancc of a whole 
jadius. 

For another example ; when a hcmlfpliere is expofed 
to parallel rays ; then d and K being infinite, and I—/*, 

the theorem becomes r, — — r = /, 

nt m^-'tnn 

That Is, in glafs it is }r, and in water 

Several other coroUaries may be deduced from the 
foregoing principles. As, 

in. That the thicknefa of the lens, being very 
fmall, the foqus will remain the fame, whether the 
one fiije or the other be expofed to the rays# 

ad. if a luminous body be placed In a focus behind 
lens, whether plano-convex, or convex on both 
fidcs} or whether equally or unequally fo ; the rays 
become parallel after refraillon, as the refrailcd rays 
become wliiit were before the incklent rays. And 
hence, by means of a convex lens, or a little glafs 
bubble full of water, a VC17 intenfe light may be pro- 
jeilcd to a great dillance. Which furnilhes us with 
the flruilurc of a lamp or laqtcrn, to throw an intcnle 
light to an immenfe diftance ; for a lens, convex on 
both Tides, being placed oppofitc to a concave mirror, 
if there be placed a lighted candle or w'ick in the com- 
mon focus of both, the rays reflc^lcd back from the 
mirror to the lens will be parallel to each other ; and 
after refraftion will converge, till they concur at the 
(diftance of the radius, after which they will again di- 
-verge. But tlie candle being likewiljyn the locus of 
the lens, the rays it throws on the leW will be paral- 
lel ; and therefore a very intenfe light meeting with 
another equally intenfe, at the di£iace of the dia- 
meter from the lens, the light will be furprifing ; and 
though it afterwards decrealc, yet the parallel and di- 
verging rays going a long way together, It will be 
very great at a great diftance# Lanterns of this kind 
arc of confidecablc fcrvicc in the night time, to difeover 
remote objc£l8 ; and arc ufed with fuccefs by fowlers 
and filhermcn, to collect their prey together, that fo it 
may be taken. 

If it be required to have the light, at the fam^ 
time, tranfmitted to feveral places, as through fevc- 
ral llrcets, See, the number ot lenfca and mirrors muil 
be mcrcafcd. 
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2d. Tl* image* 

-us of a convex lens; nor is .the focus I 


rays any thing.drc, in efR-a^ but the imag. of die 
fun inverted, lienee, in folaf eftipfes, the fun's image, 
eclipfed as it is, may be burnt by a large leas o", a 
board, &c, and exhibit# very enteruiningphenomeiran. 

4th. If a concave mirror be fo placed, as that an 
inverted’ image, formed by fefraiStion through a lensj 
be found between *the centre and the focus, or eve.n 
bt'yond the centre, it will a^vn be iiiTerted by re/lec- 
tion, and fo appear ered ; in the firtt cafe beyond the 
centre, and in tnc latter between the centre and the 
focus# And on thefe principles the camera obfeura is 
conftrudled. 

5th. The image of an obje£l, delineated beyond a 
convex lens, is of fuch a magnitude, as it would be 
of, werp the obje6l to ftiine into a dark room through 
a fmall hole, upon a wall, at the fame dillance from 
the hole, as the focus is from the lens. — When an 
object is le/s dlftant from a leui than the focus of 
parallel rays, the diftance of the imajre is greater than 
that of the objeft ; othervvife, the diftance of the image 
is lefs than that of the objei^t : in the former calc, 
therefore, the image is larger than the objed j in the 
latter, it Is lefs. 

When the images are lefs than the objeds, they 
will appear more (liftind and vivid; becaufe then more 
rays are accumulated into a given Ipace. But if the 
images be made gi eater than the objeds, they will not 
appear diftindly ; becaufe in that cafe there arc fewer 
rays which meet after refradion in the fame point ; 
whence it happens, that rays proceeding from different 
points of an objed, terminate in the fame poiift of an 
image, which is the caufc of confufion. Hence it 
appeals, that the fame aperture of a lens may be ad- 
mitted in every cafe, if we would keep off the rays 
which produce confufion. However, though the image 
be then more dillind, when no rays are admitted but 
thofe near the axis, yet for want of rays the image 
is apt to bedim. 

6th# If the eye be placed in the focus of a convex 
lens, an objed viewed through it, appears ered, and 
enlarged in the ratio of the diftance of the objed from 
the eye, to that of the eye from the lens, if it be near ; 
but infinitely if remote# 

7lh. An objed vie wed* through a concave lens, ap- 
pears ered, and dimlniftied in a ratio compounded of 
the ratios of the fpacc in the axis between the point 
of incidence, and the point to which an oblique ray 
would pafs without refradion, to the fpace in the 
axis between the eye and the middle of the objed ; 
and the fpace in the fame axis between the eye and 
the point of incidence, to the fpacc between the mid- 
dle of the objed and the point to which the oblique 
ray would pafs without refradion. 

Finally, ft may be obferved, that the very fmall raag- 
nifying glaflcs uied in microfeopes, moft properly come 
under the denomination of lens, as they radft apprpacli 
to the figure of the lentil, a feed of the veteb or pea 
kind, from whence the name is derived; but the reading 
glaffes, and burning glalTes, and all that magnify., come 
under the fame denomination ; for their Turfacea ai^e 
convex, although lefs fo# A drop of water is a lens, and 
it will ierve as one ; and many have ufed it by way of 

kna 
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lit liietr Initifpfcopef. A dfx>p of aoy trinlbi^t 
fluid, indofed bct^v«tI two concave gaffes, acquit the 
(bi^ of a len$, and Htit all iU properties. Tlie 
l ine humour of the eye ii a lens cxadlly of this kind ; it 
is ft fmall quantity of a translucent fluid, contained be- 
tween two ooncave and tranfparetit mcmbrtines, called 
the coats of the eye ; and it ads as the lens made of 
water v^ould do, in an equal degree of convexity* 

LEO, Lhtii a confiderablc conilcllation of the 
northern hemifpherc, being one of the 48 old conllel- 
lations, and the ^th fign of the ssodiac. It is marked 
thus Sb» a rude fltetch of the animal. 

The Greeks fabled that this was the Ncmaean lion, 
which had dropped from the moon, but being flain by 
Hercules, was raifed to the heavens by Jupiter, in com- 
memoration of the dreadful conflid, and in honour of 
that hero. But the hicroglyphical meaning of this fign, 
fo depided by the Egyptians long before the invention 
of the fables of Hercules, was probably no more than to 

a , by the fuiy of the lion, the violent heats occa- 
by the fun when he entered that part of the 
ecliptic. 

The rtars in the conftellation Leo, in PtoIomy*6 ca- 
talogue are ay.befides 8 unformed ones, now counted in 
later times in the conilcllation Coma Berenices, in Ty- 
cho’s 30, in that of Hevclius 49, and in Flamfteed’s 
9^ j rine of them, of the firll magnitude, in the breall 
of the I>ion, is called Regulus, and Cor Leonis, or 
Lion’s Heart. 

Lko M'mory the Lttlh Lion, a conllellation of the 
northern hemifpheve, and one of the new once ,that 
were formed out of what were left by the ancients, un- 
der the name of Stcllaj Informes, or unformed ftars, and 
added to the 48 old ones. It contains 53 ftars in Flam- 
lleed’s catalogue. 

Cor Leon IS, Lton*s heart, a fixed ftar, of the firft 
magnitude, in the fign Leo j called alfo Regulus, Bafi- 
lucus, &c. 

l.EPUfcJ, the Hare, a conllellation of the fouthern he** 
mifphcMe, and one ol the 48 old conlUllations. 

The Greeks fabled, that this animal was placed in the 
heavens, near Orion, as being one of the animals which 
he hunted. But it is probable their mailers, the Egyp- 
tians, had fomc other meaning in this hieroglyphic. 

The ftars in the conftcllalidn Lepus, ip rtolomy's 
catalogue aic 12, in Tycho’s 13, and ifi Flamllccd’s 19. 

LEUCIPPUS, a celebrated Greek philofophcr and 
mathematician, who ftourilhed about the 4a8th year be- 
fore Chrift. He was the firft author of the famous 
fyftem of atoms. and vacuums, and of the hypothelis of 
ilorms ; fince attributed to the moderns. 

LEVEL, an inftrument ufed to make a line parallel 
to the horizon, and to continue it out at pleafure ; and 
by this means to find the .true level, or the difterence 
of afeent or defeent between two or more places, for 
conveying water, draining fci.s, &c. 

There arc feveral inftrumcnla, of difTcrent contrivance 
and matter, invented for the perfe^ion of levelling, at 
may be feen in De la Hire’s and JPicaid’g treatifet of 
Levelling, in Biron’e treatife on Mathematical Inftru- 
ments, alfo in the PhiloG Tranf. and the Memoirs de 
4 ’ Acad. ^c. But they may be reduced to the follow 
ing kinds. 

, J^ 4 /ir-LEYit> that which fhewt the horizontal line 
'by means of a fuHice*of water or other fluid ; founded 

Voi.ll, 


on this {mntiple, that water ahi'oy* placet itfeh* level ut 
horitoptal. ■ ^ 

The moft liinple kind is made of along wooden trough 
or canal j which being equally filled with water, its far- 
face fhews the line of level. And this is the tjKoiobatci 
of the ancients, defcrlbed by Vitilivins, lib. viii. cap. 6. 

The water-level is alfo made with two cup^ fitted to 
the two ends of a ftraiglu pipe, about an inch diame- 
ter, and 3 or 4 feet long, by means of which the water 
'communicates from the one cup to tlie other; and this 
pipe being moveable on its Hand by means of a ball and 
locket, when the two cups ftiew equally full of water, 
their two furfaces mark tlie line of level. 

This inftrument, inftcad of cups, may alfo be made 
with two Ihof't cylinders of glaft^liree or four inches 
long, faftened to each extremity of the pipe with wax or 
maftic. The pipe is filled with common or coloured 
water, wliicli fhewsitfclf through the cylinders, by tnedu» 
of which the line of Level is determined'; the height of 
the water, with refped to the centre of the earth, being 
always the fame in both cylinders. This level, though 
very fimple, is yet very commodious for levelling fmnll 
diftances. Sec the method of preparing and ufmg a wa- 
ter-level, and a mercurial Level, annexed to Daiis’uqua- 
drant, for the fame purpofe, by Mr. Lcigli, in Philof. 


Iranf. vol. xl. .ily, or ;\br. viii, 362. 

.<f/>-LEVEL, tnat vvliieh lliews the line of Level by . 
means of a bubble of air inclofed with fomc fluid in a Sfin* 
glafs tube of an indeterminate lengtli and thick nefs, and ^ . 

having its two ends hermetically fealed : an iiwdition, ^ 
it is faid, of M. Thevenot. When llie bubble fixes itfelf 
at a certain mark, made cxadlly in the middle of the 
tube, the cafe or ruler in which It is fixed, is then level. 

When it is not level, the bubble will rife to one end,— 

This glafs-tube may be fet in another of brafs, having 
an apcrtui-e in the middle, where the bubble of air may 
be ooferved. — The liquor wu'tli which the tube is filled, ^ 
is oil of tartar, or aqua fccunda ; thofe not being liable ^ 

to fieezc as common water, nor to rarefaAion and con- ^ 
denfation asfpirit of wine is. 

There is one of thefe inftnimcnts with fights, being , 

an improvement upon that laft deferibed, which, by 
addition of other apparatus, becomes more ixadl and 
commodious It confills of an air-Lcvcl, n® 1, (fvt, r, 

Plate KIV) about 8 inches long,’ and about two thirds 
of an inch in diameter, fet in a brafs tube, 2, having aa 
aperture in the middle, C. The tubes are carried m a ^ 
llrong ftraigbt ruler, of a foot long; at the ends of which y 

arc fixed two %ht8, 3, 3, exaiflly pcrpendicnl.ir to th© 
tubes, and of an equal height, having a fquarc bole, 
formed by two fillets of brafs crofTing each otiier at light 
angles; in the middle of which is diillcd a very fmall 
hole, through which a point on a level wiili tlic infhu* 
mcn^ is feen. Tlie brafs tube L falleiicJ to the ruler by 
maans of two ferews; the one of which, marked 4, 
fmes to raifi^ or deprefs the tube at pkafurc, for bring- 
ing it towards u level. The top of the ball and fochet 
is xivetted to a fmall ruler that /prings, one end of which 
is faftened with fprings to the great ruler, and at the 
Other cud is a (crewg 5, ferving to raife and deprefs the ^ 
inftrument when nearly level. 

But this inftrument is.ftlll lefs commodious than the 


following one : for though the holes be ever fa fmall, 
yet they will ftill take in too gtxat fpacc to determine" 
the point of Level prcciftly, 

D P//. 
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Ftt. X, is a Ttlrfisfic s;skt, M invented 

by Wr* It is like the laft i with this diiie- 

rence, that tndead of plain fights, it carries a tcicfcopc, 
to determine exa^ily a point of Level at a confulerable 
didance. The ferew 3, is for raifing or lowering a little 
fork, for carrying the hair, and making it agree with 
the bubble of air wlicn tbc inlitnment is J^evcl ; and 
the fetew 4, is for making the bubble of air, D or E, 
agree with the tclcfc©pc. The whole is fitted to a 
ball and fotket, or otherwife moved by joints and 
fc.'ews.— It may be obferved that a telefcope may be 
added to any kind of Level, by applying it upon, or 
parallel to, the bafe or ruler, when there is occafion 
to take the level of remote obje^h: and it poflclTes 
ibis advuntagf, that it may be inverted by turning 
the ruler and telefcopc half round ; and if then the 
Iiair cut tlic fame point that it did before, the opera- 
tion isjuft. Many varieties and improvements of this in- 
ftrument have been made by the more modern opticians. 

Dr. Defaguliers propoled a machine for taking the 
difference of Level, which contained the principles both 
of a barometer and thermometer ; but it is not accu- 
rate in prafticc; Pbilof, Tranf. vol. xxxili. pa. 165,. 
or Abr. vol. vi. 271. E/g. 3, 4, 5, 6. 

Mr. Hadley too has contrived a Spirit Level to be 
fixed to a quadrant, for taking a meridian altitude at 
fea, when "the horizon is not vifjblc. See the deferip- 
'f' tlon and figure of it in the Philof. Tranf. vol. xxxviii. 
167, or Abr, viii. 357. VariouvS other Spirit Levels, 
and Mercurial Levels, arc alfo invented and ufed upon 
different occafions. 

Rffrfiing IuLVkl, that made by means of a pretty 
. long furfacc *of water, reprefenting the kime objeo: 
inverted, which wc fee eredl by the eye ; fo that the 
point where thefc two objedls appear to meet; is on a 
Level with the place where the uirkice of the water is 
found. This is the invention of M. Marioltc. 

There is another rtflcii^ing Level, confiiling of a 
polilhed metal nvrror, placed a little before the ob- 
glafs of a telefcopc, fulpetidcd pcipcndicularly. 
This minor muft be kt at an angle of 45 degrees; 
in whioli.4saftt the perpendicular line of the telefcopc 
becomes a horizontal line, or a line of Level. Which 
Isllit; invention of M. C.'’trini. 

Eoot-Ly vll, i*' in form of a fquarc (fig. 7), 

* having its two legs or brandies of an equal length ; at 
the jiim.^ion of which is a fmdl liolc, by which hangs 
a plummet playing on a pirpcndiculnr line in tfe mid- 
dle of .1 quadrant, which U divulsrd bcuth ways from 
that point into 45 degiee?. 

This Inllrnment may be ufed on other occafions, by 
placing tbe ends of its two branches on a plane ; for 
when the plummet plays pt*rpenclicular»y over the mid- 
dle divilion of the qundiant, the pi, me is then Level, 

^ To ufc it in Gunnery, place the two ends on the 
piece of artillery, which ivMy be laifcd to any pio- 
pofed height, by means of the plummet, which will 
cut the degree above the I^evtl. But this fuppofes the 
•utfidcofthc cannon is paiallel to its axis, which is 
not always the cafe ; ami thcicrore they ufe another 
inftniment now, eitlicr to fet the piece LiCvel, or 
elevate it at any angle; namely a frtiall quadj-ant, 
wuh one of its radii contiimco out prettv long, 
which bein^ put into the i&lide of the cyiindricai 
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bow, the plummet (hew the angle of eJeratfeB). Of 
tlie line of Level, See Gunner’fQv ads. akt. 

Cnrfxntrr’s, Bririlayer’i, or Pevior^s Le V8 l, con(j«at 
of a Jong ruler, in the middle of which is fitted at 
right angles another broader piece, at the top- of 
which is faffened a plummet, which when it hangs- 
over the middle line of tbe zd or Upright piece,. 
(Ik’ws that the bafe or long rukr is horizontal or Level, 
Fig. ft. 

Mafon*s Levhl, Is compofed of 3 rules, fo jointed^ 
as to form an ifofcclcs triangle, fomewhat like a' 
Roman A ; from the vertex of which is fufpended 
a plummet, which hangs direftly over a mark in tfic mid- 
dle gf the bafe, when this is horizontal or Level, Fig. 8*, 

Plumb or Pendulum Llvel, faid to be invented by 
M. Picard ; fig. 10. This (hews the horizontal line by 
means of another line perpendicular to that deferibed *• , 
by a plummet or pendulum. This Level confifts of two- 
legs or branches, joined at right angles, the one of 
which, of about 18 inches long, carries a thread and. 
lummet ; the thread being hung near the top of the 
ranchf at the point 2. The middle of the brancK, 
where the thread pafics is hollow', fo that it may hang 
free every where : but tow'ards the bottom, where 
there is a fmall blade of filver, on which a line is drawn 
perpendicular to the telefcopc, the faid cavity is cover- 
ed by tw'o pieces of brafs, with a piece of gkifs G, to 
fee the plummet through, forming a kind of cafe, 10 pre- 
vent the wind from agitati - the thread. The telefcopc, 
of a proper length, is fixed to the other leg of the in- 
ftruit»mt, at right angles to the perpendicular, and 
having a hair llrctcKed horizontally acrofs the focus 
of the objcdl'glafs, which determines the point of 
Level, when the (liing of the plummet hangs againil 
the line on the filver blade. The whole is fixed by a 
ball and focket to its (land. 

Fig.. 12, is a BJance Levbl ; which being fufpend- 
ed by the ling, the two fights, when in equilibrio^ 
will DC horizontal, or iii a Level. 

Sdtne other Levels are alfo reprefented in plate xiv, 

LEVEI LING, the art or at\ of finding a liiK pa-- 
rallel to the horizon at one Or more ftations, to deter- 
mine the height or depth of one place with refpeft to. 
another ; for laying ovit grounds even, regulating de- 
ffc'cnrs, draining moraffes, conducing water, &c. 

Two or more places are on a true level when they.* 
arc equally dillant from the centre ef the earth. Alfo' 
one place is higher tliaii another, or out of level with 
it, when it is farther from the centre of the earth ; • ' 
and a line cqiK'iIly dilhmt from that centre in. all its 
points, is called xhe line of true level. Hence, becaufc' 
the earth is round, tfvat line niiift be a curve, and 
make a part of the eaitl/li circumference,, or at leait- 
parallel to it, or concentrical witb 
It; as the line BCFG, w'hich has 
all its ])oints equally dilUnt from : /C\ 

A the centre of the caith ; con- 
ftderiiig it as a perfe^if globe* 

But the line of fi^lit BDE &c •// 

given by tbe operations of levels, :'/ 

18 a tangent, or a right line per- 
pehdiculaT to the femidiameter of 
the earth .at the point of contact 
B, rifiiig always higher above the true Kne of leveb. 

ibc* 
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tlie fart)^er the diftance is, is c^led the apparent lint 
of leveK Thus, rCD is the height of the apparent 
level above the true level, at thc^diftance BC or BD ; 
alfo BF is ihe <xccf8 of height at Fj and GH at 
G 1 &c. The difference, it is evident, is always equal 
to the eKccfs of the ftcant of the arch of diflancc 
above the radius of the eai*th. 

The common methods' of levelling are fufiicient for 
laying pavements of walks, or for conveying water to 
fmall diftances, Sic : but in more extcnfive operations, 
as in levelling the bottoms of canals, which are to con- 
vey water to the dilUnce of many miles, and fuch like, 
the difference between the true and the apparent level 
mud be taken into the account. 

Now the di/hrence CD between the true and appa- 
rent level, at any diflancc BC or BD, may be found 
thus: By a well known property of the circle aAC-f 
CD : BD i : BD : CD ; or becaufe the diameter of the 
earth is fo great with refpc^l to the line CD at all 
didanecs to which an (Operation of levelling commonly 
extends, iliat 2 AC may be fafely taken for 2 AC -f 
CD in that proportion without any feiidblc error, it 
will be 2 AC ; BD : : BD : CD which therefore i^ 
BD* BC* 

or nearly ; ,that is, the difference be- 

2/VC 2AC 

tween the tiue and apparent level, is equal to the 
fquare of the didance between the places, divided by 
the diameter of the earth ; and confequenfly it is al- 
ways pu<poitional to the Iquare ef the didance. 

Now the diameter of tiie earth being nearly 79^8 
miles ; if we fird take BC — i mile, then the gcxcefs 

becomes of a mile, which is 7*962 inches, 
2AC 7958 

or almod 8 inches, for the height of the apparent above 
the true level at the didance of one mile. Hence, 
proportioning the exceffes in altitude according to the . 
iqiiarcs of the didances, the following Table is obtained, 
the wing the height of the apparent above the true 
kvcl for every 100 yards of didance on the one hand, 
and fur every mile on the other. 


Did. 

Dif. of Bevel, 

or BC 

or CD 

Yards 

Inches 

100 

0‘026 

200 

0*103 

3C0 

• O'jfjl 

400 

0*41 1 

ioo 

0-643 

600 

0-915 

. 700 

j*26o 

800 

1-645 

9C0 

2 *o 8 i 

toco 

2*570 

1100 

3*1 10 

1200 

• 3 '/o» 

1300 

X400 

4*344 

5*038 

*500 

5-784 

i6oo ' 

6*580 

1700 

7*435 


Did. 
or BC 

L)lt. ot Level, 
or CD 

Miles 

Feet Inc. 

I 

0 0^ 

1 

0 2 

i 

0 

X 

0 8 

2 

2 8 

3 

6 0 

4 

10 7 

S 

i6 7 

6 

23 11 

7 ‘ 

32 6 

8 

42 6 

9 

53 9 

10 

66 4 

ii 

80 3 

12 

95 7 


J12 2 

H 

130. i 


By means of thefe Tables of redu^ions, we can now 


level to almod any didance at one operation, which the 
ancients could ift>t do but by a great multitude } fori 
being unacquainted with the corre£lion anfwcrinjj to 
any didance, they only levelled from one 20 yards to 
another, when they had occafion to continue the 
work to fome confiderahle extent. 

This table will anlVer feveral ufcfnl pnrpofts. Thus, 
fird, to find the height of the apparent level above the 
tine, at any diflancc. If the given didance be con- 
taiiK-d in the table, the corredion of level is found on 
the fame line with it : thus at the didance of 1000 
yards, the corredlion is 2*57, or two inches and a 
half neaily ; and at the didance of 10 miles, it is 66 
feet 4 inches. Hut if the exadl didance be not found 
in the table, tlwu multiply the fquare of the didance 
ill yards by 2*57, and divide by looooro, or cut off 
6 places on the 1 iglit for decimals ; the red arc inches ; 
or multiply the Iquare of the didance in miles by 66 
feet 4 inches, and divide by lOO, 2ndly,,To find the 
extent of the vifihle horizon, or how far cait be feen 
from any given height, oa a horizontal plane, as at fea, 
ficc. Suppofe the eye of an obferver, on the ton of 
a diip^s mad at fta, Ire at the height of 130 feet above 
the w'atcr, he will then fee about 14 miles all around. 
Or from the top of a cliff hy the fca-fide, the height 
of which is 66 feet, a perfoii may fee to the didance 
of, near 10 miles on the fnrfuce of the fea. Alfo, when 
the top of a hill, 01 tlic light in a lighthoufc, or fucli 
like, whofc height is 130 feet, fird comes into the 
view of an eye on board a fliip ; the tabic (hews that 
the didanoc of the diip from it is 14 miles, if the eye 
beat the furfacc of ilie water; but if the height 6f 
the eye in tha fhip be 80 feet, then the ^ didance 
will be ir.crcafcd by near 1 1 miles, making in all about 
25 miles, didance. 

3dly, Suppofe a fpiing to be on one fide of a hill, 
and a houfe on an oppofitc hill, with a valley between 
them ; and that the firring feen from the houfe ap- 
pears by a levelling inltrurnent to be on a level with the 
foundation of the houfe, which fuppofe is at a mile 
didance from it ; then is the fprlng 8 Inches above tlae 
true level of the houfe ; and this difference would be 
barely fnlBcicnt for tlic water to be brouglTt in pipes 
from the fpring to the lioufe, the pipes being laid all 
the way in the ground. 

4th, If the height or diflancc exceed the limits of 
the table : Then, firft, if the dillance be given, divide 
it by 2, or by 3, or by 4, &c, till the quotient come 
within the diflanccs in the table; tlicn take out the 
height aiifwcrlng to the quotient, and multiply it by 
the fquare of the divifor, that is by 4, or 9, or 16, &c, 
for the height required : So if the top of a hill be jull 
feen at the didance of 40 miles; then 40 divided hy 
4 gives 10, to wdiich in the table anfwers 66i feet, 
which being multiplied by f6, the fquare of 4, gives • 
1061, ‘ feet for the height of the hill. But when the 
hciglit 18 given, divide it hy one of thefe fipiare num- 
bers 4, 9, 16, 2J, &c, till the quotient come within 
the limits of the table, and multiply the quotient by 
the fquare root of the divifor, that is by 2, or 3, or 4, 
or 5, &c, for the diflancc fought ; So when the top 
of the pike of Tenciiff, faid to Jie almofl 3 miles or 
i584ofect high, jud comes into view at fea; divide 
43840 by 225, or ih« fquare of 15, and the quotient 
Da 
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h 7^ ncMy ; to which in the tabic anfwcri, by pro- 
* portion, heaily lof miles; then muMplying loi by 
i^, gives 154 miles and % for the diuance ot the 
"hill. 

r Of the PraRict pf Levelling* 



The operation of Levelling is as follows. Suppofc 
the height of the point A on the top of a mountain, 
above that of B, at the foot of it, he required. Place 
the level about the middle dihance at IJ, and fet up 
pickets, poles, or llaffs, at A and B, where perfons 
mull attend with fignaU for Tailing and lowering, on 
tlic faid poles, little marks of pafteboard or other mat- 
ter. The level having been placed horizontally by the 
bubble, &c, look towards the ftaff AK, and caufe the 
perfoii there to raife or lower the mark, till it appear 
thiough the telcfcope, or fights, &c, at E : then mca- 
furc cxadlly the perpendicular height of the point E 
abo\e the point A, which fuppofc 3- feet 8 inches, 
fet it down in your book. Then turn your view the 
Other way, towards the pole B, and caufe the perfon 
there to raife or lower his mark, till it appear in the 
vlfual line as before at C ; and mcafuring the height of 
C above B, which fuppofc 15 feet 6 inches, fet this 
dow^i in your book alto, immediately above the num- 
ber of the fird obfervation. Then fubtrad the one 
from the other, and the remainder 9 feet 10 inches, 
will be the difference of level between A and B, or the . 
height of the point A above the point B, 

If the point D, where the inftrument is fixed, be 
cxaflly in tlic middle between the points A and B, 
;hcte will be no neccffity for reducing the apparent 
level to the true one, the‘vlfual ray on both tides be- 
ing raifed. equally above tlic true level. But if not, 
each height mud be corrcdlcd or reduced according 
to its dilTancc, before the one corrcdled height is fub- 
tradled fiom tlic other ; as in the cafe following. 



When the di dance is v^ry confidcrable, or irregular, 
fo that the operatIo;i cannot be cffcdled at once placing 
of the level ; or when it is required to know if there 
be a fufEcicnt dcfccnt for conveying water from the 
to the point B ; it will be ncceffary to per- 
is at fevend operations. Having chofen a pro- 
per place for the fird Nation, as at 1, fix a pole at the 
point A near the fpring, with a proper mark to Aide 
up and down it, as L and mcafure the diitance from 


A to I. Then Ae level being tti^ufted hi thcfoint 1 , 
let the mark L be raifed or lowered till it is feea 
through the telcfcope or fights of the level, and mea* 
fare the height AL. Then having fixed another pole 
at H, dircdl the level to it, and caufe the mark G to 
be moved up or down till it appear through the inftru- 
ment: then meafurc the height GH,'ana the diftancc 
from I to H ; noting them down in the book. This 
done, remove the level forwards to fome other emi- 
nence as E, from whence the pole H may be viewed, 
as alfo another pole at D ; then having adjuded the 
level in the point E, look back to the polrH ; and 
managing the mark as before, the vifual ray will give 
the point F ; then mcafuring the dl dance HE and the 
height HF, note them down in the bo(dc. Then, 
turning the level to look at the next pole D, the vi- 
fiial ray will give the point D ; there meafurc the 
height of p, and the diuance EB, entering tlicm in 
the book as before. And thus proceed from one Ra- 
tion to another, till the whole is completed. 

But all thefe heights mud be corrected or reduced 
by the foregoing table, according to their refpeftive 
didances ; and the whole, both didanceg and heights, 
with their corredloas, entered in the book in the fol- 
lowing manner. 
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Having fummed up all the columns, add thofe of 
the didanccs together, and the whole didance from. 
A to B is 4755 yards, or 2 miles and 3 quarters near- 
ly. Then, the fiims of the corredions taken from the 
fums of the apparent heights, leave the twocorrefted 
heights ; the one of which being taken from the other, 
leaves 5 feet I I’l Inc. for the true difference of level 
fought between the two places A and B, which is 
at the rate of an inch and half nearly to every 100 
yards, a quantity more than fufficient to caufe the 
water to run from the fpring to the houfe. 

Or, the operation maybe otherwife performed, thus: 
In dead of placing the level between every two poles, 
and taking both back-fights and fore-fights ; plant it 
fird at the fpring A, and from thence obfei^vc the level 
to the ftrft poJc ; then remove it to this poie, and ob- 
ferve the 2d pole ; next move it to the 2d pole, and ob- 
ferve the jd pole; and fo on, ficom one pole to another^, 
always taking foreward fights or obfervatlons only*. 
And then at the Uift, add all the correaed heights to- 
gether^ 
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jetlicf* and tlic fiim wiTl^bc tlic whole diffcpence of fc?cl 
louffbt. 

Dr. fialW Aiggefted t new method of levelliiig per^ 
formed whOUjr by means of the barometer, in wni^ 
the mercury is frami to be fufpended at fo much the 
Ic(s height, as the place is farther remote from the 
centre o? the earth ; and hence the different heights of 
the mercury in two places give the diffei^ncc of IcvcK 
This method is, in fad, no other than the method of mca- 
furing altitudes by the barometer, which has lately been 
fo fucccffifuUy pradlfed and perfeded by M, ue Luc 
and others ; but though it ferves very well for the 
heights of hills, and other confidcrablc altitudes, it is 
not accurate enough for determining fmall altitudes, to 
inches and parts. See the Barometrical Meafurement 
of Altitudes. 

Levkuhno Pohst or Staves, are inftrumcnts ufed 
in levelling, ferving to carry the marks to be obferved, 
and at the fame time to meafurc the heights of thofc 
marks from the ground. They ufually confifl each of 
two long wooden rulers, made to Aide over each other, 
and divided into feet and inches, &c. 

lever, a ftraight bar of iron or w’pod, &c, fup- 
pofed to be inflexible, fupported on a fulcrum or prop 
by a Angle point, about which all the parts are move* 
able. 

Tire Lever is the firft of thofe Ample machines 
called mechanical tonvers, as being the Ampleft of them 
all ; and is chiefly ufed for laiAng great weights to 
fmall heights. 



The Lever is of thi'eo kinds. Firft the common 
fort, where the weight intended to be raifed is at one 
end of it, our ftrength or another weight called the 
power is at the other end, and the prop or fulcrum 
is between them both. In (lirrlng up the Arc with a 

? oker, we make ufe of this Lever j the poker is the 
^cver, it refts upon one of the bars of the grate as a 
prop, the incumbent Arc is the weight to be over- 
come, and the preffure of the hand on the other end is 
the force or power. In this, as in all the other ma- 
chines, we have only to incrcafe the diftance between the 
force and the prop, or to decreafe ^hc diftance between 
the weight and the prop, to give the operator the 
greater power or effed. To this kind of Lever may 
alfo be referred all feiflars, pincers, {buffers, &c. The 
ftcel-yard and the common balance are alfo Levers of 
this kind. 



Q 

firthe Lever tfithe id kind the prop is at one endf* 
the fiwee or pewex. at the othcr^ and the weight to be. 


.u 'Lav 

mifed ie betwM them. lil kiflng « wateN 

. plug in the ftreets,«lie workman his iron l^r or 
Lever through the, ring or hole of the plug, till the' 
end of it reaches the ground Ak the other Ade ; 
then making that the prop, he lifts tlw plug with 
his force or ftrength at the other end of the Lever, 
In this Lever too, the nearer the weight is to the 
prop, or the farther the power •from me prop, the 
greater is the effeft . To this id kind of Lever may 
alfo be referred the oars and rudder of a boat, the 
mafts of a fhip, cutting knives Axed at one end, end 
doors, whofe hinges ferve as afulcrmn. 

In the Lever of the third kind, the power be- 
tween the weight and the prop ; fuch as a ladder railed 
by a man fomewhere between the two ends, to rear it. 
againft a wall, or a pair of tongs, &c« 
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It is by this kind of Lever too tliat tKe j^nfcular 
motions of animals arc performed, the nuifcles being 
inferted much nearer to the centre of motion, than the 
point where is^ placed the centre of gravity of the 
weight to be raifed ; fo that the power of the mufcle 
is many times greater than the weight it is able to 
fuftain. And in this third kind of Lever, to produce a 
balance between the power and weight, the power or 
force murt exceed the weight, in the fame proportioit 
as it is nearer the prop Uian the weight is } whereas 
• in the other two kinds, the power is lefs than the 
weight, in the fame proportion as its diftance is greater 
that is, univerfally, the power and weight are each of 
them reciprocally as their diftance from the prop ; as 
is’demonftrated below. 

borne authors make a 4lh fort of what is called 9, 
bended Lever j fuch as a hammer in drawing a nail, 
5 cc. 

In all Levers, the univerfal property is, that the 
effed of cither the weight or the power, to turn the 
Lever about the fulcrum, is directly as its intcJility 
and its diftance from the prr-, that w as cli, where d 
denotes the dlflance, and the inteiiAiy, ftrength, or 
weight, &c, of the agent.* For It is evident that at 
a double diftance it will have a double efic£^, at a tri- 
ple diftance a triple effett, and fo on f alfo that a double 
intcnfity produces a double effed, a triple a triple, and. 
fo on : therefore univerfally the effed is as di the pro • 
duft of the two. In like manner, if D be the diftance 
of another power or agent, whofe intcnfity is I, then 

DI the effect of this alfo to move the Lever. And 
if thefc two agents ad againft each other on the Lever,, 
and their offeSs be fuppofed equal, or the Lever kept 
In cquilibrio bv the equal and contrary effeds of thele 
two agents; then is DI = di, which equation refolvcs 
into this analogy, viz, D / J : I ; that is, the di- 
ftancci of the agents from, the prop, arc reciprocally 

•rr 
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•r invcrfelf *• their Intcpfitiei, or the power ia to the' 
weight, aa the diftance of the latter ia to the dldance 
of tne former. , 

Writer! on mechanics commonly demondrate thia 
proportten la a very abfurd manner, viz, by'fuppofing 
the Lever put into motion about the prop, and then in- 
ferring that^ bccaufe the momenta of two bodies are 
equal, when placed upon the Lever at. fnch didanecs, 
that thefc diftancea arc reciprocally proportion^ to the 
weights of tlie bodies, that therefore tills is alfo the 
proportion in of an equilibrium ; which is an at- 
tempt abfurdly to demonflrate a thing fuppoilng the 
contrary, that a body is at red, by fupponng it to be 
in motion. I fhall therefore give heie. a new and uni- 
vcrfal dcmonflration of tlie property, on the pure prin- 


When the two forces a<ft pcfpendfcu|*H]r ew th« 
Lever, aa two weights &c ; then, in cafe of an cqullU 
bvium, E coincides with P, and 1) with W ; and the 
diftancea CP, CW, taken on the Lever, or the dif* 
tancep of the power and weight, ♦from tl^e fulcrum, 
aie reciprocally proportional to the power and weight. 

Ill a llraight Lever, kept in equilibrio by a weight 
and power adling perpendicularly upon it j then, of 
thefc three, the power, weight, and prclTurc on the 
prop, any one is as the diftance of the other two. 

And hence too P-f W : P : : ED : CD , 
andP + W: W:: ED:CP; 
thxt is, the fum of the weights is to either of them, as 
the fuin of their diftances ia to the ditlauce of the 
other. 


ciples of reft and prefTure, or force 
only. I'hus, let PW be a lever, 

C tlie prop, and P and W any two 
furc'Ctt aAing on the lever at the 
points P and W, in the dlrcdtions 
PO, WO ; then if CE and CD 
be the pcipeudlcular diftances of 
the dircdlions of ihcfe force* from 
tlie prop C, it is to Ik* demon- 
ft rated that P : W : : CD : CK. 

In order to which join CO, and , ■>. 

draw CB parallel to WO, and CP parallel to PQ. 
Then will CO be the diredion of the pudfure on the 
prop, otherwife there could not be an cquilibiiimi, for 
the diret'tions of three forces that keep each other in 
rquilihiium, mull neccftarily meet in the fame point. 
And bccaufe any three forces that keep each other in 
equilibrium, are proportional to the tlncc Tides of a tri- 
angle formed bv drawing lines paiallcl to the direc- 
tions of thefc forces j therefore the forces on P, C, 
and W, arc as the three lines BO, CO, CB, which are 
in the fame direiflion, or parallel to them ; that is the 
force P is to the force W, as BO or its equal CF is 
to CB, But the two triangles CDF, CEB arc fimi- 
lar, and have their like Tides proportional, 
viz, CF : CB : : CD : CE j 
and bccaufe it was CF ; CB ; ; P : W ; 
therefore by equality P : W : : CD ; CE ; 
that is, each force is reciprocally proportional to the 
diftance of its direftlon from tne fulcrum. And it 
will be found that this demonftration will ferve alfo 




Alfo, If feveral weights P, Q^, R, S, Sec, a(ff on a 
ftialglit Lever, and keep It incqnilibiio ; then the fum 
of the prududbs on one fide of the prop, will be equal 
to tlie fum on the other Tide, made by multiplying 
each weight by its diftance from the prop ; viz, 
P . AC + O • BC R . DC + S . EC -f See. 

Hitherto tlic Lever has b^‘cn conlidcred as a mathe- 
matical line void of weight or gravity. But when 
its weight is conlidcred, it is to be done thus : Find 
the weight and the centic of gravity of the Lever alone, 
and then conlidcr it as a rnatlicmatical line, but hav- 
ing an equal weight fufpended by that centre of gra- 
vity ; and fo combine its cfTcd with thofe of the other 
weights, as above. 

Upon the foregoing principles depends the nature of 
fcales imd beams for weighing all bodies. For, if the 
diftances be equal, then will the W'cights be equal alfo ) 
which gives the conftrudlion of the common fcales. 
And the Roman ftattra, or ftccUyard, is alfo a Lever, • 
but of unequal arms or diftances, fo contrivrd that one 
w'cight only may fcive to weigh a great many, by Hid- 
ing it bactwaids and forwards to ilifFcrcnt diftances 
upon the longer arm of the Lever. Sec Balance, 


for the other kinds of Levers, by drawing the lines as 
ditedled. Hence if any given force P be applied to a 
Lever at A ; its effect upon the Lever, to turn it about 
the centre of motion C, Is as the length of the arm 
CA, and the fine of the angle of direCliou CAE. For 
the perp. CE is as CA X fm. Z. A. 

in any analogy, bccaufe the produ£l of the extremes 
is equal to that of the means ; ihciefore the produtl of 
the |>ower bv the diftance of its direftiou is equal to 
the pvodud of the weight by the diftance of iu direc- 
tion, Tliat is, P X CE = W X CD. 

Jfthc Lever, with the two w^eights fixed to it, be 
made to move about the centre C ; the momentum of 
the power will be equal to that of the weight ; and the 
weights will be reciprocally proportional to their velo- 
cities. 



See, 

Alfo upon the piinciple of the Lever depends al- 
moft all other mechanical powers and cfFciffs. See 
Whfel-asd-axle, Pulley, Wldcie. Scrfw, Sec. 

LEVITY, the privation or want of weight in any- 
body, when^ compared with another that is heavier ; 
and ill this'fcnfe it. is oppofed to gravity. Thus 
cork, and moft forts (if wood that float in water, have 
Levity with refpe6l to water, that is, are lefs heavy. 
The fchools maintained that there is fucli a'lhlng as pofi- 
tive and abfolute Levity ; and to this they imputed the 
rife and buoyancy of bodies lighter in fpecic than the 
bodies in which they rife and float. Put it is now well 
known that this happens only in confequeiicc of th^f hca- 
vicrand denfer fluid, which, by its fuperior gravity, gains 
the lowed place, and raifes up the lighter body by a 
force which is equal to. the difference of their gravi- 
ties. It was demonrtrated by Archimedes, that a folid 
body win float any where in a fluid of the fame fpecific 

gravity ; 
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» celebrated DntcK 
philofopher, was born at Delft in 1632 ; and acouired 
« great reputation thipbghout all Europe, by his cx- 
penments and di/coyCTiea in Natural Hillory, by means 
It? He particularly excelled in making 

gbfts for microfco^ and fpcaacles, and lie Nvas a 
member of moft of the literary focietlcs of Europe j to 
whona hefentmanymemoiis. TKofe in the Philofo 
phical rranfaaions, and In the Pan's Memoirs, extend 
, n°''®iltr7 volumes; the former weie exnadted. 
and publilhed at Leyden, in 1722. He died in 1721, 

at gi years of age. ^ 

^ glafs phial 

or jar, coated both within and without with tin foil, 
or fome btlier condiiamg fubftance, that it may be 
charged, and employed in a variety of ufeful and en- 
tertainmg expeiiments. Or even flat glafs, or any 
other lbapc, lo coated and ufed, has alfo received the 
fame denomination. Alfo a vacuum produced in fuch 
ajar, &cs has peen named the £r,Y/,« /--.icmm. 

C.’i 1? called, becaufc it is 

laid that M. Cunaeus, a native of Leyden, fiift con- 

Ke ' 74 S- toaccumu- 

B ' ‘n 'o'? of ' PT" ="<J "<■<• ft this way. 

But Dr.Pneft ey ainrts that this difcovery was fiift 
made by \ 0.1 Kleift dean of the cathedral In Camin; 

If however, thofe to 

Kleill s account v'iia communicated, could not 
Pf'^""',"? his expeiiments. The chief eir- 
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' T V- V ? mcfiis. X DC ciuct cir- 

fnThe wPlg ma£r^'' 

Pioleflor Mufi'chenbroek and' his friends, obferving 

atmofriI^r'^“^l ’“t''“’ 7^'" *hc common 

n-irttd f ” !"• “ ’■'P'*^" *'‘h ceiiduaing 

ilrih h"k ’’’ 'hat if the clcarified bo- 

ekrtit ,h ‘'"-"'f “I* hJes by original- 

elteliits, they might be capable of receiviivr a 

rwf 3. 'ctahiing it a longer tfme. 

mimnr moft convenient eledtric for this 

in d-fsbott/"^ ‘hefe experiments witli water 

matfe r f “ '""''‘‘"^hle difcovery was 

fri h l""*'"’ hiTPemng to hold bis glifs vef. 

nc hand, containrng water, which had i com 

S'";,' :S ;i‘ >"1"“ r-"^ ' ‘ 

ive 7 "t'm.r;h fr- the^wf^ef b‘/T 

ceivcd .5 much elee«lrieity .is the machine could itlve it 

arms' amUreaft’' 'tP "" ""«pctted fhock in Ills 
the fill) ir.^ . f!"’ f ,P‘'t'ment wa? repeated, and 

Ailamin 4 xf Hollanii by MelTrs. 

an M Mof- , by the Abb! Nollei 

and Rim^er • V" ^y Mtffrs. Grslalb 

bereafe^fr; « Gralatli contrived to 

ttale and r “'f^h o( the fhoele, by altering the 
wlainP 1 “ i hy charging fe- 

ro^cKth •"'h™ «hft I, 

to Jhll! T He likewife made the 

in^ ci Slrn'IS® of perlons connefled 

He X nh/ 4 ‘he infide of the phial, 

•kfo cWeived that a cracked phial would .ot re 
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difeovered what is, now called 

the Rfjtduum of a charge. 

Dr. Watfon, about this time, obferved a circum- 
ilance attending the operation of charging the phial, 
which, if purfiicd, might have led him to the difeoverv 
which was afterwards made by Dr. Franklin. He 
fays, that w hen the phial is wall elediificd, and youap« 
ply your hand .to it. you fee the hrc fiafli from the 
outfide of the glafs, wherever you touck it, and it 
crackles in your hand. He alfo obferved, tliat when 
a fingle wire only was faftened about a phial, properly 
filled with warm water, and charged; upon the in- 
nant of its explolion. the clcd^rical connfeations were 
Kcn to dart from the wire, and to illuminate the wa- 
ter contained in the phial. He likewife found that the 
ftroke, in the difeharge of the phial, was, caferis pari* 
busy as the points of conta£l of tlie non-cledrica of the 
outfidc of the glafs ; which led to the method of coat- 
uig glafs: in confequence of which he made experi. 
ments, from wlichcc he concluded, that the cfFcdl of 
the Leyden phial was greatly incrcafcd by, if not'chiefiy 
ovv'ing to, the number of points of non‘ele<flnc in con- 
tact within the glafs, and the dcnfity of the matter 
ol which thefe points confiftcd ; provided the matter 
was, m its own nature, a ready condiuf^orof eleftricity. 
He farther obfcTvcd, that the explofion was greater 
from hot water inclofcd in glafles, than from cold, and 
Hi» coated jars warmed, than when cold. 

• L * 746 » difeovered a method of giY- 

mg Ihuck to any particul.ir part of the body, with* 
out atfe^ing the reft. He alfo increafed the ftrcrrgth* 
ol tJie fhock by plunging the phial in water, which'* 
gave u a coat of water on the outlide as high as it was 
filled within. He likewife found, that the law of a> 
cumulution of the elcdric matter in the Leyden phiai, 
was aUvays in proportion to the thitmefs of the glafs, 
nic furface of the glafs, and ’that of the non-ckSrics 
in contact with its ontfide and infide. He made alfo 
»a variety of other experiments with the Leyden ohial, 
too longr here to be related. . 

Mr. Canton found, that when a charged phial was 
placed upon dearies, the wire and coating would give 
a Ipaik or two altcinatelv, and that by a continuance 
of the operation the phial would be difeharged ; though 
he did not obferve that thefe alternate fparL proceeded 
^om theiv^-o contrary ekaricitics diicxivered by Dr., 
rrankhn. ^ 

, made fcvcral experiments with 

this phial. He received a ftiock from one, out of 

r been cxhanllcd, and into wlia*h the 

end a his conduaor had been irrfcrtcd. Hcafciibcd 
the force of the glafs, in giving a ftiock, to that pro., 
perty of it, by which it retains it more ftrongly than 
conduaors do, and is not fo cafily diVelled of it as they. 

of tllL- 

tlcCtnc fhock on brute animals : and he enlarged the 
circuit of Its conveyance. 

M. Monnter, it has bci n faid, v/as the firft who dif- 
vered that the Leyden phial wouhl retain its clcaricity 
tor a confuKT.ibic time after It was charged ; and that 
intime of froft he found it continued for 3^ hours. 

It is rcmarkalilc too that both the French and Eng-* 
r P;V , fcvcral cxpcrimcntH, which, with’ 

a imall degree of atientiop, would have led them to the 
Oiicoycry of the diifcrciU qualities of the clcaricity on* 

the. 
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the contrary fidcs of the glaft. B..t thi. 
refervcd for the ingenious Dr. Franklin; who, n a- 
plaining the method of charging | 

^fcrvel that when one fide of the glafs is eKlriiied 
plus, orpofitivcly, the other fide is eleaufied iniinis, 
•or neeativciy: fo that whatever quantity ot nre u 
thrown upon one fide of the glafi, the (,ime quanlity 
in drawn out of the other ; and m an uncharged phut , 
none can be thrown fnto the inlhle, when none can In 
taken from the outfide ; and that there really no 
more dearie fire in the phial after it «s diargcd than 
before} itll that can he clone by charging, being only 
to take from one fide, and convey to the other. Vr. 
Franklin alfo obferved that glafs was not impervious 
fo cleftnclty, and that as the eqiiihbrnun coukl lut 
be rdiottd to the charged phid by any wtcrnal corn^ 
mnnlcatiLin, it muil nutffully be duin; l)y conditflori 
externally joining the inJulc anti the outilde. '1 h^le 
capital difeoveries he nuicle by obfcrviiig, that wlirii a 
phial wa.s cliarged, a cork ball fufpended by hlk, was 
attradlcd by the outfide coating, when it was rcptlled 
by a wire communicating with the iufide, and rittf 
wifct. but the truth of this principle appeared nioie 
evident, when he brought the knnb of the wire, com- 
municating with the outlidc coating, within a few 
inches of the wire communicating with the infuk* coat- 


ing, and fufpended a cork b dl between them ; for 
then the ball was attraded by them alternately, till the 
phial was difeharged. 

Dr. Franklin alfo (hewed, tliat when the pliial was 
charged, one fide loft exactly as much as the other 
gained, in reftoring the cquihbiiiim. Hanging a fine 
linen thread near the coating of an clcitrical phial, he 
(jhtl'rved that whenever he brought his finger near the 
wire, the thread was aitradted by the coating j for as 
the file was drawn from the inlule by touching the 
wire, the outfide drew in an equal quantity by the 
thread- He Ukewife proved, that the coating on one 
lide of a phial received juft as much eledlvicity, as was 
« mitlod from the difehavge of the other, and that in 
the following mannei : — He infulated his rubber, and 
ilitn hanging a phial to his couduftor, he found it 
could not bo charged, even when his hand was held 
conllanily to it j becaufe, though the cleilric hre 
might leave the outfide of the phial, there was none 
colledcd by the rubber to be conveyed to the infide. 
He then took aw-ay his hand from the phial, and. 
foiming a communication by a wire from tlie outfide 
coaling to the infulated rubber, he found tliat it was 
charged with cafe. In this cafe it was plain, that the 
very fame fire which left the outfide coating, was 
conveyed to the infide by the way of the rubber, the 
globe, the condiidlor, and the wire of the phial. This 
new theory of charging the Leyden phial, led Dr. 
If'ranklln to obferve a greater vaiiety of fafts, relating 
both to the charging and difeharging it, than other 
yliilofiiphtTS had attended to. And this maxim, that it 
takes in at one furface, what it lofes at the other, led Dr. 
F»-anklin to thipk of charging fcvtral phials together 
with the fame tn)uble,by conne^^ing the outfide of one 
with the infide of another ; by which the fire that was 
driven out of the firft would be received by thn fe- 
cohd, 3cc. By this means he found, that a great num- 
ber of jars might be charged with the • fame labour as 
•one -only ; and that they might be charged equally 
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high, wtix it not every item necciVef^the 
new fire, And lofes old, with fbitie relu6tance, or 
rather that it gives ibnae fmftW'refiftrffice t6 the charg- 
ing. And on this- principle he ftill couftnk£ted an 
electrical battery, 

V/hen Dr. Franklin firft began hfs experiments on 
the i.eyden phial, he imagined that the dearie fire 
was r.ll crowded into the fubftance of the non-eledric, 
in contafl with the glafs. But he afterwards found, 
that its power of giving a (bock lay in the glafs itfelf, 
and not in the coating, by the following ingenious 
ariniy/ii: of the phial. To find where the ftrength of 
the charged bottle Jay, having placed it upon a glafs, 
he fiill took out the cork and the wire ; but not find* 
ino- the virtue in them, Jic touched the outfide coat- 
ing with one hand, and put a finger of the other into 
the mouth of the bottle ; when the /hock was felt 
quite as iljong as if the cork and wire had been iti 
it. He then charged the phial again, and pouring 
out the water into an empty bottle which was infu- 
latcd, he cxpcifled that if the force refided in the wa- 
ter, it would give the fitock j but he found it gave 
none. Mo thcretbre concluded that the eledlric fire 
mull either Inve been loft in decanting, or mull re- 
main in the bottle ; and the latter he found to be true ; 
for, upon filling the charged bottle with frefit water, 
he tound the flioclc, and was fatisfied that the power 
of giving it refided in the glafs itfelf. The fame cx-^ 
perimeiit was made with panes of glafs, laying the 
coating on lightly, and charging it, as the water had* 
been before charged in the bottle, when the refiilt was 
precifely the lame. He alfo proved in other ways that 
the elcClric fire refided in the glafs. See Franklin’s 
Letters aiid Observations, &c, Alfo PrielUey’s Hift. 
of Eleftilcity, vol. i, pa. nji. Sic. 

From this account of Dr. Franklin’s method of ana- 
lyzing the Leyden phial, the manntr of charging and 
difcliarging it, with the reafon of the procefs, are cafily 
underftood. Thus, placing a coated phial near the prime 
conduiSlor, fo that the knob of its wire may be in con- 
tail with it ; then upon turning the winch of the 
machine, the index of the elcilrometer, E, fixed to the 
condnitor, will gradually rife as far as 90° nearly, and 
there reft ; whicn (hews that the phial has received ita 
full cliarge ; then holding the difeharger by its glafs 
handle, and applying one of its knobs to the outfide 
coating of the phial, the other being brought near the 
knob of the wire, or near the prime conductor which 
communicates with it, a report will be heard, and lu- 
minous fparks will he feen between the difeharger and 
the conducing fubftanccs communicating w’ith the fidc^a 
of the phial ; and by this operation the phial will be 
difeharged. But, inftead of ufing the difeharger, If a 
perfon touch the outfide of the phial with one hand, 
and bring the other hand near the wire of tlie phial, 
the fame fpark and report will take place, and a (hock 
will be felt, affc^ling the wrifts and elbows, and 'the 
breaft too when the (hock is llrong : a (hock may alfo 
be given to any fingle part of the body, if that part 
alone be brought into' the circuit. If a number of 
perfons join hands, and the firft of them touch the out- 
fide of the phial, while the lad touches the wire com- 
municating with the infide, they Will all feci the (hock 
at the fame time. If the coated phial be held by the 
wire, and the outfide coating be prefeoted to the prime 

condudlor, 
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eondn&or^ it w31 be charged as readily | but only w^ith 
this difference, that in this cafe the outfidc will be poll- 
tivc, and the infidc negative ; alfo if the prime con- 
du£b)r, by being conneaed with the rubber of the ma- 
chine, be elcdrificd negatively, the phial will be charged 
in the fame manner ; but the fide that touches the con- 
ductor will be electrified negatively, and the oppofitc 
lide will be cleiftrified pofitively. But, by infulating 
the phial, and repeating the fame procefs, the index of 
the eledromtter will foon rife to 90®, yet the phial will 
remain uncharged; bccdufe the outfidc, having no com- 
munication witii the cartli, &c, cannot part with its 
own electricity, and therefore the infide cannot acquire 
an additional quantity ; but wlitn a chain, or any other 
ccjiidutlor, conncCtu the outfidc of tlie phial with the 
lal le, the phial may be charged asbcfoie. Moreover, 
if a phial be iufuljted, and one fide of it, inllcad of 
being conue<;:^ed with the earth, be conneCied with the 
Hifnlatcd lubbtr, vvhilll the other fide communicates 
with the prime tonduCtor, the pliial will be expedi- 
tioufly charged ; becaufo that whilit the rubber ex- 
liaulls one fide, the other fide is fupplied l>y the prime 
CvindiH'for ; and thus the phial is charged with its own 
elediiclty ; or the natural eledric matter of one of its 
tides is tlius thiowii upon the otlicr fide. 'This lall ex- 
periment may be divcrfiiied by infulating the pliial, and 
placing It with its wire at the diilance of about half an 
inch fium the prime conduClor, and holding the knob 
of another wire at the fame diilance from its outfide 
floating ; then, upon turning the machine, a fpirkwill 
be oblervcd to pioceed from the prime condiidor to 
the wire of the phial, and another fpnrk will pafs at the 
fame time from the outlide coating to the knob of the 
wire prefented towards it ; and thus it appears th<it as a 
quantity of the elt dric matter is entering the infide of 
the pliial, an equal quantity of it Is leaving the dutfide. 
If the wire prefented to the outfidc of the phial be 
pointed, it will be fecn illuminated wuth a llai ; but if 
the pointed wire beconneded with the coating of the 
phial, it will appear illuminated witli a brufii of rays. 
See Charge^ FJuirical Shocl'j JCxp'^nmcnts^ 

Mr. Cavallo has deferibed the confirudion of a phial 
which, being charged by an cleClrical kite, in examin- 
ing the Hate of the tloiids, or in any other way, may be 
put into the pocket, and which will retain its charge for 
a confiderable time. A pliial of this kind has been 
kept In a charged Hate for lix weeks. iSee his Eledi icily, 
pa. 340. Many other curious expciirpents with the 
Leyden phial may befeen in the books above cited, as 
alfo in the volumes of the Philof. 'Pranf. and clfewhere. 
In this latt-raentloned woik, Mr. Cavidlo deferibes a 
nu'thod of repairing coated phials th.it have ciaiked 
by any means. He lirli removes the outfidc coating 
from the fradured part, and then makes it moderately 
hot, by holding it to the flame of a candle ; and whilll 
it remains hot, he applies burning fealing-wax to the 
part, fo as to cover the fradurc entirely ; obferving that 
the thicknefs of this wax coating may be greater than 
that of the glafs, Laftly, he covers all the fealing- 
w'ax, and alfo part of the furfacc of the glafs Ircyondit, 
with a compofition made with four parts of bees-wax, 
one ofrefin, one of turpentine, and a very little oil of 
olives ; this being fpread upon a piece of oiled filk, be 
applies it in the manner of a platter.. In this way fcvc- 
VoL. 11 . 


ral phials have been fo cffcduaDy repaired, that after 
being frequently charged, they were at laft broken by 
a fpontaneous difeharge, but in a different part of the 
glafs. Philof. rranf.'vol. 6S, pa. loi i. ' 

LIBRA, Balance t one of the mechanical powers. 
See Balavce. 

Libra is alfo one of the 48 old conflcllations, and 
the 7th fign of-thc zodiac, being oppofitc to Aries, and 
marked like a pait of a pair of fcales, thus £j. The 
figure of the b.ilauce was piobably given to this part of 
the ecliptic, bccaufe w'hcii the fun airivcs at this part, 
which is at the Imu* of the autumnal equinox, the days 
and nights are equal, ns if welglicd in a balance. 

The liars in this conllellntlon are, according to Pto- 
loiny ;7,Tyclio 10, Hevellus ::o, and I'lamdccd 51. 

Libra alfo denotes 'he ancient Rouian pound, which 
was divided into 12 unciic, or ounces, and the ounce Into 
24 fci’uples. Jt fcenis the mean weight of the fcnqile 
w.is ncaily eqcal to 17^ grains Troy, and conreqiiciuly 
the libra, or pound, 5040 grains. It was alfo the nanne 
of a gold coin, equal in value to 20 dcnaiii. See IHiilof. 
IVanf. vol. fit, pa. qfii. 

The French livre is derived from the Roman llbia, 
this being ufed in France for the proportions of their 
coil) till about the year 1 rco, their lols being fo pro- 
mirtioiKd as tint 20 of them were equal to the lihia. 
By degtccH it Ijccame a tcim of account, and every 
thing of the value of ?o fols was called a livre. 

LIBRATION, of ihc Moon^ is an apparent irregu- 
larity in Iicr motion, by which flic Ccems to lihivitc, or 
waver, about her own axis, one while towards the eafi, 
and again another while towards tlie well. See MoOn, 
and Fvection. Hence it Is that forne parts near the 
moon’s wellcrn edge at one time recede from the cen- 
tre of ihe dife, while thofe on the other or calteru lido 
approach nearer to ir ; and, on the contiary, at ano- 
ther time the wellern paits are fecn* to be nearer the 
ccntie, and the callcrn paits farther from it : by which 
^meaiis it happens that fome of thofe parts, which were 
before vifible, fet and hide thcmfelves in the hinder or 
invillhlo fide of the moon, and afterwards leiurn and ap- 
pear again on the nc.irer or vifible fide. 

This Libration of the moon was firft difeovered 
by Hevelius, in the year 1654} and it is owing to 
her equable rotation round her own axis, once in n 
month, in cor.jundion with her unequal motion in the 
perimeter of her orbit round the earth. For if the 
moon moved in a circh, having its centre coinciding 
with the centre of the earth, wliilll it turned on its axis 
in the precife time of its period round the earth, then 
the plane of the fame limai meridian would always pafs 
through the eailh, and the fame face of the moon 
would be conllantly and exadlly. turned towards us, 
Butlince the ical motion of the moon is about a point 
conliderahly dillant from the centre of the earth, that 
motion is very unequal, as feen from the cartli, the 
plane of no one meridian conllantly pafling through 
the eaith. 

Tlie Libration of the moon is of three kinds. 

I ft, Her libration in longitude, or a fetniing to-and- 
egain motion according to the order of the figns of the 
zodiac. This hbiation is notliing twice in each pe- 
riodical month, viz, when the moon is In her apogeum, 
and when in her perigeum ; for in both tlicfc cafes the 
£ plane 
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pu«c of her meridian, .vWcK i. tu'rned towards us, is di- 
.eflcd alike towards the earth. ^ 

mmpm 

periodical month, or nithcr wink the moon is > etui ^ 
Lnln to the fame polk ion, in rcfpcaofher ttodts. ^ 
^’id. There is alio n thud kind ofhbration ; by m Inch 
n happens that ahboutrh another part of the moon be 
not txally tmtuid to the earth, as in the former libra- 
tion, yet another is inumirisitcd by the fun. Forhnee 
the moon’s axis is nearly perpendicular to the plane of 
the ecliptic, when ihe is moft foutherly, in rclped of 
the north pole of the ecliptic, fomc parts near to it will 
be illuminuted by the fun} while, on the contrary ,*the 
fouth pole will be in darknefs. In this cafe, therefore, 
if the fun be In the fame line with the moon’s fouthern 
limit, then, as (he proceeds from conjunction with the 
fun towards licr afeending node, flic will appear to dip 
her northern polar parts a little into the dark hemi- 
fjjhcre, and to ratfe her foiithern polar parts as much 
into the light one. And the conliary to this will hap- 
pen two weeks aftcr^ while the new moon is defeend- 
ing from her northern limit } for then her northern po- 
lar parts will appear to emerge out of darknefs, and 
the fouthern polar parts to dip into it. And thisfeem- 
ing libratlon, or rather ihcfe effcdls of the foimcr li- 
bration in latitude, depending on the light of the fun, 
will be completed in the moon’s fynodical month. 
Greg. Allron. lib. 4, feCI. 10. 

LiBRATioN o/t/je Earth, is a term applied by fomc 
aftronomers to that motion, by which the earth is fo 
retained in Its orbit, as that its axis continues conftantly 
parallel to the axis of the world. 

This Copernicus calls the motion of lihraftorty ^hicY 
may be thus illuftrated ; Suppofc a globe, with its axis 
parallel to that of the earth, painted on the flag of a 
mail, moveable on its axis, and conftantly diiyen bvan 
call wind, while it fails round an Ifland, it is evident 
that the painted globe will be fo librated, as that its 
axis will be parallel to that of the woild, in cvciy fitua- 
lion of the ihip. 

LIFK- ANNUITIES, arc fuch periodical payments 
as depend on the continuance of fome particular life or 
hvts. They mny be diflinguiftied into Annuities that 
tornmeucc immediately, and fuch as commence at fomc 
liiruie pcr*od, called reverfionary lifc-annuiikt^ 

The value, or prtfent worth, of an annuity for any 
piopofed life or lives, it is evident, depends 00 two cir- 


cumftances, the Jntereft of moo^, ^ 
exoeaation of the continuance of life* the for- 

meronly, it his bccp fhewn^ under the artjde Ahnoj- 
TIPS depends the value or prffent worth of an annuity 
ccitain, or that Is not fubjea to the contmijance of a 
life or other contingency ; but the expcaation of hfe 
beinff a thing not certain, but only poffeffin^ a certain 
chance, it is evident that t^e value of the certain annuity, 
as Rated above, muft be diminifticd m proportion as the 
expcaancy is below certainty ; thus, if the prefent 
value of an annuity certain be anyfum, as fuppofe lool. 
and the value or expedancy of the life be then the 
value of the life-annuity wiU ^ only half of the for- 
iricr or col ; and if the value of the hfe be only j, the 
value of the life-annuity will be but { of lool, that 

;M?h6s.8d; and foon. rrrj 

meafurc of the value or expeaBncyof Iife,de. 
pends on the propoition of the number of perfons that 
die, out of a given number, in the time pi^poled ; thus, 
if 50 perfons die, out of 100, in any propofed time, 
then, half the number only remaining alive, any one 
perfon has an equal chance to live or die in that time, 
or the value of his life for that time Is i ; but if f of 
the number die in the time propofed, or only } remain 
alive, then the value of any one’s life is j ; and if of 
the number dk, or only t remain alive, then the value 
of any life is but i ; and fo on. In thefe proportions 
then mufl: the value of the annuity certain be dimi- 
nifticd, to give the value of the like life annuity. 

It is plain therefore that, in this bufinefs, it is necef- 
fary to know the value of life at all the different ages, 
from fome table of obfervations on the mortality of 
mankind, which may fliew the proportion of the per- 
Ions living, out of a given number, at the end of any 
propofed time ; or fiom fomc certain hypothefis, or af. 
fumed principle. Now various tables and hypothefes 
of this fort were given by the vriters on this fubjtd, 
as Dr. Halley, Mr. Demoivre, Mr. Thomas Simplon, 
Mr. DodfoD,Mr. Kerffeboom, Mr. Parcieux, Dr. Price, 
Mr. Morgan, Mr, Baron Maferes, and many others. 
But the fame table of probabilities of life will not fuit 
all places ; for long experience has fticwn that all places 
are not equally healthy, or that the proportion of the 
number of perfons that die annually, is diffeientfor dif- 
ferent places. Dr, Halley computed a table of the 
annual deaths as drawn from the bills of mortality of 
the city of Breflaw in Germany, Mr. Smart aad Mr. 
Simpfon fiom ihofc of I^ondon, Dr. Price from thofe 
of Northampton, Mr. Kcifteboom from thofe of the 
provinces of Holland and Weft-Friefland, and M. Par.* 
cieux from the lifts of the French tontines, or long an- 
nuities, and all ihcfe are found to differ from one ano- 
ther. It may not therefore be improper to infert here 
a comparative view of the principal tables that have 
been given of this kind, as below, where the firft co- 
lumn fhew-s the age, and the other columns the number, 
of perfons living at that age, out ol icoo born, or of 
the age o, in the hrii line of each column.. 


TABLE 
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Tliefe tables Hicw that the mortality and chance of 
life arc very various in different places; and that thcre- 
foic, to obtain a fufficient accuracy in tliis bufincfs, it 
is neccffaiy to adapt a table of probabilities or chances 
of life, to every place for which annuities arc to be 
calculated ; or at leaa one fetof tables for large towns, 
and anollicr for country places, as well as for the fup* 
pofition of different rates of intereft. 

Several of the foregoing tables, as they commenced 
with numbers different from one another, are here 
reduced to the fame number at the beginning, viz, 1000 
pcrlons, by vsliich means we arc enabled by infpedion, 
at any age, to compare the numbers together, and im- 
mediately perceive the relative degrees of vitality at the 
feveral places. The tables arc alio arranged according 
to the degree of vitality amongft them ; the Icaft, or 
that at Vienna, firft ; and the reft in their order, to 
the highert, which is the province of Vaud In Swit- 
zerland, The authorities upon which thefc tables de- 


pend, are as they here follow. The firft, taken from Dr, 
Pricers Obfervaiioni on Rcverfionary payments, is form- 
ed from the bills at Vienna, for 8 years, as given by 
Mr, Sufmilch, -in his Gottliche Ordnung ; the 2d, for 
Berlin, from the fame, as formed from the bills there 
for 4 years, viz, from 1752 to 1795 » the 3d, from Dr* 
Price, fhewing the true probabilities of life in London, 
formed from the bills for ten years, viz, from 1 759 to 
1768 ; the 4lh, for Norwich, formed by Dr. Price from 
the bills for 30 years, viz, from 1740 to 1769; the 
5th, by the fame, from the bills for Northampton j 
the 6th, as deduced by Dr. Halley, from the bills of 
mortality at Breflaw ; the 7th fliews the probabilities 
of life in a country parifh m Brandenburg, formed 
from the bills for 50 years, from 1710 to 17^9, as 
given bv Mr, Sufmilch ; the 8th Ihews the probabilities 
of life in the parifti of Holy-Crofs, near Shrewfbury, 
formed from a regifter kept by the Rev. Mr. Garfuch, 
for ao yearsi from 1750 to 1770; the 9th, for 

Holland, 
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Holland, was formed by M. Kerfleboom, from the rc- 
giftcrs of certain annuities for lives granted by the go- 
vernment of Holland, which had been kept there For 
125 years, in which the ages of the feveral annuitants 
dying during that period had been tnily entered ; the 
loth, for France, were formed by M. Parcieux, from 
the lids of the French tontines, or long annuities, and 
verified by a comparifon with the mortuary regifters of 
feveral religions houfes for both fexes ; and the l ith, 
or lad, for the ddlria of Vaud in Switzerland, was 


formed Price from the regiders of 41 pariihes 

given by Muret, in the Bern Memoirs for the year' 
1 766. ' 

Now from fuch lids as the foregoing, various tables 
nave been formed for the valuation of annuities on fin- 
gle and joint lives, at feveral rates of intered, in which 
the value is fhewn by infpcaion. The following arc 
thofe that are given byMr. Simpfon, in his SelcA Excr- 
ciles, as deduced from the London bills of mortality. 


r A B L E //. 


Sh.vh,s the Value of an Annuity on One l ife, or Number of Tear, Annuity in the Value, fuupojlns Money t» 
bear Interefl at the feveral Rates of j, 4, ami 5 per eent. 


Years , Years' 
value at j value at 
3 per cent. ' 4 per cent. 


Years I 
value at j Age. 
5 per cent. | 


! YeaVs^ * 
value at 
3 per cent. 


Years 
value at 
4 per cent. 


I Years 
value at 
3 per cent. 
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Shtwhi ihi V alu! of an Annuity fr Two foinl Ltva, that it, for at tong at they exi/l together. 


Age of 
Younger 

Age of 
Elder 


10 




20 


25 


So 


35 

10 

40 


45 


50 


55 


00 


65 


70 


75 


Vuluc aL 
] percent. 


V^Ue at 
4 per cent. 


Value at 
5 per cent. 


j Age of Age of 
lYoungei Elder 


Value at 

Value at 

3 per cent. 

4 per cent. 

10*8 

9*6 

lO* 3 

0-2 

r'l 

8*8 

9*1 

8'3 

8-5 

7-8 

7-9 

7-3 

7-2 

6-7 

6*5 

' 6‘ 1 

5*8 

5*1 

5*5 

4*9 

9*9 1 

8-8 

9*4 

8*5 

8*9 

8-1 

8*3 

• 7*6 

7*7 

7*1 

7*1 

6*5 

6-4 

6*0 

5*7 

5‘4 

5*0 

4-8 
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following probkins. 

Prop, i 


To fn.J tk ProlalUky or 

i-xoi*. 1. « J»‘“ J ij„^„ m king 

J20, w/uc/i /11CVVV9 that,. of 2/4 pex/ons who attain to 
tlie affc of 40, only 120 oi them reach the age or 5’5', 
and confcqucntly 94 diV Ixtwcxn the ages ofi^o and 
55 :• It is evident therefore that the odcis for attaining 
tlic propofed age of 55, are as 120 to 94, or aa 9 to 
7 nearly. 

Prob. 2. T'o Jind the Value nj an j 4 nnuify for a pro- 
pojed Life* — This problem is relolved from tab. 2, by 
looking again ll the given age, and under the propofed 
rate of inteicll ; then the correfponding quantity ihews 
tlie number of ycars-purchafc required. For example, 
if the given age be 36, tlie rate of intereft 4 per cent, 
and the propofed annuity L 250. Then in the table 
it appears that the vidiie is I2*i years purchafe, or 
12*1 times L250, that is F3025. 

After tlie fame manner the anfvvcr will be found in 
any other cafe falling within the limits of the table, 
lint as there may fometimes be occalion to know the 
values of lives computed at higher rates of iiitcielf than 
tluife in the table, the two following praftical rules 
are fubjoiiud ; by which the problem is refolvcd inde- 
pendent of tables. 

Rule 1. When the given age is not lefs than 45 
years, nor greater than 85, fubtra£l it from 92 ; then 
multiply the remainder by the peipctuity, and divide 
the produd by the faid lemaindcr added to 2\ times 
the perpetuity ; fo ihall the quotient be the number 
of years purenafe required. ^Vhe^e note, that by the 
perfyeiuiiy is meant the number of years jiurchafc of the 
fce-fimple ; found by dividing lOO by the rate percent 
at which intereft is reckoned. 

Ex, Let the given age be 50 years, and the rate df 
interetl 10' per cent. Then fubtra^fmg 50 from 92, 
there icinains 42 ; which mullipliedby 10 the peroe- 
tulty, gives 420; and this divided by 67, the remainder 
incrcakd by 2^ times 10 tbe perpetuity, quotes 6*3 
ncailvjfor the number of years purchafe. Therefore, 
luppofmg the annuity tube Lioo, its value in pre- 
fent i.ioiH V will be L630. 

Rule 2. When the age is between lo and 45^ years j 
take 8 tenths of what It wants of 45, which divide by 
the rate per cent incrcafed by i *2 ; then if the quo- 
tient be .uldcd to the value cf a life of 4J years, found 
by the pr eeding rule, there will be obtained the num- 
ber of yean, purchafe in this cafe. For example, let; 
the piopofcd .cge be 20 years, and the rate of mtereft 
5 per cent. Here taking 20 from^ 45, there remains 
25 ; of which is 20 ; which divided by 6*2| quotes 
3*2 ; and this added to 9*8, the value of a life of 
45, found by the former rule, gives 13 for the number 
of years purchafe that a life ot 20 ought to be valued 
at. 

And the conclufions derived by tbefc rules, Mr. 
Simpfon adds, arc fo near the true values, computed 


from real dbfervations, as feldom tO -differ from tlicnt 
by more than ,!, or Ctt Y'"’® pui-chafe. 

The obfervations here alluded to, arc thofe which 
are founded on the London , bill, of mortality. - And 
- a fimitar method of folution, accommodated to the 
Breflaw obfirvatfona, will be as follotlrs, viz. << Mul- 
tiply the difference bctvjeen .the given age and 85 
years by the peipetu/ty,-an<I divide the prodiid by 
8 tenths of the faid diffenence increafed by double the 
perpetuity, for the anfwtr.” Which, from 8 to 80 
ycai'S of agCf will cornwoply come w'lthin lefs thnn 
of a year’s puichufe of the trytli. 

FrIah. ' find the Value of an Annuity for Tw$ 
Joint f ives y that is y for as long as thty both continue'' in 
being together, — In table 3, lind the younger age, or that 
neareft to it, in column i, and the -higher age in 
column 2 ; then agalnll this lail is the numlier of 
years purchafe in the projper column for the iiitereH:, 
Ex, Siijipofe the two ages be 20 and 35 yeais ; then 
the value 

is 10*9 years purchafe at 3 per cent, 
or 9*8 - - at 4 pei cent, 

or 8*8 - - at 5 percent. 

Proh. 4. To fiA the lvalue cf rhe Annuily for the 
I.ongcll of T1U0 Lives f ihai id, for as long as either of 
them continues in being. — tn table 4, find tlie age of 
the youngeft Jife, or the ntareil: to it, in col. i, and 
the age of the elder in col. 2 ; then againil this lalL 
is the anfwcr in the propter column of iiitcieft. — Ec, 
So, if the two ages be 15 and 40 ; tlicn the value of 
the annuity upon the longdl of two fuch lives, 
is 21*1 years pui chafe at 3 per cent, 

or. 17*9 - - 4 per cent, 

or 15*7 - - 5 percent. 

N B. In the lall two problctns, if the youngrr age, 
or the rate of intereft, be not exa(!:Uy found in the 
tables, the neareft to them may be taken, and then 
by proportion the value for the true numbers will be 
nearly found. 

ilules and tables for the values of three lives, 5 cc, 
may alfo be I'cen in Sinipfon, and in Baron Mafercs’s 
Annuities, 5 :c. All thefe calciilntions liave been 
made from tables of the real mortuary regKlers, dif- 
fering unequally at the feveral ages. Brft rules have 
alfo been given upon other principles, as by De 
Moivre, upon the fuppofition that the decrements of 
life arc equal at all ages ; an affumptioii not much 
differing from tl#truth, from 7 to 70 yrars of age. 

JaF£-ANurrniFSt payable half-yearly ^ ^c, — Thefe are 
worth more thim fuch as are payable yearly, as com- 
puted by the foregoing rules and tables, on the two 
following accounts : Firft, that parts of the payments 
arc received fooftcrj and 2dly, there is a chance of re- 
ceiving fome part or parts ot a whole year’s payment 
more than when the payments are only made annual- 
ly. Mr. Simpfon, in hts Seled Exercifes, pa. 283, 
obferves, that the value of thefe two advantages put 
together, will always amount to i of a year’s purchafe 
for half-yem*!/ payraents, and to •} of a year's purchafe 
for quarterly payments; and Mr. Maferes, at page 
233 &c of his Annuities, by a very elaborate calcula- 
tion, finds the former difference to be ncarlv 4 aho* 
But Dr. Price, in an El&y in the Philof, Tranl, vol. 66, 

, P«' I€)9, 
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piu ird9, ftatci t^c fame dtifcrcncef only 
at for half-yearly paymentSf 

and for quarteriy payments : 

And the Do^r then adds feme algebraical theoremr 
for fiich calculations, 

JjiFE-ANNCiTiESj^tfr*/ 3 f Thcfc differ 

from other life-annuities only in this^ that the an- 
nuity is to be paid up to the veiy day of the death 
of the a^e in queftion, or of the perfon upon 
whofe life the annuity is granted. To obtain the 
more cxacSl value therefore of fuch an annuity, a fmall 
quantity muft be added to che fame as computed by 
Ae foregoing rules and obfervations, which is different' 
according as the payments are yearly, half-yearly, or 
quarterly, &c; and are thus ftated by Dr, Price in 
his Effay quoted above ; the addition 

is for annual payments, 

2n 

or — for half-yearly payments, 

4 « 

or ^ for quarterly payments s 
on 

where n is the complement of the given age, or 
what it wants of 86 years ; and y, y are the re- 
fpe^tivc values of an annuity eerM/n for n years, pay- 
able yearly, half-yearly,- or quarterly. And, by nume- 
ral examples, it is found that the "firlt of thefe additional' 
quantities is about -,^1 the fecund and the 3d half 
a tenth of one year’s piirchafc. 

Compitmni of Life. See Complement. 

Exitifation of Life. See Expectation. 

Infurance or AJftrancc on Lives. See Assurances 
on Lives, 

LIGHT, that pnnciple by which objefts are made 
perceptible to our fenfe of feeing j or the fenfation 
occafiontd in the mind by the view of luminous ob- 

The nature of Light has been a fubjeiff of fpccu- 
lation from the firft dawnings of philofophy. Some 
of the earlieft philofophers doubted whether objects 
became vifible by means of any thing proceeding from 
them, or from the eye of the Ipedtator, But this opi- 
nion was qualified by Empedocles and Plato, wlio . 
maintained, that vifion was occafioned by particles 
continually flying off from tli'e furfaces of bodies, 
which meet with others proceeding from the eye ; 
while the effect wjis aferibed by P^lklgoras folely to 
the particles proceeding from the external objc^^ls, and 
entering the pupil of the eye. But A rillotle defines 
Light to be the a6l of a tranfparent body, confidered 
as laach ; and he obferves tliRt Light is not fire, nor ’ 
yet any matter radiating from the luminous body, and* 
tranfmitted through the tranfparent one. 

’Hie Cartefians' ha^c refined confiderably ort this 
notion ; and hold that Light, as ft eRitts in tfie lumi- 
nous body^ it only a power or facult'y of' ef eking in ^ 
u» a very clear and nvid ' fenfation j or that it is an . 
invifible fluid prefent at all times and in all pl^ei« 
but requiimg to be ftt in motion, by a body ignited ' 
Of otherwife* properly qtmlified" to make obje^ vifible ’ 
to ut; 

i^ther Msdbhmche explaint the natoit of ‘Light ^ 
i ftippoftd' analogy bOtwe^rt it and fdUdd,*-^ 
Voi. 


Thur he aff the p«rt;t of t fdmmoos body 

are' in a nqfid motion, whicn, by vbry quick pulfest 
li cofiffaatly coinpreflihg« the fubtle matter between 
the himiitouf body and the eye, and excites^ vibia* 
dona of preffion. As thefe vibradofia are greater, 
the body appears more luminous ; and as- thev are 
quicker or (lower, the body is of this or that colour. 

But the Newtonians maintain, that Light is not a 
fluid /rr fci but confifts of a great number of very 
fmall particles, thrown off from the luminous body by 
a repulfivc power with an immenfc velocity, and in all 
diredliona. And thefe partic)eg, it is alfo held, are 
emitted in right lines ; which rcftilinear motion they 
preferve till they arc turned out of their path by feme 
of the following caufes, viz, by the attraction of feme 
other body near which tlicy pafs, which is called /«- 
fedton-; or by pafling obliquely through a medium of 
different denllty, which is calico refraSton ; or by being 
turned afide by the oppofition of feme intervening body, 
which is called refieQton j or, lallly, by being totally 
flopped by feme fubftance into which they penetrate, 
and which is called their A nicccflion of 

thefe particles following one another, in an exad 
ftraight line, is called Aravof Light / and this ray, in 
w’hatever manner its dlrcaion may be changed, whe- 
ther by rcfraiflion, reflection, or infledtion, ahvays pre- 
ferves a redtilinear courfe till it be again changed; 
neither is it pofliblc to make it move in the arch of 
o circle, cllipfis, or other curve. For the above pro- 
perties of the rays of Light, fee the fcveral Words, 
Refraction, Reflection, &c. 

The velocity^ of the particles and rays of Light is 
truly aftonifiiing, amounting to near 2 hundred thou- 
fand miles in ar fecond of time, which is near a million 
times greater than the velocity of a cannon-ball. And 
this amazing motion of Light has been manifefted in 
various ways, and firft, from tlie cclipfes of Jupiter'^s 
fatcllitcs. It was firft obferved by Roemcr, that the' 
♦cclipfes of thofe fatellites happen femetimes feoner, and 
femetimes later, than the times given by the tables 
x>f them ; and that the obfervation was before or after 
the computed time^ according as the earth was nearer 
to, of farther from Jupiter, than' the mean cliftiincc. 
Hence Rocmer and Caflini both coiuliulcd that this 
circumftance depended on the dillmw'c of Jupitei from 
the earth ; and that, to account for it, they muft 
fuppofe that the- Light was about 14 minutes in 
crofting {he earth’s orbit. Tin's coriclu/lon however 
was afterward abandoned and attacked by Caftini liin\f 
fclf. But Rocmer’s opinion foimd an able advocate, 
in Dr. Hiillcy ; who removed Cairini’s difticulty, and 
left Rofmer’s conclufion in its full fence. Yet, in a 
membir pyefe^nted to the Academy in 1707, M. Ma- 
raldl endeavoured to ftrengthen Caffihi’s arguments^ 
when •Roetper’s doftrine found a otbw defender 14 Mr. 
Poui^. . ®ce Fhilof. Tranfe number 136, alfo Abridg. 
vol. pg, 409 and 422, and Groves, Pliyf.- Jilcni. 
nuifiber 2636. It has fence been found, by repeafe^ 
experiments, t|iat when the earth is exactly between 
Jypiter ara the fun, his fatellites are fecn cclipfed 
abput SJ minutes yiw/er than they could be according, 

the^ tiblea I but when the earth 1t nearly in the , 
opppfete point of its orbit, thefe cclipfes happen about * 
Si ininutes later than the tables predid them, Heucc 
F thea 
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thra It 18 certain that the motion Light is not 
indantaneous, but that it takea up about i6^ minutes 
of time to pafs over a fpacc equal to the diameter of 
the c^th^s orbit, which is at lead 190 millions of 
miles in length, or at the rate of near 200,000 miles 

cr fecond, as above-mentioned. Hence therefore 

-ight takes up about minutes in palling from the 
fun to the earth ; fo that, if he Ihould be annihilated, 
we would fee him for minutes after that event 
Ihould happen ; and if he were a^in created, we 
fliould not lec him till 8-J minutes altei-wards. Hence 
alfo it is eafy to know the time in \^]iich Liglit travels 
to the earth, from the moon, or any of the other 
planets, or even from the fixed ftars when their didancca 
mail be known; thefc didances however are fo im 
menfely great, that fnim the neared of them, fuppofed 
to be Sirius, the dog-flar, Light takes up many years 
to travel to the earth : and it is even lufpefted that 
there arc many dars whofe Light have not yet arrived 
at us fince their creation. And this, byrthc-bye, may 
perhaps fometimes account for the appearance of new 
ftars in the heavens. 

It m^y be juft obferved that Galileo firft conceived 
the notion of meafuring the velocity of Light ; and a 
defeription of his contrivance for this purpofc, is in 
bis Treat ife on Mechanics, pa. 39. He had two men 
with Lights covered ; the one was to obferve when 
the other uncovered his Light, and to exhibit his own 
the moment he perceived it. This rude experiment 
was tried at the diftancc of a mile, but without fuc- 
cefs, as may naturally be imagined ; and the members 
of the Academy Del Cimento repeated the experi- 
ftient, and placed their obfervers, to as little purpofe, 
at the diftancc of 2 miles. 

But our excellent aftronomcr, Dr. Bradley, after- 
wards found nearly the fame velocity of Light as 
Rocmer, from his accurate obfervations,' and moft in- 
genious theory, to account for feme apparent motions 
an the fixed ftars j for aft account of which, fee 
Aberration of Light. By a long feries of thefc 
obfervations, he found the difference between the true 
and apparent place of fcveral fixed ftars, for different 
times of the year; which difference could no other- 
wife be accounted for, than from the progreflive mo- 
tion of the rays of Light. From the mean quantity 
of this difference he ingenioufly found, that tnc ratio 
of the velocity of Light to the velocity of the earth 
in its orbit, was as 10313 to i, or that Light moves 
10313 times fatter than the earth moves in its orbit 
about the fun j and as this latter motion is at the rate 
of miles per fccond nearly, it follows that the 
former, or the velocity of Light, is at the rate of about 
19^000^ miles in a fecond ; a motion according to 
which it will require juft S' y'' to move from the fua 
to the earth, or about 95 miUions of miles. 

It was alfo inferred, from the foregoing principles, 
that Light proceeds with the famp! velocity frdm all 
the ftars. And hcrtcc it follows, we fuppofc that 
all the ftars arc not equally diftant; from us, as many 
argumeMs prove, that the motion of Light, all the 
way it paffes through the immenfe Ipacc ^vc dur' 
atmofphcrs, is equable or uniform. And fince the 
different methods, of determining the vt*h>city of Light 
thus hgrec in the rcfult» it ii reidonaUc to conclude 


that, in the fame medium, Light is propagated wfth. 
the fame velocity after it has been refleaed, as before. 

For an account of Mr. Melville’s hypothefis of 
the different velocities of differently coloured rays, foe 
Colour. 

To the dodrine concerning the materiality of Light,, 
and its amazing velocity, feverid objedions have been 
made ; of which the moft confiderable is, That as rays 
of Light arc continually paffing in different direaions 
from every vifible point, they mull neceffarily interfere 
with each other in fuch a nj^nner, as entirely to con- 
found all diftind perception of objefts, if not quite ta 
deftroy the whole fenfe of feeing: not to mention 
the continual wafte of fubftance which a conftant 
emiffion of particles muft occafion in the luminous 
body, and thereby fince the areation muft have greatly 
diminilhed the matter in the fun and ftars, as well as 
increafed the bulk of the earth and planets by the 
yaft quantity of particles of Light ablorbed by them 
in fo long a period of time. 

But It has been replied, that if Liglit were not a 
body, but confifted in mere preffion or pulfion, it could 
never be propagated in right lines, but would be con- 
tinually infleAed ad umbram. Thus Sir I. Newton : 
“ A preffure on a fluid medium, i. c. a motion pro- 
pagated by fuch a medium, beyond any obftacic, 
which impedes any part of its motion, cannot be pro- 
pagated in right lines, but will be always infleding and 
diffufing itfelf every way, to the quiefeent medium 
beyond that obftacle. The power of gravity tends 
downwards ; but the preffure of water arifing from it 
tends every way with an equable force, and is propa- 
gated with equal eafe and equal ftrength, in curves, 
as in ftrait lines. Waves, on the furface of the water, 
gliding by the extremes of any very large obftacle, in- 
fled and dilate themfelves, ftill diffufing gradually 
into the quiefeent water beyond that obftacle. The 
wayes, pulfes, or vibrations of the air, wherein found ’ 
confilts, are manifeftly infleded, though not fo confider- 
ably as the waves of water j and founds are propagated 
with equal eafe, through crooked tubes, and through 
ftrait lines ; but Light was never known to move ia 
any curve, nor to infled itfelf ad umbram.’* 

It muft be acknowledged, however, that many phL 
lofophers, both Lnglifti and Foieigners, have recurred 
to the opinion, that Light confilts of vibrations pro- 
pagated from the luminous body, through a fubtic 
etherial medium. ^ 

The ingenious l5r. Franklin, in a letter dated April 
23 » ^75^9 expreffeshis diffatisfadion with the dodnM„ 
that Light confifts of particles of matter continually' 
driven off from the fun’s furface, with fo enormous ai 
fwiftnefs. “ Muft not, fays he, the ftnalleft portion 
conceivable, have, with fuch a motion, a force exceed- 
ing that of a 24 pounder difchaigcd from a cannon? 
Miift not the fun diminifti exceedingly by fuch a wafte 
of matter j and the planets, inftcad of drawing nearer 
' to him, as fomc have feared, recede to greater diftances 
through tbeleffcncd attradion? Yet thefc particles^ 
with tbVainaiing motion, wiSk not drive before thcro^ 
pr remove, the kaft and lligliteft daft they meet with ; , 
and the fun appears to continue of his ancient 4 ^>eo« 
fioBs, and his attendaotamofein their ancient orbitsl'* 
He tbercforc conjedpts that all the pbenonicBa o£ . 

Light 
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Light may more pro^rty foivcd, by fuppofmgatt 
rpace fUleid irkb a fubt& elaitic fluid) whic^ is not 
viilble when at reft, but which, by its vibrations, afters 
that fine fenfe in the eye, as thofe of the air affc£t 
the groffer organs of the ear ; and even that different 
degrees of the vibration of this medium may caufe the 
Mpearances of different colours. Franklin*! Exper. and 
Ubferv. 1769, pa. 264. 

The celebrated Euler has alfo maintained the fame 
hypothefis, in his Theoria Lucis & Coloruin. In the 
fuimnary of his areumeiits-againft the common opinion, 
recited in Acad. Berl. 1752, pa. 271, befides the ob- 
jections above-mentioned, he doubts the poffibility, 
that particles of matter, moving with the amaxing ve- 
locity of Light, ftiould penetrate tranfparcnt fubftances 
with fo much eafe. In whatever manner they arc 
tranfmitted, thofe bodies muft have pores, difpoled in 
right lines, and in all poffiblc diredtio»J8, to ferve as 
canals for the paffage of the rays :.but fuch a ftru£tiirc 
muft take away all folid matter from thofe bodies, and 
all coherence among their parts, if they do contain any 
folid matter. 

Doctor Horfiey, now Bp. of Rocheftcr, has taken 
confidcrable pains to obviate the difficulties llarted by 
Dr. Franklin. Suppoflng that the diameter of each 
particle of Light docs not exceed one millionth of one 
millionth of an inch, and that the denfity of each par- 
ticle is even three times that of iron, that the Light 
of the fun reaches the earth in 7', at the diftance of 
22919 of the earth’s femidiameters, he calculates that 
the momentum or force of motion in each particle of 
Light coming from the fun, is lefa than that in an iron 
ball of a quarter of an inch diameter, moving at the 
rate of lefs than an inch in 12 thoufand millions of 
millions of years. And hence he concludes, that a 
particle of matter, which probably is lai^cr than any 

article of Light, moving with the velocity of Light, 

as a force of motion, which, inftead of exceeding she 
force of a 24 pounder difeharged from a cannon, i^ 
almoft infinitely lefs than that of the fmallcft ffiot 
difchaigcd from a pocket piftol, qr lefs than any that 
art can create. He alfo thinks it poffible, that Light 
may be produced by a continual emillion of matter 
from the fun, without any fuch waftc of his fubftance 
as ftiould fenfibly contra^ his dimenfions, or alter the 
motions of the planets, within any moderate length 
of time. In proof of this, he obferves that, for the 
produflion of any of the phcnomeali of Light, it is 
not ncccffafv that the emanation from tte fun ffiould 
be continual, in a ftn£l mathematical fenfr, or with- 
out any interval ; and likewife that part of the Light 
which iffues from the fun,- is continually returned to 
kirn by refle£Uon from the planets, as well as other 
Light ,from the funs of other fyftcms. He proceeds, 
by calculation, to ftiew that m 585,i3o,cx>o years, 
the fun would lofc but the 1 3232^ part of bis matter, 
and coafequently of the gravitation towards him, mt 
any jpycn diftance i whlcb » «« ihcratioii much too 
fmauto, ffifeoveir itidf in the motion of the earth, or . 
of any of the plants. He far^ computes thftc t^ 
greateft ftroke ^hich the retina of a common eye ftif« 
taiij^ nrhen turned dire^y to the fun in a bright day, 
dhrii not exceed that whim would he given by an Iron 
qmutkr uf^ m iocb dia»4cri and mimog only 


at the rate of i 65 inches in a year; whereat the or- 
dinal^ ftroke is lefs than the 2084th part of this. 
Sec Philof. Tranf. vol. 60 and 61. 

In atifwer to the djfliculty refpe^ing the non-in. 
terfercncc of the particles of Light with each other, 
Mr. Melville obferves (Edinb, Eff. vol. 2), there is 
probably no phyfical point in the vHible horizon, that 
docs not fend rays to every other point, unlefs where 
opaque bodies interpofe. Light, in its paffage from 
one fyftcm to another, often paffes through torrents of 
Light iffuing from other funs and fyftems, without 
ever interfering, or being diverted from its courfe, 
either by it, or by the particles of that claftic medium, 
which it has been fuppofed by fomc is diffufed through 
all the mundane fpace. To account for this faft, he 
fuppofes tliat the particles of Light are incomparably 
rai-e, even when they are the moft denfe, or that their 
diameters arc incomparably lefs than their diftance 
from one another ; which obviates the objc£lion urged 
by Elder and others againft the materiality of Light, 
from its influence in cufturbing the freedom and per- 
ptetuity of the ccleftial motions. Bofcovich and feme 
others folve the difficulty concerning the non-interfer- 
ence of the particles of Light, by uippofing that each 
particle is endued with an infuperable impulfive force ; 
but in tin’s cafe, their fphercs of impulfion would be 
more likely to interfere, and on that account they 
be more liable to difturb one another. 

M. Canton ftiews (Philof. Tranf, vol. y8, p. 3<H)f 
that the difficulty of the iuterfcrence will vaiiifti, if m 
very fmall portion of time be allowed between the emif- 
fion of every particle and the next that follows in the 
fame direction. Suppofe, fot inftance, that a lucid 
point in the fun’s furface emits 150 particles in a fc- 
cond of time, which, he obferves, will be more than 
fufficient to give continual Light to the eye, without 
the Icaft appearance of intemuffion ; yet ftill the par- 
ticles of fuch a ray, on account of their great velocity, 
>will be more than 1000 miles behind each other, a 
fpace fufficient to allow others to pafs in all direfUoni 
without any perceptible interraption.- And if we 
adopt the conclufions drawn from the e^crimenti o« 
the duration of the fenfations excited by Light, by the 
chevalier D^Arcy, in the Acad. Scienc. 1765, wh® 
ftates it at the y tti part of a fccond, an interval of more 
than 20,000 miles may be admitted between every tww 
fucceffive particles. 

The doftrinc of the materiality of Light is farther 
confirmed by thofe experiments, which fticw, that the 
colour and inward texture of fome bodies are changol 
by being ejmofed to the Light. 

0/ thi Mmenium, up Force, of the Pariich of 
Some' writers have attempted to prove the materuOity 
of Liglit, by determining the momentum of tjirir com- 
ponent particles, or by ftlewii^ that they have a force 
fa as, by their Impulfe, to give motion to light bodies. 
M. Somberg, Ac. Par. 1708, Hiffi pa. ze, imagine^ 
that he coiua not only difperfe pieces of amianthus, 
and 6tber light fubftances, by the impulfe of the folar 
rar^ but alio that by throwing them upon the end of 
aLind of lever,’ connc^ed with the foring of a watch, 
hecoidd make ^ move fenfibly quicker ; from whicfai 
and other cxpmmeats, he inferred the weight of the ■ 
pihkks of Light. And Hartfoeckcr made preten- 
t2 
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floqs of tht fame nature. But M* Du Fay and M. 
Maiian made other cxpmmenta of a more accurate 
kind, without the cffc<^8 which the former had ima- 
gined, and which even proved that the efiefte mentioned 
by them were owing to currents of heated air produced 
by the burning gtalfes ufed in their experimeuts, or 
fume other caufes which they had overlooked. 

However, Dr. PrieiUey inform* ua, that Mr. Mi- 
chell endeavoured to afeertain the momentum of Light 
with ftill greater accuracy,' and that hi* endeavour* 
were not altogether without fuccef*. Having found 
tl»at the ioftruinent he ufed, acquired, from the impulfe 
of the rays of light, a velocity of an inch in a fccond 
of lime, he inferred tiiat the quantity of matter con- 
tained in the rays falling upon the inftrutnent in that 
time, amounted to no more than the 12 hundred mil- 
lionth part of a grain. In the experiment, the Light 
wa* coUeded from a furface of about 3 fquare feet j 
and as this furface relieved only about the half of what 
f(jll upon it, the quantity of matter contained in the 
folar ray*, incident ui^n a fquare foot and a half of 
furfacc, in a fccond of time, ought to be no more thai^ 
the iz hundred milbotith part of a grain, or upon one 
fquare foot only, the 18 hundred milbonth part of a 
grain. But a* the denfity of the rays of Liglit at the 
iurfacc of the fun, is ^yooo time* greater than at the 
earth, there ought to ifliie from a fquare foot of the 
fun^s furface, in one fecond of lime, the 40 thoufandth 
part of a grain of matter ; that », a little more than 2 
grain* a day, or about 4,7^2,000 grain*, which is about 
670 pouridi avoirdupois, m 6ooq year*, the time Cnee 
the creation ; a quantity which would have (hortened 
the fun’s fiemidiameter by no moxe than about 10 feet, 
if it be fuppofcd of no greater denfity than water only. 

Tlte ^a^a^on Of of any portion of Light,, 

ia lOOOQcdvah^c* Dr« Hook fhewathat it is aa unlimited 
a; the aiiiverfe t which he proves from the immenfe 
difti^ of many of the fixed ftar s, which only become 
vilGble to the qye by the beft tekfcopoi. Nor, add* he, 
are they oph the great bodies of ^ fmr or liars that 
ape, thus liable to difperfe tiwir Li^t through the va£b 
ca^nfe of the univerfc, but the toalleft Impark of a 
lupd body njuft do the lomej^cvctt th® fiualldi globule 
ll^ucJi: frofn a ftecl by a Hint. 

The IfUe^ty. of diffeient Liglits^ <w of the fame 
J^ight in diifTerent circumllauces, affiwds.a curiouafubf 
jeft of'lpeculation. M. Bougucr, TnwJt6 dc Optieme^ 
foin^that wh^ one Light i* from '6'at<fc8b timeaatfs 
ili^ auathcr,. ijts, prelhnce or abfrnce will, not be per* 
coived by m ordmgry tye^ that tjbe moon’s Lig^,. 
whch Ihc is 19® 16' high abo\'cr the horinon, is but 
abqut { of Light at 1 1/ hisH ; and when one 
tfauelind Uie horil^on, her Light was but tho' 
Light at ^ n" h%h p and tbaft 
hep/cff Ljghtis dhninilbii rn.the proportion ot% to Jtbf* 
trwrfiMg 7469; toifea of denfo am He aMb^ 
pf tho fun’s, dife wiQodfidewdly more- 
, Iqoiinoust than the ed^. of it:; wberetw bmk/tw pia*. 
imoyi andifftcondary, pWt# arc miore Uoninoos ot 
e^et than near thehvfseidw t That; &rthivp liwr 
about/ 300(000. that® fleeter them 
tin t of the mpqivt and .thcwifboe. itr » no- vtonderf tiiat 
J)hilqfophers.hav« hod fo lUdcihcoefa to theio attcJtoOla 
tib«> Light «&timmaattfwithhuuiuig^ 

# 


for, fhoidd one of the larceft Of thetrt eteh'inemfb Ilie 
Light 1000 times, k wffl ftill leave the Lf^t of tho 
moon in the foeos of the glafs, joo times lew than tho 
intenfity of the comtnOn Light of the fun. 

Dr. Smith, in his Optics, to!, i, pa. 29, thought he 
had proved that the I.ight of the full moon would' 
be only the 90,900th part of the full day Light, if no 
rays were loft at the moon. But Mr. Robins, in his- 
Tra^, vol. 2, pa. 22J, (hews that this is too great by 
one half. And Mr. Michell, by a more cafy and ac- 
curate mode of computation, found that the denfity 
of the fun’* Light on the furfacc of the moon is but 
the 45,oooih part of the denfity at the fun ; and that 
therefore, a* the moon is nearly of the fame apparent, 
raagnitiidc as the fun, if (he reflcfted’to u* all the Light 
received on her furface, it would be only the 4c, 000th 
part of our day Light, or that which we receive from 
the fun. Admitting therefore, wth M. Bmiguer, 
that the moon Light is only the 300,000th part of the 
day or fun’s Li^t. Mr. Michell concludes that the 
moon reflcA* no more than, between the 6th and 7th. 
part of what ihc receives* 

pr. Gravefande fays, a- lucid body is that which 
emit* or give* fire a motion in right lines, and makes 
the difference between. Light and heat to confift in this, 
that to produce the former,, the fiery prticles muft 
enter the eye in a reftilinear motion, which is not re*, 
quired in life latter : on the contrary, an irrcgnlar mo- 
tion feemi more proper for it, as appears from the rays 
coming dir«aiy from the fun to the tops of mountainit,. 
which have not neai- that effe6^ with thofe in the val- 
le7» agitated with au irregular motion, by fevehil rc^ 
fleaioue. 

Sir I. Newton obferres, that bodies and Light a^h 
mutually on one another ; bodies on Light, iij emit- 
ting, refieaing, refrafting, and infic£Hng it ; and Light 
on bodies, by heating them, and putting their parts. 
im<»* a vibrating motion, in which heat principally con- 
fift*. For all fixed bodies, he oMerves, when heated 
beyond a certain degree, do emit Light, and fhincj 
which fhiniug &c appears to be owing to- the vibwtiW 
motiou of their parts; and all hodies| aboimdiug hi. 
car^y and fulphureous particles, if fufftcfehtly agTm<id,| 
cmitrLighLwtiich way foevet that agitation bi^ effeCtfed. 
Thus,, f^ water fhines in a fitenn ; quickfilycr, whcrt 
fliaken in vacuo} cat* er horfes, when rubbed in tire 
dark ; and wood, and flcfh, when putrefied. 

Light protcedisJg from putrefeent animal ^d vegei.t 
table fubitanccs, a* >^’elfas froirr glow-worms, is men- 
tioned' by Ariftorfe. And Bartholin menriuns fbur 
kind® of luminott* infcA*^. two of which have wings 
but ia hot climate*- it ia faid» tbty* are found in mhch, 
gneater nuihbersi- aod of different fpccies. Columna. 
obfortes, that thcfr Light is'rtotextingniihcd'imm^dii 
ately on th® dtatii of tht amwal; The ftrft diftina^ac* 
count tlittt' Light .proceeding fk)m putrefeeat 

animat i» that which k g^n^ by Fabricius ab. 
Aquapwdeii^ in 1*5592, dbVifiptie «cc, pa; 4^. Audi 
Bmholin? gi^ an account op a fimilar appearance, 
whfeb ba|>pcite 4 *^ at^ Montpelier in%i64i, in ni* triaatifo- 
De Liw Animism. 

MS*. fptftdtaof'^piaoexsf ihi(dngT0t^ iMddl 

which was ex«hi^ifhcilvn* vaoto t bur upon it-adhtiCk 
tiag> agafojf and-IHone airlkfbfri; 

tboug^ 
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he eodd Mt percerre that ft was fncr^dM In 
^ndenfed air. , But w Birch's Hiftory of the Rb^ai 
Soc. rol, a, pa. 254, there is aa account of the Lfght 
of a (hining fiih, which was rcnd<;rc<l more vmd hjr 
patting thie fi<h into a condeniing engine. The fifn 
called Whiliri^ were thofe commonly ufed by 
Boyle in his ejqperimcnts : though in a difeourfe read 
before the R. Soc. in 1681, it was aflerted that, of all 
fi/hy fubftanees, the eg^s of lobfters, after they had 
been bothfd, flione the bnghteft. Birch’s Hift. vol. 2, 
pa, 70, In 1672 Mr. Boyle accidentally obferved Light 
ilfoing from flcih meat ; and, ambng other remarks on 
this hib'ied, he obferves that extreme cold extinguilhes 
the Light of rtiining wood ; probably becaufe extreme 
cold cheek a the putrefadion, which is the caufe of the 
Light. The fhell fifh called Pholas, is remarkable for 
its luminous quality, ^fho luminoufnefs of the Sea has 
been alfo a fubjcA of frequent obfei vation. See fyiis 
fifuus, Pho/phorufj and PutrefaSiofty 

Mr. Hawklbec, and many writers on the fiibjeft of 
rloftricity fince his time, have produced a great variety 
of inftances of the artificial prodiidion of Light, by 
the attrition of bodies naturally not luminous ; as of 
amber rubbed on woollen cloth in vacuo ; of glafs on 
woollen, of glafs 011 glafs, of oyllcr fhells on woollen, 
and of v^’oollcir on woollen, all in vacuo. On the feve- 
i*al expciiments of this kind, he makes thelV following 
fefledions : that different forts of bodies stlfbtd Light 
of various kinds, different both in colour and in force ; 
that tlic effe<$t3of an attiition are various^ according to 
the diffcient preparations and treatment of the bodies 
that are to endure it ; and that bodies which have 
yielded a particular Light, may be brought by fri^lioa 
to yield no more of that IJght. 

M. Bernoulli found 6y experiment, that mercury 
amalgamated with tin, and lubbed on glafs, produced 
a coufiderable Light in the air ; that gold rubbed on 
glafs, exhibited th^ faine in a greater degree ; but that 
the inoft exqiiifite Light of all was produced by tlic 
attrition of a diamond, this being equally vivid with 
that of a burning coal briddy agitated with the bellows. 
See EtncTRiCLfy, dec. 

Of the AtlraH\6n of Lt^ht^ That the particles of 
Light are attra^fed by thofe of other bodies, is evident 
from numerous experiments. This phenomenon was 
obferved by Sir I. Newton, who found, by repeated 
trials, that the rays of Light, in th^ii* pafTage near the 
edges of bodies, are diverted out of the rigm lines, and 
always irifk^Ied'Or bent towanls thofe bodies, whether 
they be opaque or tr^nfparent, as pieces of metals, tlie 
edges of knives, broken glafles, i\'c. See Inflection! 
and' Rays. The curious obfervations tliat had bCeft 
ib>de oh this fubjeft Sy Dr, Hook and Grirtialidi, led 
Sir L Newton to repeat and diveffify their experiments, 
^nd to purfue them mUch farther than they had dobe. 
Pbr a particular account of his Cxpirriment anc) ol^fer* 
fafjons, fee h is treatife on Optics, j^. 293^ kc.' 

l^iik of bodies on Light iburid t'p' ek^rt' 

ilfclf at i i^nfibt^ didapce, tHoUgh it alw&yi ip^eafes 
at the dlflaiice b dimlniHied $ as aj^aia' 
ih tKe pafn^e of A Ay' betWeeh the ed^i^ or twd tbm 
^«mee at m&erebt ab^wnes‘: wliich b afteiidiid wdi! 
ub peculiar' efreumna^^ fn$t tfi^, aCtr^toQ of one 
b i'Qticlifed ajr (if o^r b jC 


The rayi of Light, in their imflkge out of glafs into a 
vacuum, arc not only inileftcd towatds the dafs, but if 
they frli too obliquely, th^ will revert back agaih 
to the gb^s, and be totally redefltfd. Now the caufe 
of this refleftion cannot be attributed to any rcliftance 
of the vacuum, but muft be entirely owing to fomc 
force or power in the glafs, which attrafts or draws 
back the rays as they were pAlfing into the vacuum. 
And this appears farther from hence, that if you wet 
the back furface of the glafs with water, oil, honey, or 
a folution of qiiickfilvcr, then the rays which would 
otherwife have been refle^fed, will pervade and pafs 
through that liquor ; vvliicli fhewS that the rays are not 
refleiftcd till they come to that haejv furface of the 
glafs, nor even till they begin to go out of it ; for if,, 
at their going out, they fml into any of the aforclhid 
mediums, they will not then be refleded, but will per- 
fift in their former conrfe, the attraction of the glafs 
being in this cafe counterbalanced by that of the li- 
quor. 

M. Maraldi profecuted experfments /Imilar to thofe 
of Sir 1 . Newton on inflected Light*. And his obfer- 
vations chiefly rcfj)e<ft the inflection of Light towards 
other bodies, by which their fliadov^'s arc partially il- 
luminated. Acad. Paris 1723, Mtm. p. 159. See 
alfo Prieflley’s Hill. pa. 521 &c, s 

M, Mairan, without attempting the difeovery of new 
faCb, endeavoured to explain the old ones, by the hy- 
pothefis of an atmo^heie furronnding aH bodies | and 
confequently two rene^tions and refractions of Light 
that impinges upon them, one at tlic furfkt of the at- 
mofphere, and the other at the furface of the body it- 
fclf. This atmofohcrc he fuppofed to be of a variable 
dbnflty and refrawivc power, like the air. 

M. Du Tour fuccceded Mairan, and imagined that 
he could account for all the phenomena by 3 ie hc^ of 
an atmofphcre of an uniform denftty, bit of a lift rc- 
fraiStivc power than the air furrouhding all bodies.' 
Du Tour alfo varied the Newtonian experiments, aha 
difeovered more than three friftges ih the ColoUb pro- 
duced by the infleiftion of light. He ftrthir cohclUdes 
that the refraifting atmofpherci, fhrroutidirfh all kinds' 
of bodies, are of the fame flze j fdr when , ile uled. h 
great variety of fubllances, and 6 f different fifeis too, he 
always found coloured (treaks of the fame dlinenfions. 
He alfd, obferves, that his hybdthills contradlftsan ob- 
fervation of f>lr 1. Nev^tofl^ vlX, thai thofe rays arc the 
mod inflefted which phfs the nfareft t6 any body. 
Mem. de Math. Sc dc rh’yf. vOf, e, pa, 6'<0, or Priclt- 
ley’s Hid. pa. n I. 

M. Lc Cat found fhit objefls fohictimos appeal mag- 
nified by means of the ihflt,‘Aion of Ligbt| .Lining 
at a dfflant fte^le, when a wiri, of a fefi mamete^ tbanj 
the ptipil of hit iye, was hild prttty near if, apd’ 
dfa^ring it ft^ral times between that objea hrid' Sis 
he Wat furprifed to find tb’af every tinic' the wire 
Mf&d befcVe his iye, the frcenle fe<*nW to change its 
dntf fomtf hilft beyond the fldi^plk Teemed Jo mVc. 
feme mbtiOriVrafli as if a lent had bieh drawn be-' 
t^cil thicin' and" hit^eyd. Tins ihTcovdry led him td fe- 
othm dcbenditig on the ihfie^dn of the rays' of 
IjghV. Thufe, he as t^he head! 

fflfa pin, bV vi^wihg them through a (mall hole in x 
fo^twaf Hid Ayi whieS forme^J the imdge mult 

oecefTarily 
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tieceitn'lr circumference pf the hole, 

as to he Ittraaed by it. He exhibited alio other ap- 
pcarjncf^B of n fimllar nature. Traitor des Sens, pa. 299* 

PrwRley,'uhi fuprd, pn. ^ . 1 

Rtfii fllon and Rtfraaion of Light, From the mutual 
attia'etion between the particles of laight and other 
.bodies, ariTe two other grand phenomena, be/idcs the 
inflciftion of Light, which are called the refledlon and 
reflation of Li^ht. It is well known that the detcr- 
minution of bodies in motion, efpccially elallic ones, is 
changed by the interpofition of other bodies in their 
way : tliiis alfo Light, impinging on the furfacc* 
of bodies, ihould be turiictl out of its courfc, and 
beaten back or refleded, fo as, like other finking 


bodies, to make the angle of its refledion equal to the 
angle of incidence. This, it is found by experience, 
Light does j and yet the caufe of this effed is difFcrent 
from that juft now affijned ; for the rays of Light ar^ 
jiot refieded by linking on the very parts of the re- 
flcding bodies, but by fomc power equally difFufed 
over the whole furfacc of the body, by which it ads 
on the Light, either attrading or repelling it, without 
contad : by which fame power, in other circumftauccs, 
the rays arc refraded ; and by which alfo the rays arc 
firft emitted from the luminous bodyj as Newton 
abundantly proves by a great variety of arguments. 
See Reflection and Refraction. 


That great author puts it pall doubt, that all thofc 
rays which are refleded, do not really touch the body, 
tliough they approach it infinitely near ; and that thofc 
which ftrike on the paits of folid bodies, adhere to 
tlicm, and arc as it were extinguilhed and loft. Since 
the refledion of the rays is aferibed to the adion of 
the whole furfacc of the body without contad, if it be 
a/ked, how it happens that all the rays arc not refleded 
from every furface ; but that, while fomc arc refleded, 
others pafs through, and arc rcfhidcd ? the anfwcr 
^ven by Newton is as follows ^Every ray of Light, 
tn pafTage through any refrading furface, is put 
Into a certain tranficnt conftitution or ftate, which in 
the progrefs of the ray returns at equal intervals, and 
difpofes the ray at every return to be cafily tranfitiittcd 
through the next refradit^ furfiicc, and between the 
Tetums to be cafily tefledejby it : which alteration of 
refledion and tranfiniffion it appears is propagated from 
every furface, and to all diftanccs. What kind of ac- 
tion or difpofition this is, and whether it confiils in a 
circulating or vibrating motion of the ray, or the me- 
dium,' or fomething efle, he does not enquire ; but al- 
lows thofc who are fond of hypothefes to fuppofe, that 
the rays of Light, by impinging on any refleding or 
refrading furface, excite vibrations in the refleding or 
refrading medium, and by that means agitate the lolid 
jiarts 6f the body. Thcle vibrations, thus produced in 
tne medium, move failer than tlie rays, fo as to over- 
take them i and when any ray is in that part of the 
vibra|(ion which confpirei with its motion, its velocity 
is inCreided, and fo it cafily breaks through a refolding 
furface ; 1>ut when it is in a contrary part of the vibra- 
tion, which impedes ita motion, it is cafily refleded; 
«nd thus every ray is fucceflively difpofed to be cafily 
refleded or tnmfmitted by every vibration which meets 
it. Thcfc returns in the difpofition of • any ray to ^ 
reflededi he calls //t of etfi r^/feffkni Md the rctHirDa 


in the difpofulon to he ttaafadtt^ ht ca^s ^ tojlr 
trankillion ! alfo the fpace between, the returns,^. 
tJal of theft,. Hence then the ieafon »rhythe 
faces of all thick tranfparent bodies reflect part of thp 
Light incident upon them, and refrad the reft, is ^at 
fomc rays at their incidence arc in fits of cafy refledion^ 
and others of cafy tranfmiflion. For the profertla of 
rtf t^ed Light, fee Reflection, Mirror, &c. 

Again, a ray of Light, palling out of one medium 
into another of different denfity, and in its paffage 
making an obUque angle with the furface that feparatei 
the mediums, will be refraded, or turned out of its 
diredion ; becaufe the rays arc more ftrongly attraded 
by a denfer than by a rarer medium. That thefe rays 
are not refraded by ftriking on the folid parts of 
bodies, but that this is effeded without a real contad. 
and by the fame force by which they arc emitted and 
refieded, only exerting itfelf differentlv in different cir- 
cumftanccs, is provediii a great mcaiurc by the fame 
arguments by which it is demonttrated that refledion 
is performed without contad. See Refraction, 
Lens, Colour, Vision, &c. 

LIGHTNING, a large bright flame, fliooting 
fwiftly through the atmofphere, of momentary or very 
Ihort duration, and commonly attended with thunder. 

Some philofophers accounted for this awful natural 
phenomenon in this manner, viz, that an inflamma- 
ble fubftiqi^e is formed of the panicles of fulphur, 
nitre, and other combuftibic matter, which are exhaled 
from the earth, and carried into the higher regions of 
the atmofphere, and that by the collifion of two clouds, 
or othcrwife, this fubftance takes fire, and darts out 
into a train of Light, larger or fmaller according to 
the ftrength and quantity of the materials. And others 
have explained tlie phenomenon of Lightning by the 
fermentation of fulphurcous fubftanccs with nitrous 
acids. Sec Thunder. 

But it is now univerfally allowed, that Lightm*ng is 
really an cledrical cxplofion or phenomenon. Phflo^ 
fophers had not proceeded far in their experiments and 
enquiries on this fubjed, before they perceived the ob- 
vious analogy between Lightning and cledricky, and 
they produced many arguments to evince their fimi- 
larity. But the method of proving this hypothefis be- 
yona a doubt, was firft propofed by Dr. Franjdin, 
who, about the clofc of the year 1 749, conceived the 
pradicability of drawing Lightning down from the 
clouds. Various circumltanccB of refcmblance between 
Lightning and eledricity were remarked by this inge- 
nious philofopher, and have been abundantly confirmed 
by later difcovcrics, fuch as the following ; Flafhes of 
Lightning arc ufually feen crooked and wavii^ in. the 
air ; fo the eledric fpark drawn from an iircguuu* body 
at fome diftance, ana when it is drawn by an irreguiar 
body, or throu^ a fpace in which the beft condudors 
are difpoM in an irregular manner, always exhibits the 
fame appearance; Lightning llrikes the higheft and 
moll pointed objjcds in its courfe, in oreifoence to 
others, ju biUil, trees, fpires, mails of mips, flee ; fg 
ifll jointed cpndudon receive and throw off the cledric 
fluid more readily than thofe that are terminated by 
flat fuHfaces ; Lightning is obferved to take and follow 
the readieft and Bell condudor ; and the lame ik the 
<^e with eledricity in riie difilharge of the JUeyden 
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]^ial j from wlicncc the do£lor Infers, that m a thun- 
det'florm, it would be fafcr to have one's cloaths wet 
than dry: Lightning bums, diflblves metals, rends 
fome bodies, foaictimcs ftriites perfons blind, deftroys 
animal life, deprives magnets of their virtue, or reveries 
their poles ; and all thelc arc well-known properties of . 
clc^ncity. 

But Lightning alfo gives polarity to the magnetic 
needle, as well as to all bodies that have any thing of 
iron in them, as hneks &c ; and by obferving after- 
wards which way the magnetic poles of thefe bodies 
He, it may thence be known in what diredion the 
ftroke paffed. Perfons arc fometimes killed by Light- 
ning, without exhibiting any vifible marks of injuty ; 
and in this cafe Sig. Beccana fuppofes that the Light- 
ning docs not really touch them, but only produces a 
fudden vacuum near them, and the air rufhing violently 
out of their lunjgs to fupply it, they cannot recover 
their breath again : and in proof of this opinion he 
alleges, that the lungs of fuch perfons are found flac- 
cid j whereas thefe are found inflated when the perfons 
are really killed by the ele£lric fliock. Though this 
bypothefis Is controverted by Dr. Prieftlcy. 

To demouftrate however, by adlual experiment, the 
identity of the ele<flilc fluid with the matter of Light- 
ning, Dr. Franklin contrived to bring Lightning from 
the heavens, by means of a paper kite, properly fitted 
up for the purpofe, with a long fine wire nring, and 
called an eltdrical kite, which he raifed when a thim- 
der-ftorm was perceived to be coming on ; and with 
the eledricity thus obtained, he charged phials, kindled 
fpirits, and performed all other fuch cledrical experi- 
ments as arc ufually exhibited by an excited glafs^obe 
or cylinder. This happened in June 1752, a month 
after tlie eledricians in France, in purfuance of the 
method which he had before propofed, had verified the 
fame theory, but without any knowledge of what they 
had done. The mod adivc of thelc were Meflrs. 
Dalibard and Delor, followed by M. Mazeas and M. 
Monnier. 

In April and June 1753, Dr. Franklin difeovered that 
the air is fometimes eledrified negatively, as well as fome- 
times pofitivcly ; and he even found that the clouds would 
change from pofitivc to negative cledricity fcvcral times 
in the courfc of one tliunder-guft. This curious Ad 
important difeovery he foon perceived was capable of 
being applied to pradical ufe in life, and in confe- 
qucnce propofed a method, which he foon accom- 
plifhcd, of fecuring buildings from being damaged by 
Lightning, by means of Conductors. See the 


Nor had the Englilh philofophcrs been inattentive 
to this fubjed ; but, for want 0/ proper opportunities 
" trying the neceflary expeinments, and from fome 


of trying the neceflary expeinments, and from fome 
other uiuavourable circumrfaDces, they had failed of 
fuccefs. Mr. Canton, however, fucceeded in Jnly 
1752; and in the following month Dr. Bevia and 
Mr. Wilibn obfrrved near the fame appearances as Mr. 
Canton had done before. By a number of experimenta 
Mr. Canton alfo ibon after obferved that fome doudt 
were in a pofitire, v^e fome were in a nc^ive lUtc of 
cledricity j and that the eledricity of his condudor 
would fometimes change^ from one ftatc to the other, 
five or fix timet in left thui half an hour* 


But Sig, Beccaria difeovered thiV variable flatc of 
thunder emuds, before he knew that it had been ob* 
fsrvcd by Dr. Franklin or any other perfon j and he 
has given a very exad and particular account of the 
external appearances of thefe clouds. From the ohfer- 
vations of ms apparatus w ithin doors, and of the Lights 
ning abroad, he infened, that the quantity of cledric 
matter in a common thunder ft orin, is inconceivably 
great, confidering how many pointed bodies, as fpires, 
trees, &c, are continually drawi^jg it off, and- what a 
prodigious quantity is repeatedly difcharged to or from 
the earth. This matter is in fuch abundance, that he 
thinks it impoflible for any . cloud or number of clouds 
to contain it all, fo as either to receive or difeharge it. 
He obferves alfo, that during the progrefs and increafe 
of the ftorm, though the lightning frequently ftruck to 
the earth, the fame clouds were the next moment ivady 
to make a ftill greater difeharge, and his apparatus conti- 
nued to be as much affeAcd as ever ; fo that the clouds 
muft liave received at one part, in the fame moment 
w^hen a difeharge was made from them in another, And 
from the whole he concludes, that the clouds ferve as 
conduflors to convey the eleftric fluid from thofe parts 
of the earth that are overloaded with it, to thofe that 
arc exhautted of it. The fame caufe by which a cloud 
is flrft raifed, from vapours difperfed in the atmofpherc, 
draws to it thofe that arc already formed, and ftill con- 
tinues to form new ones, till the whole collided roafs 
extends fo far as to reach a part of the earth where there 
is a deficiency of the clcdnc fluid, and where the elec- 
tric matter will difeharge itfclf on the earth. A chan- 
nel of communication bcirtg thus formed, a frefh fupply 
of eledric matter is raifed from the overloaded part, 
which continues to be conveyed by the medium ot th« 
clouds, till the equilibrium of the fluid is reftored be-* 
tween the two places of the earth. Sig* Beccaria 
obferves, that a wind always blpw^^^fi 
from which the thunder-cloud 
plain that the fuddeit ftOOtt 
digious quantity of 
repel i^on all fides. 
defeent of Lightning, 

of its afrent ; for it often of 

conduding b^es, and diffrflpPl^m &ng tili’erift 
ing medium, through whicvWluiift force its paflage ; 
and upon this principle the Ipngeft flaflios of L^htmng 
feem to be maae,*by forcii^mto its way part of the va* 
pours in the air. Qnc ofThc chief realons why thefe 


flafhes make fo long a rumlwiig, is that they are occa- 
fioned by the vaft length of a vacuum made by the paf- 
fage of the clcdric matter; for although the air col* 
lapfes the moment ifrer it has paffed, and that the vi- 
bration, on which the foimd depemU* commences at 


bration, on which the foimd depends, commences at 
the fame moment ; y^ when the flafh is direded towards 
theperfra who heart the report, the vibrations excited 
at the nekrer end ^ the track, will reacJi his car much 
fooner than thofe from the more remote end t anefthe 


foOnd wilh without any echo or repercuifion, continue 
tilt all the vibrations havefvcceflively reached him. 

How it happens that particular parts of the earth, 
or the clouds, cmf into the oj^fite ftatci of pofttive 
and negative dc^ricity, is a queftion not ubfolutely de» 
tei^ncd : though it is eafy to conceive that when par- ' 
tkukr clouds, ipr different parts of the earth, poflefs op* 

pofito 



pofite dcariciucs, » difcharge take place with 
a certain diAance; or the one u.ll ftnkc into the 
Other, and In the difcharge a dafb of Lightning 
flxn. Mr, Canton queries whether the clouds do not 
become poffeffed of ekdiicity by the gradual heating 
nnd cooling of the j/r; and whether air fuddenly rare- 
ned, may not give chef He tire to clouds and vapours 
paiVing through it, and air fuddenly condenfed receive 

ele^nc fire from them, Mr. Wilcke fuppofes, that 

the air contrads its electricity in the fame manner tliat 
fulphur.and other fuhflances do, when they are heated 
and cooled in contaCt with vurions bodies. Thus, the 
air being heated or cooled near the earth, gives elcCiri- 
city to tne earth, or receives it fioin it ; and the eleClri- 
fied air^ being conveyed upwards by various means, 
comniuDicates its electricity to the clouds. — Others 
have queried, whether, fince thunder commonly happens 
in a fultry ftate of the air, when it feems charged with 
fulphurcous vapours, the elcdric matter then in the 
clouds may not be generated by the fermentation of 
f}i]phureoui vapours with mineral or acid vapours in the 
air. 

With regal'd to places of fafety in times of thunder 
and Lightning, Or. Frfinkliii’s advice is, to fit in the 
middle of a room, provided it be not under a metal luf- 
tre fufpended by a chain, fitting on one chair, and 
laying the feet on another. It is ftill better, he fays, 
to bnng two or three mattrefles or beds into the mid- 
dle of the room, and folding them double, to place 
the chairs upon them j for as they are not fo good con- 
jdudors as the walls, the Lightning will not be fo 
likely to pafa through them : but the fafell place of 
all, 18 in a hammock hung by filken cords, at an equal 
cliftance from all the fides of a room. Dr. Prieftley 
obferves, tliat the place of moil perfed fafety muft be 
t)ie cellar, and efpecially the middle of it; for when a 

S ice of the earth, the Light- 
can poifibly reach him. In 
ty is within a few yards of 
[U Beccaria cautions per- 
0 much to the nciglibour- 
r condudov than their own 
y found that the Lightning 
z undivided track, but that 
bodies of various kinds condud their (hare of it at the 
fame time, in proportion to their quantity and con- 
duding power. See Franklin’s Ia'Ucts, Beccaria’s 
Lcltre dell’ Lllettncellimo, PrieiUey’s ILiil, of Elec- 
tric., and Lord Mahon’s Principles of Elcdricity. 

Lord Mahon obferves that damage may be done by 
Lightning, not only by the main ilrokc and lateral ex- 
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j prife thofe not ufed to fuclv a pheaomejjoir. It 
Iifual to keep this prepantioa undet wajer ; an^ if it 
is dt fired to fee the corrufcatiOfll to the preateA advan- 
tage, it fhould be kept in u.deep cvlindnial glsds, not 
more than three quarters filled with water. At timet 
the phofphorus will fend up corrufeations, which wiU 
pierce through the incumbent water, and expand them- 
{elves with great brightnefs in the upper or empty part 
of the glafsf and much rcfembling Lightning. The 
feafon of the year, as well as the newnefs of the phof- 
phorus, mull concur to produce Uicfe flaihes ; for they 
are as common in winter as Lightning is, though both 
are very frequent in w^arm weather. The phoiphorus, 
while burning, ads the part of a coiTofive, and when 
it goes out rcfolvcs into a menllruum, which dilTolves 
gold, iron, and other metals ; and Lightning, in like 
manner, melts the fame fubllanccs. 

LIKE Quantities, or Similar ^lantities, in Al- 
gebra, are fuch as arc expreffed by the fame letters, to 
the fame power, or equally repeated in each quantity ; 
though the numeral coefficients may be different. 

Thus 4a and 5a are Like quantities, 
as are alfo and 

and alfo 6 bxy'>’ and lohxy^. 

But and 5^, or and &c, are unlike 

quantities ; bccaufe tliey have not every where the 
.lame dimenfions, nor are the letters equally repeated. 
—Like quantities can be united into one quantity, by 
addition or fubtradion ; but unlike quantities can only 
be added or fubtraded by placing the figns of thefc 
operations between them. 

Like Signst in Algebra, are the fame figns, either 
bothpofitive or both negative. But when one is pofi- 
tive and the other negative, they are unlike figns. 
So, 4 * 3^ and -f $cd have Like figns, 
as have alfo — lafc and — 2j.v* ; 
but + and — $cd have unlike figns, 
as alfo — zax and lax. 

Like Figures y ox Arches y See, arc the fame as Similar 
figures, arches, &c. Sec Similar. 

All Like figures have their homologous lines in the 
fame ratio. Alfo Like plane figures are in the dupli- 
cate ratio, or as the fqnares of their homologous lines 
or fides ; and Like folid figures are in the triplicate 
i-atib, or as the cubes of their homologous lines or 
fides. 

LILLY (William a noted Englifh aftrologcr, 
born in Lcicellerlhire in 1602. His father was not 
able to give him farther education than common read- 
ing and writing ; but young Lilly being of a forward 
temper, and endued with Ihrcwd wut, he refolved ta 


plolion, but alfo by what he calls the returning ftroke 5 pufli his fortune in London ; where he arrived in 1620, 
by which is meant the fiidden violent return of that ' and, for a prefent fupport, articled himfelf as a fervant 


part of the natural fhare of eleftrietty which had been 
gradually expelled from feme body or bodies, by the 
fuperinduced elaftic eledlrical preiiure of the electrical 
atmofphcrc of a thunder cloud. 

Artificial Lightning, an imitation of real or natu- 
ral Lightning by gunpowder, aurum fulminansy phof- 
phorus, &c, but elpeciaily the laft, between which and 
Lightning there is much more rcfc^blancc than, the 
others, 

Phofphorus, w’licn newly made, gives a fort of arti- 
ficial Lightning vifiblc in the dark* which would fur- 
6 


and, for a prefent fupport, articled himfelf as a fervant 
to a mantua-oiEker in the parilh of St. Clement Danes. 
But in 1624 he moved a ftep higher, by entering into 
thefervice of ,Mr. Wright in the Strand, mailer of thf 
Salters company, who not being able to write, Lilly 
among other ofnees kept bia booies* On the death of 
his mailer, in 1627, Lilly paid his addreffes to the wi- 
dow* whom he married , widi afortune of loool* Being 
now his own maAer, he followed the fi^ot of his inclina- 
tions, which led him to follow the purilianipl preachers* 
Afterwards, turning his mind to judicial. aArology, 
in 1632 he becaiuc4>u^ih fodhat art, tQi>nc.Evans, a 

profligate 
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pirofiigatc Wtlfh parfon ; and the next ycaf gave the 
ublic a fpecimen af l^ia Ikill, by an intimation that the 
ing had chofen an unlucky horofeope for the corona- 
tion in Scotland. In 1634, ^ manuicript copy 

of the Ars Noticia of Cornefiug Agrippa, with altera- 
tions, he drank in the do^lrine of the magic ciicle, and 
the invocation of fpirits, with great cagernefs, and 
praiitifed it for fomc time ; after which he treated the 
myftery of rcc.ovcring ftolcn gor)d8, &c, with great con- 
tempt, claiming a fupcrnatural fight, and the gift of 
prophetical prediftions; all which he well knew howto 
tern to good advantage. 

Mean vidiile, he had buried his firll wife, purchafed 
a moiety of 13 houfes in the Strand, and married a 
fecohd wife, who, joining to an extravagant temper a 
termagant fpirit, which he could not lay, made him 
unhappy, and greatly reduced his circumftances. With 
this uncomfortable yokemate he removed, in 1636, to 
Herfliam in Surrey, where he flaid till 1641 j when, 
feeing a profpc^l of finiing in troubled waters, he re- 
turned to London. Here having purchafed feveral cu- 
rious books in this art, which were found oil pulling 
down the houfc of another allrologer, he ftiidied them 
inceflantly, finding out fecrets contained in them, 
wliich were written in an imperfed Greek charader; 
and, in J 644, publilhed his Merlititu Anglkus^ an al- 
manac, which he continued annually till his death, 
and fcvcral other aftrological w'orks ; devoting his pen, 
and other labours, fometimes to the king’s party, and 
fometimes to that of the parliament, but moillytothe 
httcr, raffing his fortune by favourable predidioiis to 
both parties, fometimes by prefents, and fometimes by 
penfions ; thus, In 1648, the council of flate gave 
him in money 50I. and a penfion of tool, per annum, 
which he received for two years, and then refigned it 
on fome dirgufl. By his advice and contrivance, the 
king attempted feveral times to make his efcape from 
his confinement : he procured and fent the aqua-fortis 
and files to cut the iron bars of his prifon windows at 
Carifbrook caftle ; but ftill adWfing and writing for the 
other party at the fame time. Mean while he read 
public ledureson aftrology, in 1648 and 1649, for the 
improvement of young ftudents in that art} and in 
fhort, plied his bufinefs fo well, tliat in 1651 and 1652 
he laid out near 2000I. for lands and a houfc at Hcrfham. 

During the fiege of Colchcfler, he and Booker were 
fent for thither, to encourage the foldiers ; which they 
did by afluring them that the town would foon be taken} 
tvhich proved true in the event. — Having, in 1650, 
written publicly that the pariiament fliouTd not con- 
tinue, but a new govemmei^ arife ; agreeably to which, 
in his almanac for 1653, bIWertedthat the parliament 
flood upon a ticklilh foundation, and that the commo- 
nalty and foldicry would join together againft them. 
Upon which he was fummoiied before the committee 
of plundered minifters } but, receiving notice of it be- 
fore the arrival of the mcfTcngcr, he applied to his 
friend Lenthal the fpeaker, who pointed out the of- 
fenfive paflagcju He immediately altered them j at- 
tended the committee next morning, with. 6 copies 
printed, which fix alone he acknowledged to be his } 
and by that means came off with only 13 days cuftody 
by the-fcijeant at arms. This year he was engaged in 
1 difputc with Mr. Thomas Gatakcr.-~-In 1665 be ^vas 
VoL. II. 


indidlcd at HtcksVhall, for giving judgment Upon 
ilolen goods ; but was acquitted. And in if 559 > he re- 
ceived,- from the king of Sweden, a prefent of a gold 
chain ^nd medal, worth about 50I. on account or his 
having mentioned that monarcii with great refpeA in 
his almanacs of 1657 and i658.~After tlkReftoration,* 
in 1660, being taken into cullody, and examined by 
a committee of the houfc of commons, touching the 
execution of Charles the ifl, he declared, that Ro- 
bert Spavin, then Secrelar}^ to Cromwell, dining with 
him foOn after the fa6l, allured him it was done by cor. 
net Joyce. The fame year he fued out his pardhn under 
the broad feal of England } and afterwaids continued 
in London till 1665 ; w-hen, upon the raging of the 
plague there, he retired to his cliate at Herfhant. Here 
he applied himfelf to the iludy of phylic, having, by 
means of his friend Elias Afhmolc, procured from arch- 
biflrop Sheldon a licence to pra< 5 lifc it, which lu? did, as 
well as allrology, from thence till the time of his death. 
— In Odober 1666 he was examined before a commit- 
tee of the houfe of commons concerning tlie fire of 
London, which happened in September that year. A 
little before his death, he adopted for his fo!\, by tiu* 
name of Mtrl'm junior t one Henry Coley, a laylor by 
trade ; and at the fame time gave him the iinprcffion of 
his almanac, which had been printed for 36 years fuc» 
ceflively. This Coley became afterwards a celebrated 
afb'ologer, publifhing in his own name, almanacs, and 
books of allrology, particularly one intitled A Kry t$ 
AJiro!o^\ 

Lilly died of a palfy i r , at 79 years of age ; and his 
friend Mr, Afhmole placed a monument ovtrhia grave 
in the church of Walton upon Thames. 

Lilly was author of many works, His Oh/ervaftons 
on the Life and Death of Charles late King of Englandt 
if wc overlook the allrological nonfenfe, may be read 
with as much fatisfaftion as more celebrated hiflories ; 
Liliy being not only very well informed, hut finally 
impartial. This work, with the Lives of Lilly and 
Aflimolc, written by llicmfelves, were publifhed m one 
volume, 8vo, in 1774, by Mr. Burman. His other 
works were principaily as follow ; 

I, Merlinus Anglicus junior.— *. Supernatural Sight, 
—3. The White King’s Prophecy.— 4, England’s 
Prophetical Merlin : all printed in 1644. — 5. The 
Starry McfTcngcr, 1645.— 6. Colle£lion of Prophecies, 

1646. — 7. A Comment on the White King's Prophe- 
cy, 1646.*— 8. The Nativities of Archbifliojj Laud and 
Thomas earl of Strafford, 1646.— 9. Chniliati Aflro- 
logy, 1647 t upon this piece he read kis ledures iiS 
1648, mentioned above, — 10. The third book of Natt- 
vitiesj 1647.— II, The World’s Cataflrophc, 1647.— 
12. The Prophecies of Ambrofe Mcilin, with a Key, 

1647. -— 13. Tritlicmius, or the Government of the 
World by Prefiding Angels, 1647. — 14. A treatife of 
the Three Suns feen in the winter of 1647^ printed in 

1648. -15, Monarchy or no Monarchy, 1651.— 
16. Obfcrvalions on the Life and Death of Charles, 
late king of England, )6;i } and again in 1651, with 
the title of Mr. William Lilly’s True Hiftory of king 
James and king Charles the iff, &c. — 17. Annus Tc- 
nebrofus; or, the Black Year. This drew him into 
the difputc with Gatakcr, which Lilly canied on ih 
his Ahnanac iu 1654. 

G ' LIMB, 
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. J . J r,( tion or pofition. But a rurve Line hat la ererr pait 

Limth^outenno/lborM<>rgra^ diroaion, and is not thn /horURdiC. 

gqiiadraat, ailrolabe, or fuch IiktiMtlicmti ,ance between its extremes or ends. 

are all of the fame Ipecies; but curves 


mCJJtn 

The word is aJfo ufed for the arch of the prjmi^ 
t i VC circle f in any projct^Ion of the l^hcte in piano. 

JLiMn alfo figniftes the outtrnjou border or edge of 
the fun or moon ; as the upper Limb, or edge ; the 
lower Limb ; the preceding Limb, or Tide ; the follow- 
ing Limb.— Allronomcrs obferve the upper or lower 
Limb of the fun or moon, to find their true heiglit, or 
that of the centre, whic h differs from the others by the 
femidiameter of the dife. 

LIMBERS, in y\rtillery, a fort of advanced tiain, 
joined to the carriage of a cannon on a march. It is 
compofed of two fliafts, wide enough to receive a horfe 
between them, called the horfe : thefe fhafts arc 
joined by two bars of wood, and a bolt of iron at cue 
end, and mounted on a pair of rather fmall wheels. 
Upon the axle-tree i^ifes a llrong iron fpike, which ia 
put into a hole in the hinder part of the tiain of the 
gun-carriage, to draw it by. But when a gun is in 
aftion, the Limbers arc taken off, and run out behind 
it. — See the dimenfiona and figure of it in MiilleEs 
Trcatife of Artillery, pa. 187. 

LIMIT, is a term ufed by mathematicians, for fame 
determinate cjuantity, to which a variable one conti- 
nually approaches,., and may come nearer to it than 
by any given difference, but can never go beyond it ; in 
which knfe a circle may be faid to be the Limit of all its 
infer ibed and circumferibed polygons ; becaufe thefe, by 
increafing the number of their fides, can be made to be 
nearer equal to the circle than by any fpacc that can be 
propofed, how fmall foever it may be. 

In Algebra, the term Limit is applied to two quanti- 
ties, of which the one is greater and the other lets than 
fome middle quantity, as the root of an equation, &c. 
And in this fenfe it is ufed when fpeaking of the Li- 
mits of equations, a method by which their folution is 
greatly facilitated. 

Limit ej DipinSt Vifwn, in Optics. §ec Diflindl 
Vision. 

Limit of 0 Planet^ has been fometimes ufed for its 
greateft heliocentric latitude. 

Limited Prchhm, denotes a problem that has but 
one folution, or fome determinate number of folutions : 
jjis to deferibe a circle through three given points that 
do not lie in a right line, which is limited to one fo- 
lution only j to aividc a parallelogram into two equal 
parts by a line parallel to one fide, which admits of two 
Colutions, necordingas the line is parallel to the length 
or breadth of the parallelogram ; or to divide a trian- 
gle in any ntio by a line paitillel to one fide, which is 
limited to tlwtc lolutions, as the line may be parallel 
to any of the three fides. 

lilNK, in Geometry, a quantity extended in length 
only, witlh'ut either breadth or thicknefs. 

A Line i:4 fometimes confidered as generated by the 
flux or motion of a point ; and fometimes as the limit 
or termination of a fuperficice, but not as any part of 
that fur face, however fmall. 

Linea are either right or curved, A righij or 
flraight Line, is the nearcll diftance between two 
flints, which are its extremes or ends or it ii a 
Line which has in every part*of it the fume dirce- 


Jitght Lines *•.» -- • . . 

arc of an infinite number of different lOrts, J\8 Jinny 
may be conceived as the-rc are different compound mo* 
tions, or as many as thcie may be different relations be- 
tween their ordinates and abfeiffes. See Curves, 

Again, Curve Lines ^re ufually divided into geame- 
tried I and mechanic ah 

Geometrical Linesy are thofc which may be found cx- 
artly in all their parts. See Geometrical Line. 

Afcchanical Lines arc lucli as are not determined ex- 
actly in all their parts, but only nearly, or tenta- 
tively. But 

Ues Cartes, and his followers, define geometrical 
Jdnes to be thofe which may be expreffed by an alge- 
braical equation of a determinate or finite degree ; called 
its locus. And mechanical Lines, fuch as cannot be ex- 
preffed by fuch an equation. 

But others dillinguilh the fame Lines by the name 
algchraual and tranfLemlental. 

Lines are .ilfo divided into ordci-s, by Newton, ac- 
cording to the number of interfe^lions which may be 
made by them and a right Line, viz, the iff, 2d, 3d, 
4th, &c, order, according as they may be cut by a 
right Line, in i, or 2, or 3, or 4, &c, points. In 
this way of confidering them, the right Line only is of 
the iff order, being but one in number; the 2d order 
contains 4 curves only, being fuch as may be cut from 
a cone by a plane, viz, the circle, the cllipfe, the hy- 
perbola, and the parabola ; the lines of the 3d order 
have been enumerated by Newton, in a paiticular trea- 
tife, who makes their number amount to 72 ; but Mr. 
Stirling found 4 others, and Mr. Stone 2 more ; though 
it is diiputcd by fome whether thefe 2 lall ouglit to be 
accounted different from fome of Newtoji’s, or not. 
Sec Newton^s Enumcr. Lin. Tertii Ordin. alio Stir- 
ling’s Line* Tert. Ordin. Newtonian* Oxon. 1717, 
8vo. and Philo f. Tranf. number 456, 8:c. Again, 

Jll^ehraxcal Lines are divided into different orders ac- 
cording to the power or degree of their equationj. So, 
the fimple equation « + = o or equation of 

the iff degree, denotes the iff order or right line ; the 
equation « + /iy + cv dyy -4- exy -f* fxx =. c^, of the 
2d degree, denotes the Lines of the ^d order ; and the 
equation 

« -f + rxy -f/xof + fiy} -f hx'p -f ix^)) -f «=ro 

of the 3d degree, expreffes the Lines of the 3d order ; 
and fo on. See Cramcr^s Introd. a I’Analyfe dcs 
Lignes Courbes. 

Lines, confidered as to me pofilions, are either p/i- 
ralUly perpendiculary or ohhque. And the conftru6lion 
and properties of each of thefe, fee under the refpec- 
tivc terms. 

Line alfo denotes a French meafure of length, being ' 
the lath part of an inch, or the 144th part of 1 foot. 

In AJlronomy, 

hi'A's. of the Apfssy or Afjtdesy the Line joining the 
two apfes, or the longer axis of the orbit of a planet. 

Fidueiul Line, the index line or edge of the ruler, 
which paifes through the middle of an altrolabc, or other 
inffrumcot, on which the hghts are htted, and marking 
the diviftons, 

Horl^onied 
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H^fhontal Line, a Line parallel to the horizon. 

Lime of the Nodes, that which joins the nodes of the 
orbit of a planet, bcin? the common feAion of the 
phmc of the orbit with the plane of the ecliptic* 

In 

Horizontal Line, is the common fciflion of the hori* 
^on and the dia]-plate» 

Horary, or Hour Lines, are the common interfcc- 
tions of the hour-circles of the fphcrc with the plane of 
the dial. 

Equino^ial Line is the common interfevSlion of llic 
equino( 5 tial and the plane of the dial. 

In Fortifeation, Line is fometimes ufed for a ditch, 
bordered with its parapet : and fometimes for a row of 
gabions, or facks of earth, extended Icn^thwife on the 
ground, to ferve as a (heltcr againil the enemy’s fire. 

AVhen tlie trendies wrre carried on within 30 paces 
of the glacis, they drew two Lines, one on the right, 
and tlic other on the left, for a place of arms. 

J.ines are commonly made to (hut up an avenue or 
entrance to fomc place ; the fidesofthc entrance being 
covered by rivcis, woods, mountain*;, mora/rcs, or other 
obOrUi'tiuns, not enfy to be pafied over by an army. 
Wlien tlicy are conitruded in an open country, they 
arc carried round the place to be defended, and refem- 
blc tlic Lines furrounding a camp, called I.incs of cir- 
cumvallation. Lines arc alfo thrown up to flop the 
progieL of an army ; but the term is moll ufed for 
the Line whldi covers a pafs that can only be attacked 
ill fiont. 

When lines are made to cover a camp, or a large 
tract of land, vvhete a conliderable body of troops is 
polled, the work is not made in one firaight, or uni- 
lonnly bending Line ; but, at certain dillanccs, the 
J.ines projod in faliant angles, called redents, redans, 
or flankers, towards the enemy. The diftance between 
tilde angles is commonly between the limits of 200 
and 260 yards; the ordinal y flight of a mulket ball, 
point blank, being commonly within thofc limits; 
though mulkctvS a little elevated will doeffc^lual fcrvicc 
at the dillance of 360 yards. 

Fundamental Line, is the firft I.ine drawn for the 
plan of a place,- and which /hews its area. 

Central Line, is tlic Line drawn from the angle of 
the centre to the angle of the ballion. 

lane of Defence, See, See Defence ifkc. 

lane of approach, or Attack, fignilics the work which 
the bcficgcrs carr)- on under cover, to gain the moat, 
attd the body of the place. 

Line of Circumvnllation, is a Line or tiench cut by 
the befiegers, within cannon-fhot of the place, which 
ranges round the camp, and fccurcs its quarters againft. 
any relief to be brought to the befieged. 

• Line of ConlravaJlation, is a ditch bordered with a 
parapet, fervingto cover thcbefiegcrs on the fide next 
the place, and to flop the fallics of the ganifon. 

Lines of Communication are thofe which run from one 
work to another. 

Li^e of th Baje, is that which joins the point! of the 
two neardl baftioni. 

To Line a work, fignifies to face it, as with brick or 
Hone ; for ej^amplc, to.ftrengthen a rampart v^ith a firm 
wall, or to cncompafs a parapet or moat witli good 
-turf, kc. 


Line, m Geography and Navigation, ia emphati- 
cally ufed for the Equator or Equinoftial Line. 

The fcamcn ufc to baptize their freih men, and paf* 
fengers, the firft time they cn^ the Line : that is, to 
dip them in the fea, fufpeiidcd a rope froni the yard' 
arm, unlefs they compound for it, by giving fpincthing 
to drink. 

In Perfpeffive, 

The Geometric a! Line, is a right Line drawn in any 
manner on the geometrical plane. 

Tcrrejliial or Fundament, il Line, is the common iii- 
tcrfciflion of the geometrical plane and plane of the 
pidiirc. 

Line of the T'iont, Is any I-ine parallel to the terref- 
Irial I.im*. 

Vertical Line, is the ft\^Iion of the vertical and dnft 
planes. 

Vifual Jane, Is the Line or ray conceived to pafs 
from the objccH to the eye. 

Oljcetive Line, is any Lino drawn oji the geomctjica! 
pl.uic, whofe rcprcfcntalioii is tought for in the di aught 
or piclurc. 

Line of Mtafures, is ufed by Oughtrcd, and othei':;, 
to denote the diameter of the primitive circle, in ihepio- 
jcClion of the fphere in pKiiio, or that I.Inc in which 
falls tl»c diameter of any circle to be projc^lcd. 

L I N E A R Nu M E K R s, arc fucli as have relation to length 
only ; fiich, for example, as cxpicfs one fide of a plane 
figure ; and when the plane figure is a fquarc, the 
linear number is called a root. 

I^iNFAR Problem, is one that can be fulved geome- 
trically by the inteifcdion of two nVbt lines. This is 
called a funplc problem, and iicapaolc of only one fo* 
lution. 

I.lQinD, a fluid wbich wets or fmcars fuch bodies 
as arcimmerfed in it, aiifingfrom fomc configuration oL 
its pailiclcs, which dilpofes them to adhere to the fur- 
/aces of bodies contiguous to them. Thus water, oil, 
milk, &c, are Liquids, as well as fluids ; but quickfil- 
vtr is not a Liquid, but fimply a fluid, 

LISI.,E (William de), a very learned French 
geographer, was born at Paris in 1675. Hi! father 
being much occupied in the fame way, young Liflc 
began at 9 years of age to draw maps, and foon made 
a great progrefs in this art. In 1699 diftinr 

guiflicd himlelf to the public, by giving a map of the 
world, and. other pieces, w’hicli procured him a place 
io tlic Academy of Sciences, 1702. He was after- 
ward! appointed geographer to the king, with a pen- 
fion, and had the honour of'inftrucling the king him- 
felf in geography, for whofe particular ufe he drew up 
fevcral works. Dc I^iflc's reputation was fo great, 
that fcarcely any hifloiy or travels came out \vithout 
the embcllifliment of his maps. Nor wa;? his name KTs 
celebrated abroad tlum in his own counUy. Many fo- 
vcrc'igns imain attempted to duw him out of Prance. 
The Czar Peter, when at Paris on his. travel^, paid him 
a vifit, to communicate to him (orne lemarks uj;on Muf- 
covy ; but more efpccially, fays Pontenelle, to learn 
from him, better than lie could any where dfe, the 
extent and fituation of hii own dominions. De Lille 
died of an apoplexy m 1726, at er years of age. 
‘Befide the excellent- maps he pubiiihed, he wwte 
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many pieces in the Memoirs of the Academy of 
Scienccfl, 

LIST, or Listel, afmall fquare moulding^, ferv- 
in;( to crown or accon^any lary^er mouldings ; or on 
occaflon to fepurate theflutings of columns. 

LrrEKAL Ar.<”.EBRA. See Algebra. 

LIZARD, in Allronomy. See Lacerta. 

LOADSTONE, or Magnet ; which fee. 

LOCAL PrnllftVy is one that is capable of an Infi- 
nite immbc'r of difFwrent folutions j becaufc the point, 
which is to folve tlic problem, may be indifferently 
taken witliiii a certain extent ; as fuppofc any where in* 
Inch a line, within fuch a plane figure, 6 cc, w'hicli 13 
called a geometnaxl Loats, 

A Local problem is fuiphy when the point fought 
is In a light line; pLincy v.'hen the point fought is in 
the diciimfereiice of a circle; foUdy when it is in 
the circumference of a conic fedion ; or furfoUdy 
when the point is in the perimeter of a line of a 
higher kind.' 

Local Motion, 'or Lcco-Motioriy the change of 
place: See Motion. 

LOCI, the plural of I^ocus, which fee. 

IX)CUS, is fomcline by which a local or indetermi- 
nate problem is folved ; or a line of which any |)oint 
may equally folve an indeterminate problem. 

Loci are exprefTed by algebraic equations of differ- 
ent orders according to the natuie of the Locus. If the 
equation is confltuited by a right line, it is called Lo- 
cus (id rtdfum i if fiy a circle. Locus ad clrcuhim ; if by 
a parabola. Locus fld paraholam ; if by an cllipfis, Locus 
ad elDpftm / and fo on. 

The Loci of fuch equations as are right lines or cir- 
cles, the ancients called plane loci ; and of thofc that 
arc conic fediona, folul foci ; but fuch as are curves of 
a liiehtT order, fnrjolid locL But the moderns diilin- 
giilfh the Loci into orders according to the dimenfions 
of the equations by wdilch they are exprefTed, or the 
number of the powers of indeterminate or unknown 
quantities in any orre term : thus, the equation 

ay = hx c denotes a IjOCUS of the i ft order, 
buty* =: aXy ov=,ax—x^y &c, a Locus of the ad order, 
andy’ = rAvjor = — .4»,&c,aLocU8ofthc3dorder, 

and fo on ; where x and y are unknown or indetermi- 
nate quHiitities, and the others known or determinate 
ones; alfo 4 r denotes the abfeifs, and y the ordinate 
of the curve or line wLich is the Locus of the equa- 
tion. 

Forinftance, fuppofetwo variable or indeterminate right 
lines AP, A(^ making any given angle PAQJactwcen 



them, where they arc fuppofed to commence, and to 
extend indefinitely both ways from the point-A ; then 
calling any AP, Xy and its concfpondipg ordinate 
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PQ* continually changing its po^tfon by moving 
parallel to itfclf along the indefinite line A P ; alfo in 
the line AP aflumc AB a, and from B draw» BC 
parallel to PQ^nd ^ then the indefinite line AQ^ 
is called in general a geometrical Locus, and in particu- 
lar the Locus of the equation y = ; for wliatcver 

point Qjs, the triangles ABC, APQ are always fimi- 
lar, and therefore AB r BC :: AP : PQ^, that is 

a i B :: X yt and therefore y = fs the equa- 
tion to the right line AQ^ or AQjs the Locus of the 

. lx 

equation y = . 

Again, if AC^be a jparabola, ' 
the nature of which is fuch, that 
AB : AP : : BC* : PQ^^ or 
a : X I : l^ : y'^y and therefore 

y* = is theequation which 

a 

has the parabola for itsivociis, or 
the parabola is the Locus to 
every equation of this form 
^ l^x 

Or if AQbe a circle, having 
its radius AB < 7 , the nature 
of which is this, that PQ^ =•: 

AP . PD, ory* = A* . A* 
or 2ax — A* ; therefore the Lo- 
cus of the equation of this form 
y* =: 2ax — A*, is always a cir- 
cle. 

In like manner it will appear, that the dlipfe is 

, c* 

the Locus to the equation y* = --- x tx — a*, 

and the hyperbola the Locus to the equation 

y** = ^ X tx -b A* ; where t is the tranfvcrfe, and c 

the conjugate axis of the ellipfc or hyperbola. 

All equations, whofc Loci are of the firft order, 
may be i educed to one of the 4 following forms : 

- hx . lx ' , lx . lx 

ifty = — ; 2dy = - + c; 5dy = - -c; 4thy ~ r ; 

a a a a 

where the letter c denotes the diftance that the ordi- 
nates commence from the line AP, either on the one 
fide or the other of it, according as the fign of that 
quantity is + or , 

All Loci of the 2d degree are conic feiSlions, viz, 
cither the parabola, the circle, ellipfis, or hyperboLa, 
Therefore when an equation is given, whofc Locus is of 
the 2d degree, and it is required to draw that Locus, 
or, which is the fame thing, to conftnift the equation 
generally; bring over all the terms of the equation to one 
fide, fo that the other fide be 0 then- to know whic^i of 
the CO hie feiftions it denotes, there will be two general 
cafes, viz, either when the reflangle xy is in the equa- 
tion, or when it is not in it. > 

Cesfe I, When the term xy is not in the propofed 
equation. Then,, jtft, if only one of the fquarca 
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be found in it# thr Locut ivill be a parabola, 
f d, If botb the fquares be in it, and if they have the 
fame fign, the Locus will be a circle or an ellipfe. 
3d, But if the figns of the fquares A*,y^ be different, 
the Locus will be an hyperbola, or the oppofite hyper- 
bolas. 

Caft' 2 . When the redlangle xy is in the propofed 
equation ; then ift, If neither of the fquares A\y^, or 
only one of them be In the eqviation, the I-.0CU3 will 
be an hyperbola between the afymptotcs. 2<i, If both 
A-* and y'^ be in it, having different figns, the Locus 
will be an hyperbola, having the abfeiffes on its diame- 
ter. 3d, If both the fquares be in it, and with the 
fame flgn, then if the coefficient of a* be greater than 
the fquarc of half the coefficient of .y«, the I.ocus will 
be an ellipfe ; if equal, a parabola ; and if Icfs, an hy- 
perbola. 

This method of determining geometric Loci, by re- 
ducing them to the moff compound or general equa- 
tions, was full publiflied by Mr. Craig, in liis Treutilc 
on the Q^uadrature of Curves, in 1693. It is explained 
at large in tlie 7th and 8th books of I’Hofpitars Conic 
»Scdions. See this ifubjedl particularly illuftrated in 
Maclaufin’s Algebra. The method of Dos Cartes, of 
liiuling tlie Loci of equations of the id order, is a 
good one, >iz, by extracting the root of the equation. 
See his Geometry ; as alfo Stirling’s Illullratio J.inea- 
rnm Tertli Ordinis. The doctrine of thefe Loci is 
likcwlfe well treated by De Witt in his Elementu Cur- 
And Baitholomsens Intieri, in his Aditus ad 
Nova Alcana Gcomctrica delegenda, has fhewn how to 
find the Loci of equations of the higher orders. Mr. 
Stirling too, in his ireatife above-mentioned, has given 
an example or two of finding the Loci of equations 
of 3 dirnenfions. Euclid, Apollonius, Ariftieus, Fer- 
mat, Viviani, have alfo written on the fubje£I of 
I-oei. 

LOG, in Navigation, is a piece of thin board, of 
a fe^toial or quadiantal form, loaded in the circular 
iide with le.id fufljcicnt to make it fvv’im upright in 
the water; to which is fallened a line of about 150 
fathoms, or 3CO yards long, called the Log-line, which 
is divided into certain fpaces, called Knots, and wound 
on a reel wliich turns very freclv, for the line to w'ind 
eafilj off. 

The life of the Log, or Log-line, is to meafure 
the velocity of the fhip, or rate at whicli fhe runs, 
which is done from time to time, as the foundation 
upon which the ffiip’s reckoning, or finding her place, 
is kept ; and tlie pr.iftlfce is to heave the Log into the 
fea, with the line tied to it, and obferve how much 
of the line is run off the reel, while the ffiip fails, during 
the fpace of half a minute, which time is mcafured by 
a fand-glafs made to run that time very cxa6IIy. 
About 10 fathoms of ftray or waffe line is left next 
the Log before the knotting or counting c^mcnce, 
that fpace being ufually allowed to cany the Log out 
of tho eddy of the fhip'a ^ke. 

The ufing of tlic Log for finding the velocity of 
the ffiip, is called Heaving the Log^ and is thus pec-' 
formed : One man holds the reel, and another the half- 
ihinute glaff f an officer of the watch throws the Log 
over the ffiip's ftern, on the lee-fidc, and when he ob- 
(krvei tht firay line, and the firil mark is going o£^ 
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he cries turn ! when the glafs-holder inffantly turn^ tlic 
glafs crying out done! then watching the glafs, the 
moment it is run out he fays JIqJ> ! upon wliich the reel 
being quickly ftopt, the l:dl mark fun off fficus the 
number of knots, and the diftance of that mark from 
the red is ellimatcd In fathoms : then the knots and 
fathoms together (hew the diilance run iuj„half a mi- 
nute, or the diftance per hour nearly, by confideiing 
the knots as miles, and the fathoms as decimals of a . 
mile : thus if 7 knots and 4 fathoms obferved, then 
the ftllp runs at the rate of 7*4 miles an hour. 

It follows, therefoic, that the length of each knot, 

■ or diviiion of the line, ouglit to be the fame part of 
a fea mile, as lialf a minute h of an hour, that is Tiffth 
part. Now it is found tliat a degree of the meridian 
contains nearly 366,000 feet, thcrefoie ,,’5 of this, or 
a nautical mile, will be 6ioo feet ; the ^ ofwhich^ 
or 51 feet neatly, fhould be the length of each knot, 
or divliioji of tlic 1 -^og-liue. But becaufe it is fafer 
to have the reckoning ratlier before the ffiip than after 
it, theieforc it is ufual now to make each knot equal to 
8 fathoms or 48 feet. But the knots arc made fomc- 
times to contain only 42 feet ; and this method of 
dividing the liOg-linc was foiwded on the fuppolition, 
that 60 miles, of 5000 feet each, .made a degree ; for 
1 l^tli of 5000 is 41 J, or in found numbers 42 feet. And 
although many mariners find by experience that thi» 
length of the knot is .too flioi t, yet rather than quit 
the old way, they ufo fand-glaffcs for hall-rainutc ones 
that run only 24 or 25 feconds. The fand, or half- 
minute glafs, may be tried by a pendulum vibrating 
feconds, in the following mauner : On a round nail or 
peg, bang a thread or line ftring that has a muHcet 
ball fixed to one end, carefully meafuring between the 
centre of the ball and the ftring’s loop over the nail 
39 J inches, being tlie length of a fecond pendulum; 
then make it fvving or yibrate very fmall arches, and 
count one for every time it paffes under the nail, be- 
ginning at the fecond time it paffes ; and the number 
of fwings made during the time the glafs is running 
out, ffiews the feconds in the glafs. 

It is not known who was tlie inventor of this 
method of meafuring the ffiip's way; or her rate of 
failing ; but no mention of It occurs till the year 1607, 
in an Eaft-India voyage, publiflied by Purchas ; and 
from that time its name occurs in other voyages in his 
colIcflioDs j after which it became famous, being no- 
ticed both by our own authors, and by foreigners ; as 
by Gunter m 1623; Sucllius, in 1624; Metius, in 
1631 ; Oughtred, in 1633 ; Hcrigonc, in 1634 ; Salton- 
ftall, in 1636 ; Norwood, in 1637 ; Fournier, in 1643 ; 
and almoft all the fucceeding writers on navigation of 
every country. Various improvements have lately been 
made of this inftrument by diflercnt perfons. 

LOGAR^ITHM, from the Creek ratio f and 
OrftS/^of number j q; d. ratio oj nunilers^ or perhaps 
rather number of ratios ; the indices, of the ratios of 
numbers to one knothcr ; or a ferfes of numbers in 
arithmetical proportfon, correfponding to as many 
others in geometrical proportion, in fuch fort that o 
conrafponos to, or is the index of i, in the geometri- 
cals. They have been dcvlfcd for the eafe of large 
arithmetical calculations. 

Thu a 
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Thus, 



0 , t , 2 , 3 , 

4 , Sec, ;ndieetor Lonrithmi, 

J 1,2,4, ^ * 

1 6 , &c, '] 


or 2®, 2\ 2^, 

2S^C, f 

the geometrical 

I » 3 * 9 » ^7 ♦ 

8 1 , &c, 1 

progreiiions, or 


3 ^ » I 

common num- 

1 , 4Q, 100, 1000, 

10000, &c, i 

bers. 

or 10 ®, 10', 10^, , 

lO-* ,, 3cc,J 



Where the fame indices, or J.ogarithms, fcrye equally 
for any geomctiic feiiea ; and from which it is evi- 
dtnl, that there may be an enJlcfs variety of fets of 
Logarithms to the fame common numbers, by varying 
• the 2d term 2, or 3, or 10, &c of the geometric fcrics ; 
as this win change the original feries of terms whofc 
indices arc the nunrocrs i, i, 3, 8 cc\ and by interpo- 
lation the whole fydem of numbers may be made to 
enter the geometrical feries, and icceive thdi propor- 
tional Logarithms, whether integers or dccimaL. 

Or the Logarithm of any given number, is the index 
of fuch a power of fome other number, as is equal to 
the given one. So if N be = r**, then the l^ogarithm 
of N is w, which may be either polltive or negative, 
and r any number wljatevcr, according to the differ- 
ent fydems of Logarithftis. Wlien N is 1, llicn n is 
^ o, whatever the valiie of r is ; and coiifequently 
(he Lo^ntlim of 1 is always o in every fyilein of 
r.ogaritnms. When n is = r, then N is = r ; con- 
fequently the loot /* is always the number whofe 
Logan'thm is i, in every fyllem. When r is = 
271 82818284^9 indices arc the hyperbolic 

Logarithms ; lo that n is always the hyperbolic Loga- 
rithm of 2718 &c)“« But in the common Loga- 
rithms, r Is == 10 ; fo that the corrtmon Logarithm of 
any number, is the index of that power of 10 which 
it equal to the faid number ; fo the common Logarithm 
of N = io*'» is « the index of the power of 10 ; for 
example, 1000, being the 3d" power of to, has 3 for 

its I-oganthm t and if 50 be = then it 

I ’69897 the common Logarithm of 50. And hence 
it follow s that this decimal feries of terms 

1000, 100, 10, 1 , *1, *01, ’001, 

or io3 , 10*, loS 10®, 10“*, 
have 3 , 2 , i , 0,-1, --2, -5, 

refpedively for the Logarithms of thofc terms. 

The Logarithm of a number contained between any 
two terms of the firft feries, is included between the 
two correfponding terms of the latter j and therefore 
ibat Logarithm will conlift of the fame index, whether 
pofitive or negative, as the fmaller of thofe two terms, 
together with a decimal fraftion, which will always be 
pofitiye. So the number 50 falling between 10 afnd 
loo, its Logarithm will fall between { and 2, being ift. 
X deed equal to i ‘69897 nearly ; alfo the number 
falling between th^ terms -i and ’Oi, its I.ogarithm 
will fall between — i. and — 2, and is indeed 
rr — 2 + ’69897, the index of the lefs tenn together 
with the declmA *69897. The indax is alfo calftdthe 
Chara£tcrittic of the Logarithms, and k always an in- 
either *00111 ive or negative, or clfe = o; and it 
'rtiews what jllace is occupied by the firft fignificant 
hguie of the given lumber, either above or below the 
place of units,*being in the former cafe + Orpofitive; 
in tlic hitter or negative. 

7 


When the chafa£fcriftic of a Loprithm is negative^ 
the iign — k commonly fet over it, to diftinguifli it 
from the decimal part, which, being the Logarithm 
found in the tables, is always pofitive : fo — 2 -f- 
‘^9^97> Of the Logarithm of *05, is written thus 

2 '69897* on fome occaftons it is convenient to 

reduce the whole exprellion to a negative form ; which 
is done by making the charaaerillic lefs by i, and 
taking the arithmetical complement of the decimal, that 
is, beginning at the left hand, fubtraiSf each figure 
from 9, except the laft fignificant figure, which is 
fubtraded from lO; fo niaU the remainders form the 
Logarithm wholly negative : thus the Logarithm of 

•05, which ib 2-69897 or - 2 -I- *69897, is alfo ex- 
preffed by — 1*30103, which is all uegativc. It is alfo 
fometimes thought more convenient to exprefs fucii 
Logarithms entirily as politivc, namely by only joining 
to the tabular decimal the complement of the index 
to 10; and in this way the above Logarithm is ex- 
preHed by 8-69897 ; wluch is only incrcailng the 
indices in the fcalc by 10. 

The Properties of Lo^atilhms * — From the definition 
of Logarithms, cltiicr as being the indices of a feries of 
geometncals, or as the indices of the powers of the fame 
root, it follows that the multiplication of the nurnbcis 
will anfwer to the addition of their I.ogarithms ; the 
divifion of numbers, to the fubliartion of their Lo- 
garithms ; the raifing of powers, to the multiplying 
the Logarithm of the root by the index of the power,; 
and the extracting of roots, to the dividing the Lo- 
garithm of the given number by the index of the 
root required to be extraded. 

S9, I ft, 

Log. ab or oi a X b k zz log. a -b log. <5, 

Log. 18 or of 3 X 6 is log. 3 -}- log. 6, 

Log. 5 X 9 X 73 is ~ log. 5 -f log. 9 -f log. 73. 

Secondly, 

f.,og. a b is = log. a — log. bf 

Log, 1 8 -r 6 is = log. 1 8 — log. 6, 

Log. 79 X 5 -4- 9 is=:log.79-b log.5 -log.9, 

Log. { or I 4-2 is =1. 1 —1.2 =0 — 1.2 = —1. 2, 

Log, — or I 4- « is 3t= 1. 1 — 1. « =r — 1. ff. 

Thirdly, 

Log. r"Is = n 1. r; Log.r"or of is = — 1. rj 

Log.r“ is = - hr; Log, 2*i8=s 61.2 j log.i^ or . 

of ^2 is = I 1. 2 ; and Log. 2 * is = ^ I. 2. 

So that any number and its reciprocal have the fame 
Logaritlpu, but with contrary ftgns ; and the fum of 
the Logarithms of any number and its reciprocal, or 
complement, is equal to 0. 

Hj/lory and Cohjlru^ton cf Logarithms , — ^The proper- 
ties of Logarithms hitherto" mentioned, or of arith- 
metical indices to powers or geometncals, witJi their 
various ufes and properties, as above-mentioned, arc 
taken notice of by Stifelius, in his Arithmetic ; and 
indeed they were not unknown to the ancients ; hut 
they come ail far fhort of the ufe of Logarithms 10 

Trigo- 
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Trigonomtlry, difcovered by John Napier, 

baron of Mcrchmoa in Scotland, and publiOted at 
Edinburgh in 1614, in hi» Mirifici Logaiithmorom 
Cauonis Defcriplio j which contained a large canon 
of Logarithms, with the deferiplion and me# of 
them ; but their conftruftion was referved till the 
fenfe of the Learned concerning his invention ihould 
be known. This work was tranflated into Englilh 
by the celebrated Mr. Edward Wright, and pub- 
liOied hv his fon in 1616. In the year 1619, Robert 
Napier/ foil of the inventor of Logarithms, pabliiUed 
a new edition of his late father’s work, together with 
the promifed Conftruftion of tire Loganthms, with 
other mifccllaneoiis pieces written by hi* father and Mr. 
Briggs. And in the fame year, 1619, Mr John Spei- 
dell publiflied his New Logarithms, being an improved 
form of Napier’s. 

All thefe tables were of the kind that have fince 
been called hyjjerlollcal, becaufe the numbers exprefs 
the areas between the afymptotc and curve of the 
In-pciboh. And Logarithms of this kind w'erC alfo 
fo/n after publilhed by fevcral otlici perfons ; as 
bv ru'inus in 1(519, Kepler in 1624, and fome others. 

' On the firil publication of Napier’s Loganthms, 
Henry liriggs, then profeflbr of Geometry in Cretham 
College in I ondon, immediately applied hirnfelf to the 
iludy and irnprt)vcment of them, and foon publlfhcd 
tlie l/'^'-aiitlnns of the firfl; icoo numbers, but on a 
rew which he had invented, viz, in which the 

I,n^;aiithm ritio of 10 to i is i, the Logaiithm of 
tlie'famc latio in Napier’s fyrtern being See; 

and in publilhcd his Arithnictica Loga- 

rithniica, containing the Logarithms of 30,000 natu- 
ral numbers, to 14 places of figures befidcs the index, 
in a form which Napier and he had agreed upon to- 
gctlier, uhich is the prefent form of Logarithms; 
alfo in 16^3 was pnblifhed, to the fame extent of 
figures, his IVigonomctria Britannica, containing the 
natural and logarithmic fines, tangents, See. 

With various and gradual improvements, Logarithms 
were alfo publilhcd fncccHivcly, by Gunter in 1620, 
Wingate in 1624, Henrion in 1626, Miller and Nor- 
wood in 163 1, Cavalerius in 16^2 and 1^43, Vlac^ 
and Rowe in 1633, Frohenius m 1^)34, Newton in 
16)8, Caramuel in 1670, Sherwin in 1706, Gardiner 
in 17/^2, and Dodfon’s Antilogarithmic Canon in the 
fame year ; befides many otheis of lefTcr note ; not to 
mention the accurate and comprchenfive tables in the 
Tables Portative, and in my own Logarithms lately 
publillied, where a complete hillory of this fcicnce 
may be feen, with the various ways of conftro6fing 
them that have been invented by different authors. 

In Napier’s conftru^lion of Logarithms, the natural 
numbers, and their Logarithms, as he fomctimcs called 
them, or at other times the artificial numbers, are fup- 
pofed to arife, or to be generated, by the motions 
of points, deferibing two lines, of which the one is the 
natural number, and the other its Logarithm, or artifi- 
cial. Til us, he ebneeived the line or length of the 
radius to be deferibed, or ruu over, by a point moving 
along it in fueh a manner, that in equal portions of 
time it generated, or cut off, parts in a decreafing 
gtolnetrical progrefiioo, le^ing toe fcveral remainders, 
or fineS) ia geometrical progromoa alfo ; wbilft another 


point deferibed equal parts of an fndefinitc line, in 
the fame equal poitions of time ; fo that the rcfpedlivc 
furos of thefe, or the whole line generated, were al- 
ways the arithmeticals or Logarithms of the aforefaid 
natural fines. In this idea of the generation of the 
Logarithms and numbers, Napier i^ffumed o as the 
Logarithm of the gi eateft fine or radius ; adl next he 
limited his fyfiem, not by affuming a particular value to 
fome afligned number, or pait of tlw; radius, but by 
fuppofing that the two generating points, which, by 
their motions along the two lines, deferibed the natu- 
ral numbers and Lo|jaritlvmi9, fiiould have their veloci- 
ties equal at the beginning of thofe lines. And this is 
the rcafon that, in nis table, the natural fines aqd their 
Logarithms, at the complete quadrant, have eq»l<»l dif- 
ferences or increments; and this is alfo the rcafon why 
his fcalc of Logarithms happens accidentally to agjec 
with what have iince been called the hyperbolical Loga- 
rithms, which have likewife numeral differences equal 
to thofe of their natural numbers at the beginning ; 
except only that thefe latter increafe with the natural 
numbers, while his on the contrary deercafe ; the 
Logarithm of the ratio of 10 to 1 being the fame in 
both, naimiy 2*30258509 &c. 

Having thus limited his lyllcm, Napier proceeds, in 
tlic polUinmouB work of 1619, to explain his conllruc- 
tion of the Logarithmic canon. This he eftetls ,iu 
various ways, but cliicfly by generating, in a very cafy 
manner, a ferico of proportional miiTibers, and their 
arithmeticals or Logarithms ; and then finding, by pro- 
portion, the I.ogarithms to the natural fines from thofe 
of tlw natural numbers, among the original propor- 
tionals; a paiticular account of which maybe iccn 
in ray book of Logarithms above mentioned. 

The methods above alluded to, relate to Napier^ or 
the hypeibolical fyftcm of Logarithms, and indeed arc 
in a manner peculiar to that fort of them. Bqt in an 
appendix to the j>ofthumou8 work, mention is made of 
other methods, by which the common Eogaritluni, 
agreed upon by him and Briggs, may be conilrudled, 
and which it appears were written after that agree- 
ment, One of thefe methods is as fidlows : Having 
alfumed o for the Logarithm of i,. and roQO 8cc for 
the Logarithm of 10 ; this Logarithm of 10, and the 
fucceflive quotients, are to be divided ten times by 5, 
by which divifions there will be obtained thefe other 
ten Logarithms, namely 200000CCOQ, 400000000, 
Bcocoooo, 16000000, 32000CO, 640000, 128000, 
25600, 5120, 1024 ; then this laff Logarithm, and its 
quotients, being divided ten times by 2, will give thefe 
other ten l..ogaritlims, 

viz, 512, 256, 128, 64, 32, 16, 8, 4,2, I. 

And the numbcis anfwcring to thefe twenty Lo- 
garithms are to be found in this maimer, viz, Ex- 
trad the 5th root of 10 (with ciphcii), then tlic 
5th root of that root, and fo on for ten continual 
extradions of the 5th root ; fo ihall thefe ten roots be 
the natural number# belonging to the firft teivLoga- 
rithms above found, in dividing continually by 5. Next, 
out of tlie iall Cth root is to be extraded the fquarc 
root, then the iquarc root of this laft root, and lo on- 
for ten fucceffive extradions of the fq^uare rdot : fu 
ftiall thefe lalt ten roots riw natural cor- 

rcfjpofl^g to the Logarithms or q^ootiejits ^rihng from 

the 
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!^c kft ten dirifions by the number 2. 
thcfe twenty Logarithms, i, 2, 4 » H, ^c, at 
tural niiinbers the author obferves that o 1 

rithms and their numbers may be formed, . ^ ^ 

adding the Logarithms, and . l ihoiir 

rrfpondJng numlxH. But, btfides the .mmenfc Ubow 
of this method, it Is evident thU this pwcefs turn U 
generate rather an nntilonrithmw canon, Inch as Voa- 
foo\ than the table of Briggs. - , . • 

Napier nest mentions another method of deriving a 
feiv cf the primitive riLimbvrs and their Logarithms, 
nnmel^", hy tah/ng continuuUy ^cotnctricsl tneanSf iirit 
jbetween io and i, then between lo and this, mean, 
nnd again between 10 and the lall mean, and fo on ; 
and iftn taking the aritlimctical means between their 
corrrrponding IjOgarithms. 

He then lays clown various relations between num- 
berfi and their Logarithms, fucfi aj, that the produrts 
and quotients of numbers, anfwer to t!»e fums and dif- 
ferences of their Logarithms ; and that the powers and 
roots of numbers, anfwer to the produdbs and quotients 
of the Lo^atithms when multiplied or divided by the in- 
dex of the power or root, &c ; as alfo that, of any two 
numbers, wliofe Logarithms are given, if each number L« 
riifed to the power denoted by the Logarithm of the 
other, the two rcfulta will be equal ; thus, if w he the 
Logaii.hm of any number X, and^ the Logirllhm of 
Y, then is =r Y*. Ntmier then adverts to another 
method of making the Logarithms to a few of the 
prime integer numbers, which is well adapted to the 
. con{lni£lion of the common table of Logarithms ; 
tin's method eafily follows from what has been faid 
above, and it depends on this property, that the Loga- 
rithm of any number in this fcale, is one lefs than the ' 
number of places or figures contained in that power of 
the given number whoCe eJcpdneftt is 1 0000000000, dr 
the Logarithm of 10, at leaft its to" integer nuipbers, 
for they really differ by a fraftion, as is fliewrt by Mr, 
Briggs in his illuftrations of thefc properties j printed 
at the end of this Appendix to the Lpnftru^lion of Lo- 
garitluns, 

Kepler gave a conftrudVion of Logarithms fomewhat 
varied from Napier's,' His work is divided into two 
parts : In the firft, he raifes a regular and purely ma- 
thematical fyftem of proportions, and the mcafurcs of 
them, demonftrating both the nature and principles of 
the conilrudion of Logarithms, which he calls the 
tneafures of ratios : and in the fecond part, he applies 
thofe principles in the a£^ual conllruftion of his tabic, 
which contains only 1000 numbei-s and their Loga- 
rithms. The fundamental principles are briefly thefe : 
That at the beginning of the Logarithms, their incre- 
ments or differences are equal to thofe of the natural 


Iv, and the arcs 

which have ftlic divijon^ 'foft b<^muiog 

the divifion to the only 


.means, differ. 

,e aritbnVct^oal means bc- 


that the aritkmcticaL a^jd,. 

Then by adding opntmi^Uy 
tween every two fucceflive ftcants, theTums will be the 
the feries of Logarithms, Or by adding ‘continually 
every two fecants, the fiiecelfive he the faics 

of the double Logarithms. He then derives all the 
other Logarithms from thefe M wc, by common 

^’^Briggs fjrll adverts to the methods mentioned above, 
in the Appendix to Napier's Conffrudion, which me- 
thods were common to both thefe authors, and had 
doubtlefs been jointly agreed upon by them. He firft 
gives an example ot computing a Logarithm by the 
property, that the Logarithm is one lefs than the num- 
ber of places or figures contained in that power of the. 
given number whofe exponent is the Logarithm of 10 
witli ciphers. Briggs next treats of the other geneial 
method of finding the Logarithms of prime numbers, 
which he thinks is an eafier way than the former, at 
leaft when many figures are required. This method 
confifts in taking a great number of continued geome- 
trical means between i and the given number whofe 
Logarithm is required; that is, firft extruding the 
fquare root of the given number, then the root of the firll 
root, the root of the 2d root, the root of the 3d root, 
and fo on, till the laft root (hall exceed i by a very fmall 
decimal, greater or lefs according to the intended num- 
ber of places to be in the Logarithm fought ; then 
finding the Logarithm of this imall number, by eafy 
methods deferibed afterwards, he doubles it as often as 
he made extradions of the fquare root, *^r, which is 
the fame thing, he multiplies it by fuch power of 2 
as is, denoted by the faid number of extradions, and 
the rcfult is the required Logarithm of the given num- 
ber ; as is evident from the nature of Logarithms, 

But as the extradion of fo many roots is a very 
troublcfomc operation, our author dcvlfes fomc inge- 
nious contrivances to abridge that labour, chiefly by 
a proper application of the feveral orders of the dif- 
ferences of numbers^ forming the firft inftance of w’hit 
may called tfx differential method } but for a particular 
defeription of thefe methods, fee my Trcatife of Log^ 
rithms, above quoted, pag. 65 See. 

Mr. James Gregory, im his Vera Circuli Hyperbole 
Quadratura, printed at Padua in 1667, having approxi- 
mated to the hyperbolic afymptotic ipaces by means of 
a feries of inferibed* and circumfcrlbed polygons, from 
thence (hews how to conrputc the Logarithms, .which 
are analogous to the areas of thofe fpaces: and Aus the 
quadrature of the hyperbolic fpaces became the fame 


mviuo V* uintiviivta aic vuuat hiwav- vi vais: iiawuita , /.» r i t • l U l 

numbers : that the natural numbers may be confidef- to'OK *8 fhe computation of the Lopnthms. He here 
ed as the decreafing cofines of incrcafing ares ; and alfo lays down various methpds to abridge the computa- 


that the' fccants of thofe arcs at the be^nning have 
the fame differences as the cofines, and therefore the 
fame differences as the Loga rithms* . Then, fince 
the ifecants are the reciprocals of the cofines of the 
fame arcs, from thk foregoing principles, he eftabhfhes 
the following method of raifing the firft 100 Loga- 
rithms, to the numbers 1000, 999, 998, &c, to 900 ; 

in this manner: Divide the radiut icxx>, Incrcafed 
with feven ciphers, by each of tlicfc numbers feparate* 


tion, with the affiftance of fomc properties of numbers 
themfelves, by which the Logarithms of all prime num- 
bers under 1000 may be computed, each by one multU 
plication, two divifions, and tne extradion pf the fquare 
root. And the fame fubjed is farther purfued in liis 
Exercitaiiones Gcpmetncsc. In this latter place, he 
firft finds aiv algebr^e expreifion, in ^n infinite feries, 

for the Logarkhii and then tte late for the 

Logarithm 
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•SL. I tnd ai the one fcric* liM all Itt 
1 — 


terms pofitivc, while thofc of the other arc altcmatcljr 
pofitive and negative, by adding the two together, 
every ad tern is cancelled, and the double of the other 


terms gives the Logarithm of the product of 


ii? :ind ^ 

I / I — rt' 


or the T/>garIthm of the • 


that 


is of the ratio of i — rf to i n : thus, he finds, 
firft <7 — + \a^ - in* &c = log. of 


and a + — hig. of 

theref. la + ==h of 

Whicli may he accounted Mr. James Gregory’s method 
of making Lognritlims. 

In 1668, Nicholas Mercator pnblifbed his Logarith- 
molcchnia, Inc Mtthodiis Conllrucndi Logarithmos, 
nova, accurata, & ficilis j In wIjIcIi he delivers a new 
Slid ingenious method for computing the Logarithms 
upon piinciples purely arithmetical; and here, in his 
modes of thinking and expreifion, he clofely follows the 
sclcbratcd Kepler, in his writings on the fame fubjed j 
sccounting Logaritliins as the meafurcs of ratios, or as 
tlie numbrr of raliuncula? contained in the ratio which 
any number bears to unity. Ptirely from tlufe principles, 
then, tlic number of the equal ratiunculic contained in 
foine one ratio, as of to to i, being fuppofed given, our 
aullior fhews howt!ieLoganthm,ormeidurc, of any other 
ratio may be found. 13 ut,this, however, only hy-lhe- 
bye, as not being the principal method he intends to 
teach, as his laft and bed. Having (hewn, then, that 
thefe Logarithms, or numbers of Imall ratios, or mea- 
furcs of ratios, may bo all properly repre fen ted by num- 
bers, and that of l, or the ratio of equality, the Loga- 
rithm or meafure being always o, the Logarithm of ic, 
or the meafure of the ratio of to to i, is moft conve- 
niently reprefented by i with any number of ciphers; 
he then proceeds to (hew how the meafurcs of all other 
ratios may be found from this lad fuppofition: and he 
explains thefe principles by fome examples in numherp. 

In the latter part of the work, Mercator treats of his 
other method, given by an infinite feries of algebraic 
terms, which arc collcacd in numbers by common ad- 
dition only. He here fquares the hyperbola, and finally 
finds that the hyperbolic Logarithm of i -f- a, is equal 
tp the infinite feries ^ — la'*' -f 3cc ; which 

rrfay bcconfidered as Mercator’s quadrature of the hy- 
pcrnol^ or bis general expreflion of an hyperbolic Lo- 
garith.m, in an inlinitc feries. 

And this method was farther improved by Dr. Wal- 
lis, rn the Philof. Tranf. for the year i668. The cele- 
brated Newton invented alfo the f|mc feries for the , 
quadrafure bf tlie hyperhida, and the conftru^lion of 
Logarithms, and that b<?L>ni the famp wer^ given by 
C^i?gory and Mercator, though unknown to one an- 
other, as appear by his letter to Mr. OUenburg, dated 
O^olwr 2^, *676,^ 'riic explanation and confiruAion 
of the Lo^mbms arc alfo faith er purfued In his Flux- 
ipns, pnblilhed jn * 736 by Mr. Colib,n.. 

Dr. Halley, uj the Fhuof, Tranf. for the year 1695, 
VoL. IL 


gave a very ingenious eflayon the conftru^lion of Lo- 
garithms, intiued, “ A moll compendious and facile 
method for confiruding the Logai ithraa, and exempli- 
fied and dcmonftratcd from the nature of numbers, 
without any regard to the hyperbola, with afpeedy me- 
thod for finding the number fi'om the given Logarithm,** 
Infiead of the more ordinary definition of Loga- 
rithms, viz, * numerorum proportionalium ajquidiffercn- 
tes comites,* the learned authonadopts this other, ‘ nu- 
mcri rationum exponeutes,* as belter adapted to the 
principle on which Logarithms are here conftruAed, 
confidering them as the number of ratiunculae contained 
in the given latios whofe Logarithms arc in quellion. 
In this way he firil arrives at llic Logarithmic Icrica be- 
fore given by Newton and others, and afterwards, by 
various combinations and feiTlions of the ratias, he de- 
rives othets, converging Hill fafter than the former. 
Thus lie found the J.ogaiithnid of fcvcral ratios, as be- 
low, viz, when multiplied by the modulus peculiar to 
the fcale of Logaritlmrs, 
g — q- — J^4 Scct the Log. of x to I -J- 

7 + >7* + + a 7* theXog. of r to i -- 7, 

L _ J . q. -1 L-. 3 ic, the Log. of a to h, or 

.1 ^ 

X q. JL. q- q. &c, the fam« Log, of a to or 
b lb*' 3152 4^^ 

ilq. q.H q. iL 5:c, the fame Log. of a to h, 

% 

A* 

— ; H- +7-; + the Log. of to or 

2z* oz* 

-iq.JLq._*-. q.-~ &c,the fame Log. of ^/ai toistii 

y\ ‘i/" V'* _ 1 u t r 

M’hcrc are any quantities, and the values of v,y,*, 

arc thus, viz, a* = y — ^ -f <1, y + i**. 

Dr. Halley alfo, firfi of any, performed the reverfe 
of the problem, by afligning the number to a given 
Logarithm ; vix, 

-L I q. / 4 . {/• q. -i— /3 q, ! — /♦ 5cc, or 

« 2*3 ^• 3*4 

4 = t - / + i/«-— -/ 5 + ! I* Set. 

b 2.3 2.3.4 

wliere / is the Logarithm of the ratio of a the le&, to b 

the greater of any two terms, 

Mr. Abraham Sharp of YorkHiIrc made many calcu- 
lations and improvercents in Logarithms, 6cc. The moft 
remarkable of thefe were, his quadrature of theciicic 
to 72 places of figures, and his computation of Ixiga- 
rithms to 61 figures, viz, for all numbers to 100, and 
for all prime numbers to I lOO. 

The celebrated Mr, Roger Cotes gave to the world 
a learned traft on the nature niid conltriuSlion of Loga- 
rithms: this was firft printed in the IMiilof. Tranf, N** 
338, and afterwards v ith his H.irmom'a McnliUiiruni in 
1722^ ifndcr the title Logometria. This tvacl has juftly 
been ct>mj>l4intkl of, as very oi/enre and intricate, and 
the principle is fomething bclwccn that of Kepler and 
the method of Fluxions. He invented the terms Mo - 
duius and Modular ratio, this being the ratio 

of 14- -J + ~ + ~ + — — + dec to I or 

I 2 2.3 2.3.4 2. 3 - 4-5 


of I to 1 


I i 2.3 2.3.4 *.3-4«5 

3 cC 4 . 


If 
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See i that is the ratio of 2*718281828459 &c to r, 
or the ratio <jf f to 0*367879441171 &c ; 
the^modulus of any f)(leni being the mcafurc or Loga- 
rithm of that ratio, wlnth in the hyp. Logarithms is 
I, and in Briggs’s or the common Logarithms is 
0*4^294481903 See, 

The learned Dr. Brouk T.ayIor gave another method 
of coiTijiuting Logarithms in the Philof. Tranf. No. 352, 
which 18 founded on th^fe three principles, viz, itl,'rhat 
the fum of the L^g^fithnis of any two numbers is the 
Logaiithm of the produd of thofe numbers ; 2d, That 
the Logarithm of i ie o, and confcqucntly that the 
nearer any number is to i, the neaurr will its Lo- 
garithm be to o ; 3d, Tliat the produd of two num- 
bers or fadors, of which the one is greater and the 
other Jefs’ than l, ncaur to r, than that fador is 
which is on the i-ime fide of 1 with itfclf ; fo of the two 
numbcis \ and t, the proclad ^ is Ids than i, but 
yet nearer to it than ^ i:<, which is alfo Icfs than i. — • 
And on thefe principles he fnindsan ingenious, though 
not very obvious, approximation to the Logarithms of 
given numbers. 

In the Philof. Tranf. a Mr. John Long gave a me- 
thod of conlh nding Logarithms, by means of a fmall 
table, fumetiling in the manner of one of Briggses me- 
thods for the lame purpofe. 

Alfo in the Philof. Tranf. vol, 6i, a trad on the 
condrudion of Logarithms is given by the ingenious 
JMr. William Jones. In this method, all numbers are 
eonddered as fume certain poweis of a condant deter- 
mined root : thus, any number a is conddered as thess 
power of any root r, or x = is taken as a general 
cxprefTion for ^11 numbers in terms of the conftant root 
r and a variable exponent %. Now the index % being 
the Logarithm of the numbci .v, therefore to find this 
Logaritlim, is the fame thing as to find what power of 
the radix f is equal to the number .v. 

An elegant trad on Logarithms, as a comment on 
Dr. Halley’s method, was alfo given by Mr. Jones in 
bis Syiiopfis Palmariorum Mathefcos, publifhed in the 
year 1706. 

In the year 1743, Mvt James Dodfon publidied his 
Anti-logarithmlc Canon, containing all Logarithms 
under 100, oco, and their correfponding natural num- 
bers to eleven places of figures, with all their differences 
and the proportional parts ; the whole arranged in the 
order contrary to that uXed in the common tables of 
numbe rs and Logarithms, the exad Logarithms being 
here placed fird, and their correfponding ueareft num- 
bers in the columns oppofite to them, 

And in 1767, Mr. Andrew Reid publlfhed an “ Effay 
on Logarithms,” in which he flicws the computation 
of Loganthms from principles depending on the bino- 
mial theorem, and on the nature of the exponents of 
powers, the Logarithms of numbers being nere confi- 
dered as the exponents of the powers of 10. In this 
way he brings out the ufual feries for Logarithms, and 
exemplifies JDr. Halley’s conftrudion of them. But 
for the particulars of this, and the methods ^iven by 
the other authors, we muff refer to the hiftoncal pre- 
face to my treat ife bn Logarithms. 

Befides the authors above-mentioned, many others 
have treated on the fubjeft of Logarithms ; among the 
principal of whom are Leibnit;£i ^uler, Madaurin, 


Wolfiug,KeilI,andprofcffor Simfon in an ingenious geo ' 
metrical trad on Logarithms, contained in his poffbu- 
mous works, elegantly printed at Glafgow in the year 
tyyb, at the expence of the learned Earl Stanhope, and 
by his lurddiip difpofed of in prefents among gentlemen 
mod eminent for mathematical learning. 

Fur the defeription and ufes of Logarithms in 
numeral calculations, with the fiiortell method of con- 
llruding them, fee the Hidorical Introduftion to my 
Logarithms, pa. 124 Sc feq. 

Briggs* % or Common Logarithms, are thofe that 
have I for the Logarithm of 10, or vdiich have 
0*4342944819 &c for the modulus j as has been ex- 
plained above. 

Hyperbolic Logarithms, are thofe that were com- 
puted by the inventor Napici*, and called alfo fonic- 
tiines Natural Lognrtihmsy having I for their modulus, 
01 2*302585092994 &c for the Logaiithm of lo. 
Thefe have fince been called Hyperbolical Logarithms, 
becaufc they are analogous to the areas of a rlght- 
angle<l hyperbola between the afymptotcs and the 
curve. Sec Logarithms, alfo Hyperbola and 
Asymptotic ^^pace. 

LogijVic Logarithms, arc certain Logarithms ©f 
fexagcfimal numbcis orfradions, ufcfiil in allronomical 
calculations. ’Bhc Logillic Logaritlim of any number 
of feconds, is tiie difference between the common Lo- 
garithm of that number and the Logarithm of 5600, 
the feconds in \ degree. 

The chief ufe of the table of Logidic Logarithms, 
is for the ready computing a proportional part in mi- 
nutes and feconds, wlien two terms of the proportion 
arc minutes and feconds, or hours and minutes, or other 
fuch fexagcfimal numbers. See the Introd. to my Lo- 
garithms, pa. 144. 

Imaginary Logarithm, a term ufed in the Log, 
of MTiaginary and negative quantities ; fuch as — <2, 
or rt* or <7/y/— I. The Ihients of cirtain imagi- 
nary cxpreffioiis are alfo Imaginary Logarithms ; as of 

■■■'■ ' , or of — % , &c. See Euler Analyf. Infin» 

— i cx^ — i 

vol. i. pa. 72, 74, 

It is well known that thc'expreflion — reprefents the 
fluxion of the Logarithm of dc, and therefore the fluent 
of — is the Logarithm of x; and hence the flueut 

X 

of — J is the Imaginary Logarithm of x. 

However, when thefe Imaginary Logarithms occu^r 
• in the folutions of problems, they may be transiormed 
into birciilar arcs or fedors j that is, the Imaginary 
Logarithm, or imaginary hyperbolic fedor, become#- 
a real cirailar fedor.^ Sec Bernoulli Oper, lorn, i, 
pa. 400, and pa. 512. Maclaurin’s Fluxions, art. 762. 
Coles’s Harmon. Menf. pa. 45. Walmcflcy, Anal, dts 
Mcf. pa. 63. 

LOGARITHMIC, or Logistic Curve, a^curve* 
fo called from its properties and ufes, in explaining and 
conflruding the^Logarithms, becaufe its ordinates are in 
geometrical pn^eluon, while the abfeiffes arc in arith- 
metical progremon ; fo that the abfeiffes are as the 
IfOgaritluDS of the correfponding ordinates. And hence 

the 
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the curve will be conftrufted in this manner; Upon 
Any Hotline, as an axis, take the equal parts AB, 
BC, CD, &c, or the arithmetical progrciTion AB, AC, 
AD, &c ; and at the points A, B, C, D, &c, eredl the 
perpendicular ordinates AP, BQ_, CR, DS, &c, iu a 
geometrical progrefiionj fo is the curve line drawn 
through all the points P, Q^, R, S, &c, the Loga- 
rithmic, or Logiftic Curve j fo called, hccaufc any 
abfeifs AB, is as the Logarithm 6f its oidinate 
So that the axis ADC &c is an afymptotc to the 
curve. 
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Hence, if any abfeifs AN ir .v, its ordinate 
NO — y, AP = I, and ^7 = a certain conlbnt quan- 
tity, 01 tlie modulus of the Logaiithms; then the 
equation of the cur\c is a; X log. of y = log. y‘. 
And if the fluxion of this equation be taken, it will 

be V = which gives llus propoilion, 

y 

j y : a 

but in any curve y : ^ : : y : the fubtnngent AT ; 
and theioforc the fubtangent of this curve is everywhere 
equal to the conilant quantity a, or the modulus of the 
Cogai illiins. 

‘ 7 0 find the Area contained between two ordinates. Here 
tlic fluxion of the area A oryi' Is y X = ay \ 


and the correft fluent Is A = X AP — y 

X AP — NO = <r/ X PV r= AT X PV. That 
is, the area Al’ON between any two ordinates, is equal 
to the rcftanglc of the conllant fubtangent and the 
d'ffcrcnce of the ordinates. And hence, when the 
l.'fclls is infinitely long, or tlic farther ordinate equal 
M nothing, then the Infinitely long area APZ is equal 
AT X AP, or double tlic tiiangle APT. 

For the Solid foi med hy the curve revolved about its 
a.x’is AZ. The fluxion of the folid is / — ^yV =. 
If X — = J>ayyy w here piR— 3 * 1416 ; and the correft 

fluent is s=:lpax =: {px AT x AP* — NO’, 

which is half the difTcrcnce between two cylinders of 
the coftimon altitude a or AT, and the radii of^their 
bafes AP, NO. And hence fuppofing the folid infi- 
nitely long towards Z, where y or the ordinate is no- 
thing, the infinitely long folid will be equal to 
I pa X AP* =z\p X AT X AP*, or half the cylinder 
on the famebafe and its altitude AT. 

It has been faid that Gujnier gave the firfl idea of 
a curve whofc abfeiffes are in arithmetical progrclfion, 
while the correfponding ordinatca are in geometrical 
progrclfion, or whofe abfeife arc the ‘I/Ogarilhms of 
their ordinates ; but I do not find it noticed in any part 
of his writings. This curve was afterwards confidcred 
by others, and named the Logarithmic or LogilHc 


Curve by Huygens in his Dlifertatio de Caufa Gravii 
tatis, where he enumerates all the principal properties 
of it, fhewing Its analogy to Logarithms, Many other 
learned men nave alfo treated of its .properties; parti- 
cularly Le Seur and Jacquier, in their Comment on 
Newton’s Principia ; Dr. John Keill, in t^e elegant 
little Trad on Logarithms fubjoined to his edition uf 
Euclid’s Elements; and Fiancis Mafeics £fq. Curfitor 
Baron of the Exchequer, in his ingenious Treatife on 
Trigonometry : fee alfo Bernoulli's Dlfcouifc in the 
Ada Elruditonim for the year 1696, pa. 216 ; Guido 
Orando’s Deinonftratio Thcoremntiim Huygeneanorum 
circa Logifiicam feu Logarithmicam Lineam ; and 
Emerfon on Curve Lines, pa. 19. — It is indeed rather 
extraordinary that this curve was nut fooncr announced 
to the public, fince it rcfults Immediately from Napier^ 
manner of conceiving the generation of IjOgarithms, by 
only fuppofing the lines whicli reprefent the natural 
numbers as phiccd at riglvt angles to that upon which 
the Logarithms are taken. 

This curve greatly facilitates tlicconccption of Loga- 
rithms to the imagination, and affords an almofl in- 
tuitive proof of the very important property of their 
fluxions, or very fmall increments, namely, that the 
fluxion of the number is to the fluxion of the Logarithm, 
as the number is to the fubtangent ; as alfo of this 
property, that if three numbers be taken very nearly 
equal, fo that their ratios may differ but a little from ii 
ratio of equality, as the three numbers looooooo, 
loooocoi, 10000C02, their difl’ercncos will be very near- 
ly proportional to the Logai ithms of the ratios of thofc 
numbers to each other: all >\’hich follows fiom the 
Logarithmic arcs being very little different from their 
chords, when they arc taken very fmall. And the con- 
flant fubtangent of this curve is what was afterwards by 
Cotes called tlic Modulus of the Syflem of Logarithms. 

Logarithmic, or hogijiic^ Spiral^ a curve conflriid- 
cd as follows. Divide the arch of a circle into any 
e^ual parts A B, BD, DE, &c; 
and upon the radii drawn to the 
points of divlfion take Qh, Cd, Ce, 

See, in a geometrical progreflion ; 
fo is the curve A the Loga- 
rithmic Spiral ; fo called, hccaufc 
it is evident that AB, AiJ|||AE, 

&c, being arithmeticals, are as the 
the I.ogarithm0ofCA,C7,CJ,Cr, 

See, which are gcomctricals; and a Spiral, hccaufc it 
vyinds continually about the centre C, coining con- 
tinually nearer, bdt without ever really falling Into it. 

In the Pliilof. Tranf. Dr. Halley has happily applied 
this curve to the divifion of the meridian line in Mer- 
cator’s chart. See alfo Cotes's Harmonia Mcnf., Guhlo 
Grando’s Demonft. Thcor. Huygen., the AiJta Erudit. 
1691, and Emerfon’s Curves, ^:c. 

LOGISTICS, or LOGISTICAL Arithmstic, 
a name fometimes employed for the arithmetic offexa- 
gcfimal fra^ions, ufed in aftronomlcal computations. 

This name was perhaps taken from a Greek treatife 
of Barlaemus, a Monk, who wrote a book of Scxageli- 
mal Multiplication, which he called Logiftic. Voflius 
places this author about the year 1 3 JO, but he miftakes 
the work for a Treatife on Algebra. 

The f»mc term how'cvcr has been ufed for the fulci 
4 of 
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' of computations in Algebra, and in other fpccics of 
Arithmetic ; witnefs the Logiftks of Victu and other 
writers, 

Shakcriy, in his Tabula Britannicse, has a Table of 
Logarithms adapted tofexagefirnal fractions, and which 
he calh Lo<j;illical Logarithms; and the expeditious 
arithmetic, obtained by means of them, he calls Lo- 
gilHcal Arithmetic, 

Logistical Curves Lincidx S/iralt the fame as the 
Logarithmic, which fee. 

I^ONG (Roger), I). D, maflcr of Pembroke- hall 
in Cambridge, Lowndes’s piofclTor of flftronorny in 
that univctlity, &c, was autlmr of a well-known and 
much appiovcd treatife of aftronomy, and the inventor 
of a renmikably curious allronomlcal machine. This 
was a hollow fphere, of i8 feet diameter, in which 
more than 30 perfons might At conveniently. Within 
Ade the furface, whiclx reprefented the heavens, was 
painted the liars nnd conllcllations, with the zodiac, 
meridians, and axis parallel to the axis of the world, 
upon which it was eafily turned round by a winch, 
lie died, December 16, 1770, at 91 years of age, 

A few years before his death, Mr. Jones gave feme 
anecdotes of Dr. Long, as follows : “ He is now in 
the 88th year of his age, and for his year# vegete and 
«6live. He was lately put in nomination for the ofBce 
of vice-chancellor ; he executed that truft once bcfoic, 

I think in the year 1737. Hi* is a very Ingenious per- 
fon, and fometimes very facetious. At the public 
Commencement, in the year 171 3» Dr, Greene (mafter 
of Bcnnct college, and afterwards biAiop of Ely) being 
then vicc-chanctllor, Mr, Long was pitched upon for 
the tripos performance j it was witty and humorous, 
and has paffed through divers editions. Some that re- 
membered thcdeliveiy of it, told me, that in addrcfiing 
the vice chanctllor (whom the uni\erfiiy wagsufually 
liyled Mlfs GtteneJ^ the tripo8*oiator, being a naiixc 
of Norfolk, and affuming the Karfulk dialed, inilcad 
of faying, Domine f^ice-Cuncellat iCf arihly pronounced 
the words thus, Donma ; which occa- 

fioncd a general fmile in that great auditory. His 
friend the late Mr. Bonfoy of Ripton told me this little 
incident*. ‘ That he and L)r. Long walking together in 
Cambridge in a dulky ^nlng, and coming to a (hort 
pojl Axed in the paveme* wlu’ch Mr, llonfoy in the 
midll of chat and inattention, look to be a h>\ Aaiiding 
in his way, he faid in a hurry, ‘ Gtt out of iny way, 
hoy !* • Th,:t /r,v, Sir^ faid tjn, Dvjdor very calmly and 
(lily, is a pod-boy, ^ho turr.s out of hi i way furmbody* 

1 could iccolltd fcveial other ingenious repartees if 
there were occallon. One thing is remarkable, he 
never was a hale and hearty man, always of a tender 
and delicate conllitution, yet look great care of it: 
his comitK)ii drink water; he alvvajs dines with the 
Fellows in the Hall Of late ycats he has left off eating 
flefh-mtats; in the roont tlieieof, puddings ; vege- 
tables, &c ; fometimes a glafs or two of wine,*' 

LONGIMFi'LRY, the art of meafining lengths or 
difliincfs, both accefTiblc and inaccefAblc, forming a 
part of- what is called Heights and Didauces, being an 
application of geometry and trigonometry to Inch 
meufnremenls. 

As to acceillble lengths, they are eafily meafured by 
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the a^ltial application of a rod, a chain, or wheel, or 
fome other mcafurc of length. 

but inacceflible lengths require the praftice and 
properties of geomettw and trigonometry, cUher in the 
rneafurement and con{(ru£lion,or in the computation. 
For example, Suppofe it were required to know the 
length or diftance between the two places A and B, to 
which places there is free accefs, but not to the inter-, 
mediate parts, on account of water or fomc other im- 
pediment; mtafurc therefore, from A .and B, the dif- 
tanccs to any convenient place C, which fuppofc to he 
thus, viz, AC = 735, and BC = 840 links; and let 
the angle at C, taken with a theodolite pr other indru- 
mciit, be 55* 40'. From thefe meafiires the length or 
didance AB may be determined, cither by geometrical 
meafiucmcnt, or by trigonometrical computation. 
Thus, Ard, lay down an angle C = 55® 40'', and upon 
its legs fet off, from any convenient fcalc of equal parts,. 
CA — 73 and CB = 84©; then meafure the dif- 
tance between the points A and B by the fame fcale 
of equal parts, which will be found to be 740 m'arly. 



Or this by cafculation, 

S.{0 180®- 35° 40'-= 124" 20', its half C2® 10 V 

735 

Snmi57$ 

105 - - 0*0211893' 

Tang. 62* 10' - - 10*2773793 

Tang. 7 - 9*1012880 

f. Sum or A— 99«'2r}J 9.9711092 

lof. z.C=55 4o 9‘9iC>8393 

So bC — 840 09242793 

ToAB=r:74P2 0*8699404 

Foya 2d Example— Suppofe it w'cre required to find 
thcAHftancc between two inacceflible objccls, as between 
the houfc and mill, Hand M; Aril meafure any con- 
venient line on the ground, as AB, 300 yards; then 
at the flatioQ A take the angles BAM 58*^ 20' ; 
and MAH = 37®; alfo at the ftati'on B take the 
.nngles ABH = 53° 30', and HBM =,4^® 13"; from 
liancc the diftance or length MH may be found, either 
by geometrical conftr'udion, or by trigonometrical Cal* 
culation, thua: 

Firft draw a line AB of the given length of 30*, 
by a convenient fcalc of equal parts ; then at the point 
A lay down the .angles BAM and MAH of the mag- 
nitudes 
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vitudctabore given t and alfo at the point B the given 
angles ABH and HBM ; jthen by applying the length 
HM to the fame fcale of equal pairs, it is found to be 
aearly 480 yards* , , . 

Otlierwite, by calculation. Firft, by adding and 
fubtrSding the angles, there is found as below ; 

37® 00^ 58® ao' 53® 30' 

58 20 53 10 4<i »< ; 

53 30 ■ 43 *5 ^5 ^ 


films 

from 


1.8 50 

ICO 00 


M ‘7 05 
180 00 


iL AHB3t 10 22 55 AMB 

Then, 

asfin. AHB :fin. ABH:: AB: AH == ^65-9776, 
tnd.asfin.AMliinn. ABM:: AB : AM === 761*4655; 

their fum Is 1 227*4451 
and their dlff. 295*4879 
Then as fum AM -|- AH : to dif. AM — AH : : 

tang, i AHM -f T AMH ~ 71*30', 
to tang. A AHM — | AM H 35 44 

the dif, of wlvloh is AMH =2 35 46. 

Laftly, 

a, f. AMH : f. MAH : : AH : HM =479*7935, 

the dlllancc fought. , , _ 

. LONGITUDE 0/ thf Earthy is fumetimes ufed to 
denote its extent from welt to eall, according to the 
dirtdion cf the equator. By which it Hands contra- 
dillinguilhed from the Latitude of the earth, winch de- 
noTCR its extent from one pole to the other. 

Lon’OItudp. cf a PJacct In Geography, is its longi- 
tudinal di (lance from foine firll meridian, or an arch of 
llic equator intercepted Iklwccit the meridian of that 
place and the lii ll meridian. 

Longitude in tht Jha’icns^ as of .i flar, ^c, is an 
arch of the ecliptic, counted from the beginning of 
Aries, to the place where it Is cut by a chele perpen- 
dicuhir to it, and pidfing through the place of the liar, 

1,onoitude of ibi Sun or SUrr from the next equinoc- 
tial poi/itf is the degrees they are dillaiU from the be- 
ginning of Aries or Libra, ciLhci before or after them ; 
wliioli can never exceed 180 degrees. 

Longitude, Geocentric^ Heliocentric^ &c, the Lon- 
gitude of a planet as feen from the egrth, or fioin the 
fun. See the refpe^tive terms. 

Longitude, in Navigations is the diftance ofa Hiip, 
jor place, eaft or weft, from fome other place or me- 
ridian, counted in degrees of the equator. When this 
diftance is counted in leagues, or miles, or in degrees 
of the meridian, and not in thofc proper to the paral- 
lel of Latitude, it is ufually called Departure. 

An eafy praflicable method of finding the Longi- 
tude at fea, is the only thing wanted to render the 
Art of Navigation perfe^, and is a problem that has 
greatly perplexed mathematicians for the laft two cen- 
turies ; accordingly moft of the commercial nations of 
Europe have offered great rewards for the d{rcovct7 of 
it ; and in confequence very confidcrablc advances have 
been made towards a perfect folution of the problem, 
efpecially by the Englifh* 


In the year 1598, the government of Spain offered a 
reward of 1000 crowns for tlie folution of this problem ; 
and foon after the States of Holland offered 10 thou- 
faud fturins for the fame. Encouraged by fuch offers, 
in 1635, M. John Moriu, nrofeffor of mathematics at 
Paris, propol’ed to cardinal Richllcu, a method of re- 
folving it; and though the commiflioncrs, who wtic 
appointed to examine this method, ou account of the 
imperfed ftate of the lunar tables, judged it infuffi- 
cient, cardinal Mazarin, in 1645, pi ocured for the au- 
thor a pcnfion of 2000 livres. 

In 1714 an acSl was pafTcd in llic Brltifh parliament, 
allowing 2000I. tow'aids making experiments ; and alfo 
offenng a leward to the perfon who (hould difcovtr the 
Longitude at fca, propoitiuncd to the degree of accu- 
lacy that might he attained by fuch difcovciy ; viz, a 
reward of 10, cool, if it detennines the Longitude to 
one degree of a great circle, or 60 geogiapliical miles ; 

1 5,ocol. if it determines the fame to two-thlids of that 
fliilance; and 20,oooh If it deteimines it to half that 
diftance ; with other regulations and encouragements. 
13 Ann. cap. 15. Sec alfo Hat. Geo. II, cap. 39, and 
26 Geo. II, cap. 25. But, by flat. Geo. Ill, all 
former afts concerning the Longitude at fca arc re- 
pealed, except fo mwen of them as relates to the ap- 
pointment and authority of the commilTioners, and 
fnch claufes as relate to the publifhing of nautical al- 
manacs, and other ufeful tables ; and it cnafts, that any 

f erfon who ftiall difeover a method for finding the 
ongitude hy means ofa tlmc'lctcpcr, the priiJcmlts 
of which have not hitherto been made public, fhall be 
entitled to the reward of 5000I. if it (hall enable a fliip 
to keep her Longitude, du/*ing a voyage of 6 months, 
within 60 geographical mijts, or one degree of a great 
circle; to 7500I. if within 40 gcogia^Ical miles, or 
two-thirils of a degree of a great circle ; or to a re- 
ward of io,oool, if within 30 geographical miles, or 
half a degree of a great circle, But if the method 
'•fludl be by means of improved folar and lunar tables, 
the author of them fiiall be entitled tq a reward of 
5000I. if they Ibew the diftance of the moon from the 
Inn and ftars within 15''' of a degree, anfwcrlng to 
about 7' of Longitude, after making an allowanee of 
half a degree for the errors of obfervation, aud aftiT 
cumparilon with aflronomical obfervations for a period 
of 18^ ycais, or during the period of the irregiilarltica 
of the lunar motions. Or that in cafe any other me- 
thod /hall be propofed for finding tlie i.ongiiude at fca, 
belides thofc bel remicntloiicd, the author fhall be en- 
titled to 5000I. if it Iball determine the Longitude 
vvitliin one degree of a great circle, or 60 geographical 
miles; to 7-, col. if within two-thirds of that diftance; 
and to lOjOool. if within half the faid diftance. 

Accordingly, xn:iiiy attempts have been made for 
fuch difeovery, and feveral ways propofed, with various 
degrees of fuccefa. Thefc however have been chiefly 
diie 61 cd to methods of determining the diflercnce of 
time between any two points on the earth ; for the 
Longitude of any place being an arch of the equator 
intercepted between two meridians, and this arc being 
propoitional to the time required by the fun to move 
from the one meridian to the other, at the rate of 4 
minutes of time to one degree of the arch, it follow.** 
that the difference of time being known, and turned 

into 
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Jfito ct^;;ccs according to tijat proportion, it will give 
tlif l/fnigitude. 

Tins mcafujcmcnt of time lias been attempted by 
forne pcrfoiH by means of clocks, watches, and other 
automata: for if a cluck or watch were contrived to 
go uiiiforinly at all fcalbiis, and in all places and fitna- 
tions ; fiich a machine being regulated, bn i. 'L to 
or Greenwich time, would nU\a)s 'nw tie 
time of the day at Loiu!<*u or Giccnuich, u In rt ' er 
it ih(juld be carried to ; then the time of the day at this 
))lice being found by ubfcivations, the dificrence be- 
tween thcic two times uoiild give the dlfleience of 
Longitude, according to tlie propoition of one degree 
to minutes of time. 

(jcmma Fiifius, in his tiacl De pMUcipils Aftrono- 
mlx ct (icojnaphiie, printed at Antneip in 1530, it 
ieems 111 II fuggcllcd the method of fituling the Longi- 
liide at fca by means of watches, or limc*kecpeis ; 
uhieh machiius, he fays, wtretlicn but lately invented. 
And luon after, the fame was attempted by Metius, 
;nul fomc others; but tlie Hate of watch-making was 
then too in^perfeft for that purpofe. Dr. Hooke and 
IVtr. Hu)gcns alfo, about the year 1C64, apjdicd the 
imention of the pendulum-fpring to watclics ; and em- 
ployed it for the pmpofc of difcovcriug the I^ongiludc 
at fea. Some dirpnles however between Dr. Hooke 
and the EnglKh hlinillry prevented any experiments 
from being made witli wr'tcbes conilrinSlecl by him ; but 
many experiments were made with fome contlrud-d by 
Huygens; particularly Major Holmes, in a voyage from 
the coai'l of Guinea in 1665, by one of theie watches 
preditfU’d the Longitude oftheilland of Fuego to a 
great degice of accuracy. This fuccefs encouraged 
Huygens to improve the ilru^lure of his watches, 
(fee rhilof. Tranf. for May 1669); hut experience 
foon convinced him, that uulcfs methods could be 
difeovered for preferving the regular motion of fuch> 
machines, and preventing the effe^ls of heat and cold, 
and other difturbing caufes, they could never aiifwef 
the intention of difeovtiing the Longitude, and on this 
account his attempts failed. 

The fiirt perfon who turned his thoughts this way, 
aftci the public encouragement held out by tlic of 
1714, was Henry Sully, an Fnglifliinan; who, in the 
fame year, pn’nted at Vienna, a fmall trad on the fub- 
jed of watch-making ; and afterwards removing to 
ILiris, he employed Iiimfcif there in Improving time- 
keepers for the difcoveiy of the Longitude. It is faid 
he grtatly dimluinied the fridion in the macliine, and 
rcncJcied iinii'oim that which remained; and to him is 
principally to be attributed what is yet known of watch- 
making in France ; for the .celebrated Julien le Roy 
was his pujjil, and to him owed moil of his inventions, 
which he afterwards perfefted and executed : and this 
geiultman, with his fon, and M. Berthoud, are the 
principal peifons in France who have turned their 
thoughts this way fince the time of Sully. Several 
watches made by thefe laft two ai lifts, have been tried 
at fca, it is faid with good fuccefs, and large accounts 
have been publifhed ot thefe trials. 

In theyear 1 7 26 our countryman, Mr.JohnHarrifon, 
produced a tlmc'kccperof his owmconftrudion,w’hich did 
not err above onefeebnd in a mont^, for 10 years toge- 
ther; and in the year 1736 he had a machine tried in a 


voyage to and from Lilbon ; which was the means of cor- 
reding an error ofaUuoft a degree and a half in the compu- 
tation of the fhip's rcckonii\g. In confequcnce of this fuc- 
cefs, Mr. Harrifon received public encouragement to pro- 
ceed, and he made three other time-kecpcrs, each more 
accurate than the former, which w’cre finimed fuccellively 
in the years 1739, 1758, and 1761 ; the la ft of which 
pn)vcd fo much to his own fatisfa6Iion, that he applied 
to tlic commiftioners of the Longitude to have this in- 
ftiurntnt tried in a voyage to fome port in the Weft 
Indies, according to the diredions of the ftatutcofthe 
1 :th of Anne above cited. Accordingly, Mr. William 
Haiiil'on, fon of the inventor, embarked in November 
1761, on n voyage for Jamaica, with this 4th tlme- 
ket per or watch; and on his arrival there, the Longitude, 
as (hewn by the time-keeper, clifTcrcd but one geogra- 
phical mile and a quarter from the true Longitude, de- 
duced from aftronomical obfci vations. The fame gen- 
tleman returned to England, with the time-keeper, 111 
Mauh 1762 ; when he found that it had erred, in the 
4 months, no nu>rc than i' 54' ^ in time, or 2 8f mi- 
nutes of Longitude ; whereas the ad requires no greater 
cxadikTs tlian 30 gtographical miles, or minutes of a 
great circle, in Inch a voyage. Mr. Harrifon now 
claimed the wIkjIc ixwaid of iO,oooI, oflered by the 
faid ad : but fome doubts aiifing in the minds or the 
commilDoncis, concerning the tiue fituation of the 
iHand of Jamaica, ai;d the manner in wlu’ch the time at 
that place had betn found, as well as at Poitfinouth ; 
and it being taithcr fuggcllcd by fome, that although 
the time-keeper happened to be light at Jairiaica, and 
after its return to England, it washy no means a proof 
that it had been alw-ays fo in the intennediate times; 
another trial was therefore propofed, in a voyage to 
the ifland of Barbadocs, in which precautions w'cre 
taken to obviate as many of thefe objedions as polTible. 
Accordingly, tlie commiftioneis previouOy fent out pio- 
per perfons to make aftronomical obftrvations at that 
jftand, which, wl;en compared with other conefpond- 
ing ones made in England, would determine, beyond 
doubt, its true fituation: and Mr. William Harrifon again 
fet out with his father’s time keeper, in March 1764, the 
watch having'1)een compared with equal altitudes at 
Portfmouth, before lie fet out, and he arrived at Bar- 
badoes about the middle of May ; where, on comparing 
it again by equal altitudes of the fun, it was found to 
ftiew the dift'crcncc of Longitude, between Portfmouth 
and Baibadoes, to be 3^* 55*" 3'; the tiue diffcj'tnce of 
Longitude between thefe places, by aftronomical ob- 
fervations, being 3'^ 5^'" 20*; fo that the error of the 
watch was 4 or 10 45" of Lengitude. In confc; 
quence of this, and the former trials, Mr. Harrifon re- 
ceived one moiety of the reward offered by the 12th of 
Queen Anne, after explaining the principles on which 
his watch was conftruded, and delivering this as well as 
the three former to the Commiflioners of the Longitude, 
for the ufc of the public ; and he was promiftd the 
other moiety of the reward, when other time-keepers 
(hould be made, on the fame principles, cither by him- 
fclf or others, performing equally well with that wdiicli 
he had lad made. In the mean time, this 4 aft time- 
keeper was fent down to the Royal Ohfervatmy at 
Greenwich, to be tried there under thcjdirc^ion of thje 
Rev. Dr* Maikelyne, the Aftronomer Royal. But it 
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di<3 not appear, during this trial, tliat the i^atch went 
with the regularity that was expcif^ed j from which it 
was apprehended, that the performance even of the 
fame watch, was not at all times equal; and confe- 
fequently that little certainty could be expelled in the 
performance of different ones. Moreover, the watch 
was now found to go faOer than during the voyage to 
and from Barbadoes, by 1 8 or 19 fecondsin 24 hours: 
but tliiscircumilance was accounted for by Mr. Harri- 
fun ; who informs us that he had tillered the rate of its 
going by trying fome experiments, which he had not 
time to finifl) before he was ordered to deliver up the 
watch to the Board. Soon after this trial, the Com- 
inifiioncrs of Longitude agreed with Mr. Kendal, one of 
the watch-makers appointed by them to receive Mr. 
HarrifOn’s difcovcries, to make another watch on tlic 
fame conllrudion with thi<?, to determine whether 
fcch watches could be made from the account wliich 
Mr. lianifon had g^^cn, by otlicr perfons, ab well as 
lu'infelf. The event proved the affuinativc ; for the 
watch pioducedby Mr. Kendal, in confcqucnCc of this 
agreement, went conliderably better than Mr. Hairi- 
h’n’sdid. Mr. Keiidars watch was fent out with Capt. 
Cook, in his 2d voyage'^owards the fouth pole and round 
ihc globe, in the year 1772, 1773, 1774, and 1775; 
when the only fault found in the watch was, that its 
rate of going was continually accelerated ; though in 
this trial, of 3 years and a half, it never amounted to 
a day. The confcquencc was, that the Houfc of 
Commons in 1774, to whom an appeal had been made, 
were pleafed to order the 2d moiety of the reward to be 
given to Mr. Harrifon, and to pals the a^f above men* 
lioncd. Mr. Harrifon hud alfo at different times re- 
ceived fome other fums of money, as encouragements to 
him to continue Ills cndcavoius, from the Board of Lon- 
gitude, and fioin tlie India Company, as well as from 
many individuals. Mr. Arnold and fome other per- 
lons have fmee alfo made feveral \ciy good watches 
for tlic fume purpofe. 

Othcis have propofed various agronomical mctliods 
for finding the Longitude. Thefe methods chiefly de- 
pend on having an ephemeris or almanac fuited to the 
meridian of fome place, as Greenwich for intlancc, to 
whicii the Nautical Almanac is adapted, which Ihall 
contain for every day computations of the times of all 
remarkable cekllial motions and appearances, as adapted 
to that meridian. So that, if the hour and minute be 
known when any of the fame phenomena arc obferved 
in any other place, whofe Longitude is defired, the 
difference between this time and that to W'hich the time 
of the faid phenomenon was calculated and fet down in 
the almanac, will be known, and confcquently the 
difference of Longitude alfo becomes known, between 
that place and Greenwich, allowing at the rate of jy 
degrees to an hour. 

Now it is cafy to find the time at any place, by means 
the altitude or azimuth of the fun or flars ; which 
time it is neceflary to find by fuch means, both in thefe 
aftronomical modes of determining the Longitude, and 
in the forioer by a tiitie-keeper j and it if the difference 
between that timCf fo determined, and the time at 
Greenwich, known cither by the time-keeper or by the 
aftronomic^ obfcrvaiions of ccleftial phenomena, w hich 
gives the difference of Longitude, at the rate above* 


mentioned. Now the difficulty in thefe methods lies 
in thefewnefs of proper phenomeua, capable of being 
thus obferved ; for all flow motions, fuch as belong to 
the planet Saturn for inftance,, are quite excluded, at 
affording too fmall a differetice, in a confidcrable fpacc 
of time, to be properly obferved ; and it appears that 
there are no plienomcna rn the heavens proper lor 
this purpofe, except the ecllpfes or motions of Jupiter** 
fatcllite?, and the cclipfcs or motions of the moon, viz, 
fuch as her diftance from the fun or certain fixed liars 
lying near her path, or her Longitude or place in the 
zodiac, &c. Now of thefe me( hods, 

ill, That by the eclipfes of the moon is very eafy,. 
and fufficiently accurate, if they did but happen often, 
as every night. Fur at the moment when tlie begin- 
ning, or middle, or end of an celipfe is obferved liy a 
tcicfcope, there is no more lo I'c done but to deter- 
miiie the time by obferving tlie altitude or a/iinuth of 
fome knovi’ii flar ; w'hich time being compared witii 
that in the tables, fet down for the liappcniiig of tlic? 
lame phtnomenon at Greenwich, gives the dilKtrenee in 
time, and conrcqueiitly of Lorg'itude fought. Bui as 
the beginning or end of an cclipfe of the nKniii (aniiot 
gcneidliy he obferved nearer than one mimite, and 
lometimes 2 or 3 miiuitea of time, the Longitiuie cannot 
certainly be determined by this method, ftoai a linglc 
obfervation, nearer than one degree of Longitude. 
However, by two or more obfervations, asoftlie begin- 
ning and end &c, a much gt eater degree of exattiula 
may be attained. 

2d, The moon’s place in the zodiac a phcncunc- 
non more frequent than that of her eclipfes; hut then 
the oblervation of it is difficult, and the cak ulus jo^r- 
plexed and intricate, by renfon of two parallaxes ; lo 
that it is hardly praillcable, to any toleiablc degree of 
accuracy. 

3d, But the moon’s dillanccs from the fun, or certain 
fixed liars, are phenomena to be obferved many times 
V) almoll every night, and alFord a good pradical me- 
thod of determining the Longitude of a Ihip at almoft 
any time ; either by computing, from thence, the moon’s 
true place, to coinpmc with the fame in the almanac ; 
or by comparing her obicncd dlllance ilJtlf with thtf 
fame a.s there fet down. 

It IS faid that the lirll perfon who recommended the 
finding the Longitude fioin this obferved diftance be- 
tween the moon and fome liar, was John Werner, of 
Nuremberg, who pn'nted his annotations on the lirlt 
book of Ptoloiny’s Geography in 1^14. And the fame 
thing was recommended in 1524, by Peter Apian, pro* 
feffor of mathematics at Ingollladt; alfo abijiit 1530,. 
by Oronce Fine, of Brlan^on ; and the fame year by 
the celebrated Ktjflcr, and by Gemma Frilius, at Ant- 
w'crp ; and in 1560, by Nonius or Pedro Nuticz. 

Nor were the Englilh mathematicians behind hand on ’ 
this head. In 1 665 .Sir Jonas Moore prevailed on king 
Charles the 2d to ereft the Royal Obfervatory kt Green- 
wich, and to appoint Mr, Flamfleed his aftronomical 
obferver, with this exprefs command, that he fliould 
apply himfelf with the utmoft Ca«*e and diligence to the 
rcaifying the table of the motions of the heavens, and 
the places of the fixed liars, in order to find out the 
fo much defired Longitude at fca, for perfecting the 
Art of Navigation* And tOi the fidelity and induftry 

with 
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with which Mr. Flam deed executed his commiiTion, it 
w chat we arc chiefly indebted for that ciitmius theory 
of the moon, which was afterwardi formed by the im- 
morti Newton. This incompaiab/e philofophcr made 
the bed polfiblc ufe of the obfervations with which he 
wasfur/ij/hcd but asthefe were iiirerru[)ted and unper- 
fc£i, his theory would fomttimes differ from the hca- 
fcos'hy f wlnutes or more. 

Dr. Hjlky beilowed.'mucb time on the fame ohjc 6 l ; 
MtJci H Starry Zi id me ivas puhhthcd under his dlrcehon, 
containing all the ihira to which the moon’s appul/'e cun 
he obferved ; but for want of corret} tjbic.s, and pio- 
per infhuments, he could not proceed in making the 
uccefiaiy obfervations. In a paper on iliis fobjeCt, in 
the J’hilol. Ti an r. number 421, he expreflls liis hope, 
that the inflrunient jull invented by Mi\ Hadley miglit 
be applied to taking angles at fea with the defned ae- 
enrary. 'Hns great aflrononier, and alter him the Abbe 
dc 1 h Gallic, and others, ha\e reckoned the bell aflro- 
nomical niethod lor finding the Ijongiliidc at Tea, to be 
that in whieh the dillance of the moon from the fun or 
from a liar is ufed j for the moon’, daily motion being 
about 1 3 degrees, her hourly mean motion is above luilf 
a degree, or one minute of a ilegite in two ininntcs of 
time } fo that an error of one minute of a degree in po- 
rtion will produce an error of 2 minutes in time, or 
half a degree in Longitude, Now ftom the great im- 
provements made by Newton in the theoiy of the moon, 
and more lately by Lulcr and others on his principles, 
rofelTor Mayer, of Gotiengen, was enabled to calculate 
mar tables more corred than any former ones ; hav- 
ing fofar fuccceded as to give the moon’s place within 
one minute of the truth, as has been piovcd by a com- 
paiifon of the tables with the obfervations made at the 
Greenwich obfervatory by the late Dr. llradley, and by 
Dr. Maflceliiie, the prefent Allronomcr Royal; and the 
fame have been llilllaiihcr impi*ovcd under hisdiredion, 
by the htc Mr. Charles Mafou, by fevcral new equations, 
»nd the whole computed to tenths of a fecond. Thefe 
new tables, when compared with the al>ovC’mentioned 
ferics of obfervaiion«, a proper allowance being made 
for the unavoidable error of obfcrvalion, feem to give 
always the moon’s I .ongitude in the heavens corrc^Iy 
within 30 feconds of a degree ; which grcatcll error, 
added to a polFible error of one minute in taking the 
moon’s dillance from the lun or a liar at fen, will at a 
medihm only produce an error of 42 minutes of Longi- 
tude. To facilitute the ufe of tliet«ibles, Dr. Maflcelyuc 
propofed a nautical ephemeris, the fcheme of which was 
adopted by the Comnilirioners of Longitude, and Hrft 
executed in the year lyl'V, nnee which time it has been 
regularly continued, and publilhed ae far as for the year 
1 800, iiiit as the rules tliat vvcic given in the appendix 
to oncofthofe publications, for corre^liiig thccffc6lsof 
reflation and piirallax, were thought too difficult for 
geneial ufe, they have l>ceui educed to t.ihlcs. So that, 
by the help of the ephemevia, thefe tables, and others 
that are alio provided by the Board of Longitude, the 
calculations relating the Longitude, wliich could 
not be performed by tire moll expert mathematician in 
lefs than four hours, may now be completed with 
gieat cafe and accuracy in half an hour. 

As this method of determining the Longitude de- 
pends 00 the ufe of the tables annually publilhed hr 


thispurpofe, thofewhowilh for farther information are 
referred to the inUrudions that accompany them, and 
p irticularly to thofe that arc annexed to the Ta^/a 
requ'ifte to he ufed with the Jjironomkal and Nautical 
Ephcmcris^ 2d edit. 1781, 

4ih. The phenomena of Jupiter’s fatcllites have 
commonly been preferred to thofe of the moon, for 
/inding the Longitude ; becaitfe they are kfs liable 
paralhxes than thefe arc, and bchdvs they afford a very 
commodious ohfervation whenever the planet is above 
the horizon. Their motion is very fwlft, and muff be 
calculated for every hour, Thefe fatcllites of Jupitci* 
wcie no fooncr announced by Galileo, in his Syderini 
Nuncius, firll printed at Venice in 1610, tlian the fre- 
quency of their cclipfcs iccornmcnded them for this pnr- 
pofe ; and among thofe wlio treated on this fubjedV, 
none was more fuccefsrul than Caflini. This great 
allronomer publilhed, at Bologna, in 1688, tables for 
Calculating the appearances of their eclipfes, with di- 
rections for Ending tlic Longitudes of places by them ; 
and being invited to France by Louis the 14th, he there, 
in the year 1693, pubhllicd more conert tables of the 
fame. But the mutual attraflions of tlic fatcllites icn- 
dci ing their motions very irregular, thofe tables foon lie- 
c.imc ufelefs for this puipofc ; iiifomucli that tliey re- 
quire to be lenewed from time to time ; a fervice which 
has been performed by fcvtral ingenious allronoineis, as 
Dr. Pound, Dr. Bradley, M. CalFini the fon, and more 
efpecially by Mr. VVargentin, whofe tables are much 
cllcemed, wliich have been publiflied in fcveral places, 
as alfo in the Nautical Almanacs for 1771 and 1779. 

Now, to find the Longitude by thefe fatcllites ; with 
a good telcfcope obfcivc fome of their phenomena, as 
tlie conjun£iion of two of them, or of one of them with 
Jupiter, &c*, and at the fame time find the hour and 
minute, from the altitudes of the liars, or by means of 
a clock or watch, previonfly regulated for the place of 
obfervation ; then, confultmg tables of the fatcllites, 
obferve the time wditn the fame appearance happens in 
the meridian of the placC for which the tables arc cal- 
culnted ; and the dilfcrence of time, as before, will 
give the Longitude. 

Thccchpfcsof the fiHl and fcconJ of Jupiter’s fatcl- 
lites arc the moll proper for this purpole ; and as they 
happen almoll daily, they afford a ready means of deter- 
minmg the Longitude of places at land, having indeed 
contiibntcd much to the modern improverafnts in geo- 
graphy ; and if it were poflible to obferve them with 
piopcr lelefcopcs, in a fhip under lail, they w^oUld be of 
great fervice in afeertaining its Longitude from time to 
time. To obviate the inconvenience to which thefe ob- 
fervations are liable from the motions of the (hip, a Mr. 
Irwin invented what he called a marine chair ; this was 
tried by Dr. Malkelyne, in his voyage to Barbadoes, 
when it was not found that any benelit could be derived 
from the ufe of it. And indeed, confidenng the great 
power requifit£ in a telefcopc proper for thefe oblervaF 
tions, and the violence, as well as irregularities iti the 
motion of a Ihip, it is to be feared that the complete 
management of a telcfcope on ftiip-board, will alwayt 
remain among the dcfiderata in this part of nautical 
fcicnce. And farther, fince all methods that depend 
on the phenomena of the heavens have alfo this other 
defc6l, that they cannot be obferved at all times, this 
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renders i\\t ImproTcment of timc-kccpcrs an objcfl of the 
greater importance. 

Many other fehemes and propofals have been made by 
different perfons, but mbtt of them of very little or no 
ufe-; fiich as by thcfpace between the flafh and report 
of a great gun, propofed bv MelTrs. Whifton and Dit- 
ton ; and another propofed by Mr. Whifton, by means 
of the inch’natory or dipping net die ; befldcs a method 
by the variation of the inagiictic needle, &:c, tS:c. 

LoNGiruDE ofJlIo/hfi, is a term ufed hy Dr. Wallis 
for the meafure of motion, eRimatcd according to its 
line of direction j or it is the dlllancc or lengtli gone 
through by the centre of any moving body, as it inoves 
on in a right line. 

The fame aiuhor calls the meafure of any motion, 
cflimated according to the line of diredfoii of the vis 
'motrix, the Alt’itiuJc of It. 

LONGOMONTANUS (Ckrtstiaii), a learned 
aflronomer, born in Denmark in 1562, in the village 
of Longomontmn, whence he took his name. Vuflius, 
by mldake, calls hini Chrillopiier. Being the fon of a 
poor man, a plowman, he was obliged to fuffer, during 
his dudles, all tlie hardfliips to which he could be cx- 
pofed, dividing his time, like the phllofopher Cleanlhes, 
between the cnlilvation of the eaith and the leflbns he 
received from the minillerof the place. At length, at 
1 5 years old, he Hole away from his family, and went 
to Wiburg, where there was a college, in which he 
fpent 1 1 years ; and though he was obliged to earn his 
livelihood as he could, his clofe application to fludy 
enabled him to make a great progrcls in learning, par- 
ticularly in the mathematical icicnccs. 

From hence he went to Copenhagen ; w'hcrc the pro- 
fclfors of that univerfity foon conceived a very high opi- 
nion of him, and recommended him to the celebrated 
Tycho Brahe j w'ith whom Longomontanua lived 8 
years, and was of great fervice to him in his obferva- 
tions and calculations. At length, being veij dcfiroui 
of obtaining a profelfor’s chair in Denmarfe, Tycho 
Brahe conlenud, with feme difficulty, to his leaving 
him ; giving him a difeharge filled with the highell teili- 
monies of his eficem, and funiifliitig him with money 
for the expence of hia long journey from Germany, 
whither Tycho had retired. 

He accordingly obtained a profcirorlliip of mathema- 
tics in the univeriity of Copenhagen in 160^ ; the duty 
of which hte difeharged very worthily till his death, 
which happened in 1647, at 85 years of age. 

Longomontamis was author of feveral works, which 
ffiew great talents In mathematics and afirenomy. The 
moft diftinguiffied of them, is his Jijlronomica Danka^ 
firft printed in 4to, 1621, and afterwards in folio in 
J640, w'ith augmentations# He amufed himfclf with 
cndeavoirring to fquarc the citscle, and pretended that he 
had made the difc*ovcry of it ; but our countryman Dr. 
John Pell attacked him warmly oirthat fubjed, and 
proved that he was millakcn.— — It is remarkable that, 
obfeure as his village and father were, he contrived to 
dignify and eternize them both ; for he took his name 
from his village, and in the title page to foinc of his 
works h<r wrote him ft If Chrijltnaut Lw^pmontanus Se* 
vtr'mi Jiltus^ bis father's name being S^orin or Severi- 
uus. ' 

LOXOjillOMlC Curve, or Seiran is the fame 
Vou 11. 
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as the Rhumb line, or path of a ffiij> failing ahvayi o* 
the fame courfe in an oolique dire£^ion, or making al- 
ways the fame angle with every meridian. It is a fpe- 
cics of logarithmic fpiral, deferibed on the furface of thi 
fphere, having the meridians for its radii. 

LOXODROMICS, the art or method of oblique 
failing, by the loxodromic or rhumb line. 

LOZKNGF, an oblique-angled parallelogram ; 
being othenvife called a rhombus, or a rhomboidcs, 

LUBIiiNlETSKI (Stanislaus), a Poli/h gentle- 
man, born at Cracow, in 162 and educated with 
great care by his father. He was learned in aftronomy, 
and became a celebrated Socinlaii miniftcr. He took 
great pains to obtain a toleration from the German 
princes for his Socinian brethren. His endeavours how- 
ever w'cre all in vain ; being himfclf perfecuttd by the 
Lutheran minillers, and baniflied from place to place ; 
till at length he was baniflied out of the world, with hig 
two daughters, by poifon, in 1675, his wife nairowly 
cfcaping. 

\Vchave, of his writing, A Hlftor^ of the Reformation 
hi Polar: J ; and a Treatife on Comets, intitled Thea^ 
tram Comet'mm^ printed at Amllerdam in 2 volumes 
folio ; which Is a moft elaborate work, containing a mi- 
nute hlflou'cal account of every Angle comet that liad 
been feen or recoidcd. 

LUCID A CoRONit, a fixed flarof the 2d magnitude, 
in the noithern crown. See Corona BortalU* 

Lucida I Ivor-*:, See Con Hydra, 

Luc I DA Lyra:, a bright ftar of the firfl magnitude in 
the conftcllation Lyra. 

LUCIFER, a name given to the planet Venus, 
when flic appears in the morning before funrife. 

LUMINARIES, a term ufed for the fun and moon, 
by w’ay of eminence, for their extraordinary luftre, and 
the great quantity of light they give us. 

LUNA, the Moon j wliich fee. 

LUNAR, fomething relating to the moon. 

Lunar Cjr/r, ox Cycle of the Moon, See Cycli, 

Lunar Method for the Longitude^ a method of keep- 
ing or finding the Longitude by means of the moon's 
motions, particulaily by her obferved diflanccs from the 
fun and fturs ; for which, fee the article Longi- 

1 UDE, 

I.unar Month, is cither Periodical, Synodical, or 
Illuminative. Which fee; alfoMoNTJi. 

Lunar Tear, confifts of 35:4 days, or 11 fynodical 
months, of days each. Sec Year. 

In the early ages, the lunar year w^as uftdby all na- 
tions j the variety of courfe being more frequent and 
confpicuous in Inis planet, and confcqucntiy better 
known to men, than tnofc of any other. The Romans 
regulated their year, in part, by the moon, even till the 
lime of Julius Cxfer. The jfeWs too had thdr lunar 
month and year. 

Lunar Dial, EcUpfe, Horofeope^ and Rainbow, See 
the feveraj fubflantivts. 

LUNATION, the period or time between one new 
moon and another ; it is alfo called the fynodical month, 
confifliRg of 29 days 12 hrs. 44m. 5 fee. ii thirds; 
exceeding the periodical month by 2 ds. 5 hrs. o m. 

LlTNEtorLuMUi*. or ^'ttle moon, iiagcomctri- 
I cal 
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«*} Ugart, tn form of a cref<*nt> tomhated by the arc» 
of tvro circlcM that interfcfi each other within. 

Though the quadrature of the whole circle has never 
beem cffeftcii, yet many of its parts have been fqnared. 
The firft of thefc partial quadratures was that of the 
Lunuk, given by Hippocrates of Scio, or Chios ; who, 
from being a fhipwrecked merchant, commenced geome- 
trician. But although the quadrature of thcLunebe 
generally aferibed to Hippocrates, yet IVoclus exprefsiy 
lays it was found out by Oenopidas of the fame place. 
Sec Hciuiua in Mem. de I'Acad. dc Berlin, tom. ii. 
pa. 4IC, where he gives a dilfertation concerning this 
Oenopidas. See alio Circlk, and Quadrature. 

!llic Lime of Hippocrates is this ; Let ABC be a 
femicirclc, having its centre E, and ADC a quadrant, 
having its centre F ; then the Figure ABCDA, con- 
tained between the arcs of the fcmiciiclc and qiiadiant, 
)i his Lunc ; and it is equal to the right-angled trianjL^le 
ACF, as is thus eaiily pioved. Since AV-^ = 2AE*, 
that is, the fquarc of the radius of the quadrant equal to 
double the fquare of the radius of the femicirclc ; there- 
fore the quadrantal area A DCF A is -- the femicirclc 
ABCEA; from each of thefc take away the common 
foace ADCKA, and there remains the triangle ACF = 
the Lunc ABCDA. 


LUPUS, thtWolft a fotitbern-<x>nMatloji,jowed to 
the Centaur, containing together 19 ftarsin PtoJomy't 
catalogue, but 24 in the Britannic catalogue. 

LYNX, a conAellation of the northern hemtfphere, 
compofed by Hcvcliiis out of the unformed liars. In 
his catalogue it confifts of 1 9 ftai-s, but in the Britan- 
nic 44. 

L /ONS (Israel), a good mathematician and bo- 
tanill, was the fon of a Polirti Jew filvcifmitii, and 
teacher of Hebrew at Cambridge in England, where 
he was come to fettle, and where young Lyons was 
born, 1739* He was a very extraordinary young man 
for paits and ingenuity ; and ihewed very caily in life a 
great inclination to learning, paiticularly mathematics, 
on which account he was much patronized by Dr. 
Smith, mailer of Trinity college. About 1755 'he be- 
gan to iludy botany, which he continued occafionally 
till his death; in whi.ch he made a coniidciable pro- 
grefs, and could remember not only the Linnxan names 
of almoll all the Englifli plants, but even the fynon) ma 
of the old botaniils ; and he Iiad prepared huge mate- 
rials for a J^/ora Cantahiinlcnjis^ deicribing fully every 
part of each plant fiom ilie fpccimen, without bclnf»- 
obliged to confult, or being liable to be milled by, for^ 
mer authors. 



Anothertiroperty of this Lime, which Is the more ge- 
neral one o\ the former, is, that if FG be any line drawn 
from the point F, and AH perpendicular to it ; then 
18 the intercepted part of the Lunc AGIA = the tri- 
angle AGH cut off Iw the chord line AG ; w in ge- 
nciyl, that the fmall iegment A KG A is equal to the 
trilmcal AIHA. For, the angle AFG being at the 
centre of the one circle, and at the circumference of the 
other, the arcs cut off AG, A I arc fimilar to the 
wholes ABC, ADC, therefore the fmall feg. A KG A 
is to the femifegment AlH, as the whole femicirclc 
ABC A to the ferniftgmcnt or quadrant ADCF, that 
18 in a ratio of equality. 

Again, if ABC (fig. 2) be a triangle, right angled 
at C, and If femiclrclcs be deferibed on the three fides as 
diameters ; then the ttianglc T (ABC) is equal to the 
fum of the two Lunea Li, Li. For, the greateft fc- 
micircle is equal to the fum of both the other two; from 
the gfeateft femicirclc take away thefegments Si and 
Sa, and there remains the triangle T ; alfo from the 
two lefs femlcirclcs take away the fame two fegments 
6 1 and Sa, and there remains the two Lunes Li and La ; 
•therefore the triangle T = Li -f La the two Lime*. 

LUNETTE, iu Fortification, an invelopcd countcr- 
^ard, or mound of earth, made beyond the iecond 
ditch, oppofiteto the place of arms ; differing from the 
tavciins only in their fituatiun. Lunettes arc ufually 
made in wet ditches, and Lrve the fame purpofc ai 
ftufiTc-lira} 8, to defend thepalfage of tlie diuh. 


In 1758, he obtained much celebrity by publilhing 
A Treatlfe on Fluxions t dedicated to his pation, Dr. 
Smith ; and in 1763, Fafiiculds PlatUarum circa Canta"- 
In^iam, ^c. In the fame year, or the year before, he 
rcadLedlurcs on Botany at Oxford with great applaulk, 
to at lead 60 pupils ; but he could not be prevailed on 
to make a long abfence from Cambridge. 

Mr. Lyons was fome time employed as one of the 
computers of the Nautical •Alman«'ic ; and befides he 
received frequent other prcfvnts from the Board of 
Longitude for his own inventions,— -He had lludicd 
the Englifh hiftory ; and could quote whole paflages 
from the Monkifh writers verbatim. He could read 
Latin and French with cafe, but wrote the former' ill. 
He was appointed by the Board of Longitude to fail 
with Capt. Phippi, in his voyage towards the Nortk 
Pole, in 1773, as aftronomical obfcrvaior ; and he dif- 
charged that office to the fatisfadlion of his employers* 
After his return from this voyage, he married, and fet- 
tled in London, where he died of the mcazlcs in about 
two years. 

At the time of his death he was engaged in prepar- 
ing for the prefs, a complete edition of the works of 
the late learned Dr. Halley ; a work very much wanted. 
—His Calculniiotis in Spherical Trigonometry ahridgedy 
were printed in the Philof. Tranf. vol, 65, lor the year 
^775» 470.— After his death, hjs name appeared in 
the titlc-pa^c of A Gcogrcphical Diflionary f the aftrono* 
mical parts of which were faid to be “ taken from the 
papers of the late Mr. Ifrael Lyons of Cambridge, au- 
thor of fcvcral valuable mathematical prodvn^ions, and 
aftronomer in lord Mulgrave’s voyage to the north- 
ern hcmifphcre.** — The aftronomical and other ma- 
thematical calculations, printed in the account of cap- 
tain Phipps’s voyage towards the north pole, men- 
tioned above, were made by Mr. Lyons. This appeared 
afterwards, by the acknowledgment of captain Phippa^ 
when Dr. Horfley deleted a material error ia fome pai t 
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of them, 10 hi« Rmarh on the Oh/ervatmt maeU U the 
late Voya^e^ b’r, 1774. 

The Scholar^* Inftrodor, or Hebraw Grammar, 
by Ifracl Lyons, Teacher of the Hebrew Tongue in the 
Univerfity of Cambridge,” the ad edit. 5 cc, 1757, Svo, 
was the pro(luftion of his father ; as was alfo another 
Treatife printed at the Cambridge prefa, under the title 


of Obferyationi and Eaquirief relating to Tartoui 
parti of Scripture Hiitory, 1761.** 

LYRA, the Harp^^ conftcllationin the northern he- 
mifpherc, containing 10 ftars in Ptolomy’s catalogue, 
1 1 ID Tycho's, 17 in Hcvcllus*s, and 2 1 in the Britannia 
catalogue. 
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M in jyironcmical *TahleSy See, is ufed for MerU 
^ dtoml or fouthern ; and fometimes for Mni^ 
dian^ or mid-day. — In the Roman numeration, It de- 
notes 1000, one thoufand. 

MACHINE, denotes any thing that fervea to aug- 
ment, or to regulate moving powers : or it is any body 
drllincd to produce motion, To as to fave either time or 
force. 'Pile vvord, in Greek, figniftes an Innyentwn^ or 
ylrt : and lienee, in (tridnefs, a machine is fomething 
that conlills more in art and invention, than in the 
lircngth and folidity of the materials j for which rcafon it 
is that the inventors of machines arc called Ingenteurs^ 
or engineers. 

Machines are cither fimplc or compound. The fim- 
ple machines are the feven mechanical powers, viz, 
the l^ver, balance, pulley, wheel-and-axle, wedge, 
ferew, and inclined plane; which aie olherwife called 
the fimple mechanic powers, 

Thele fimple machines ferve for different purpofes, 
according to the different ftrudures of them ; and it is 
the biifinefs of the fkilful mechaniff to choofe them, and 
combine them, in the manner that may be bed adapted 
to produce the defired effed. The lever is a very handy 
machine for many purpofes, and its power immediately 
varied as tlic occafion may require ; when weights are 
to be raifed only a h'ttle way,,fnch as ft ones out of 
quarries, &c. On the other hand, the wheel-and-axle 
fervesto raife weights from the greateft depth, or to the 
greateft height. Pulleys, being eafily carried, arc there- 
fore much employed In fliips. The balance is ufcful for 
^feertaining an equality 61 weight. The wedge is ex- 
cellent for feparaling the parts of bodies ; and being im- 
pelled by the force of perenflion, it is incomparably 
greater than the other powers. The ferew is uleful for 
comprefling or fqueezing bodies together, and alfo for 
ralGng very heavy weights to a fraaS height i its gi eat 
fridion is even of confiderablc ufc, to preferve the ef- 
fed already produced by the machine* 

Compound Machine, is formed-from thefe fimple n^a- 
chines, combined together for different purpofes. The 
number of CDmpoui\d machines is almoft innnite ; and 
yet it would feem that the Ancients went far beyond 
the Modems ia the powers and effeds of them j efpe- 
ciaHy their machtnci of war and.arcbitcdure, 

1 Accurate defcriptions and drawings of machines 


would be a very cuilons and ufcful work. But to make 
a colledion of this kind as beneficial aspoflible, It fliould 
contain alfo an analyfis of them ; pointing out their ad- 
vantages and difadvantages, with the reafonsof the con- 
ilrudlions; alfo the general problems Implied in thefe con- 
11 rudions, with their folutions,fliould be noticed. Though 
a complete work of this kind be Hill wanting, yet many 
curious and ufcful particulars may be gatlicred from 
Strada, Beffon, Beroaldus, AuguftInus de Ramcllis, 
Bockler, Leupold, Beyer, Limpergh, Van Zyl, Perault, 
and others ; a fhort account of whofc woro may be 
found in Wolfii Commentatio de Pixcipuis Scriptii Ma- 
thematicis; Elem. Mathef, Univ. tom. 5, pa. 84. To 
thefe may be added, Bclidor's ArchitednrcHydrauliquc, 
Dcfagnlicrs’s Courfc of Experimental Phllofophy, and 
Eraei foil’s Mechanics, The Royal Academy ofSciencct 
at Paris have alfo given a colledion of machines and 
inventions approved of by them. This work, publilhed 
by M. Gallon, confifts of 6 volumes in quarto, con- 
taining engraved draughts of the machines, with tbcir 
deferiptions annexed. 

Machine, ArchiteQonicaly is an affemblagc of pieces 
of wood fo dlfpofed as that, by means of ropes and 
pulleys, a fmall number of men may raife great load^^ 
and lay them in their places : fuch as cranes, &c.-— — 
It is hard to conceive what fort of machines the An- 
cients muft have ufed to raife thofc immenfe ftoncf 
found in fonrie of the antique buildings ; as fome of thofc 
ftill found in the walls or Balbcck in Turkey, the an- 
cient Heliopolis, which arc 63 feet long, 12 feet 
broad, and 1 2 feet thick, and which muft weigh 6 or 7 
hundred tons a piece. 

Blowing Machine. Sec Bellows. 

Beyleian Machine. Mr. Boyle’s Air-Pump. 

FJeSrical Machine. See Electhcal Machine, 
Machine. See Anemometer, and Win® 
Machine, 

H^drauUc, or Water Machine, is ufed cither to 
a fimple Machine, ferving to condud or raife 
water ; as a fluicc, pump, and the like, or feveral of 
thefe adiing together, to produce fome extraordinary 
effc£l ; as the 

Machine of Marli, Sec Marli. See alfo Fire-. 
engine, StrkvI' engine, and WATBR-«;ori/, 

Military MkCViWi'ii, among the Ancienti, were of 
I a three 
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three kinds : the fir(l Cemng to launch arro\\% ns the 
fcorpion ; orjavdins, as the catapult ; orrtoncs, as the 
balilla; or fiery claits, as the pyrabolus : the id fort 
ferving to beat down walls, as the battering ram and 
ttrebm : and the jd fort to /belter thofe who approach 
• the entmy*3 wall, as the iortoife or te/ludo, the vjijea, 
and thctowch of wood. Sec the refpe 6 li\c articles. 

The Machines of war now in ufe, conM in aitillcry, 
includiiig cannon, mortars, petaids, S:c. 

MACLAURIN, (Colin), a mod eminent ^tnathe- 
roatician and phllofonhcr, A\a3 the Ton of a clcigyman, 
and born at Kilmuddaii in Scotland, in the ye.ir i6yS. 
He was font to the univerfity lof Glafgow in 170*); 
where he continued five years, and applied to l;is lUidies 
in a very intenfe n\anncr, and particularly to the mathe- 
matics. His creat genius for mathematical learning 
difeovered itfelf fo early as at 12 years of age ; when, 
having accidentally met wilh a copy of I'm lid’s Ele- 
ments in a friend’s cliamber, he became in a few da) 3 
madcr of the fird 6 books without any aflidance : and 
it is certain, that In his i6th year he had invented 
many of the propofitions which were aftcrwaids pub- 
Ilfhed as part of lus work intitlcd Grometria Or^amca, 
In his I cth year he took the degree of Mailer of Arts ; 
on which occafionhc compofed and publicly defended a 
thefis on the power of gravity, with great applaufc. 
After this he quitted the univerfity, and retired to a 
country feat of his wnclc, who had the care of his edu- 
cation ; his parents being dead fume time. Here he 
fpent two or three years in purfuing his favourite ftu- 
dics ; but, in 1717, at 19 years of age only, he offered 
himfelf a candidate for the profefforfliip of mathematics 
in the Marifchal College of Aberdeen, and obtained it 
after a ten days trial, againfl a very able competitor. 

In* 1719, Mr. Maclaurin vifited London, where he 
left hhGeometriaOf^ariu'a to print, and where he became 
acquainted with Dr, Hoadley then blfhop of Bangor, Dr. 
Clarke, Sir Ifaac Newton, and other eminent men ; at 
which time alfo he was admitted a member of the Royal 
Society : and in another iourncy, in lyar, hccontraftcd 
an intimacy with Martin Folkcs, Ef<j. the prefident of 
it, which continued during his whole life. 

In 1722, lord Polwarth, plenipotentiary of the king 
of Great Britain at the cougrefs of Catnbrny, engaged 
Maclaurin to go as a tutor and companion %o bis cldeft. 
fon, who was then to fet out on his travels. After a 
fhort flay at Pari?, and vlfiting other tawns in France, 
they fixed in Lorrain ; where lie wrote his piece, On the 
Perciiflion of Bodies, which gained him ihepri/e of the 
Royal Academy of Sciences for the year 1724. But 
his pupil dying foon after at Montpelier, he returned 
immtaiatclv to his profeflion at Aberdeen, He was 
IrartUy fettled here, when he received an invitation to 
Edinburgh ; the curators of that univerfity being dcli- 
rous that he fhould fupply the place of Mr. James 
Gregory, whofe great age and infirmities had rendered 
him incapable of teaching. He liad here feme difficulties 
to encounter, arifiiig from competitors, who bad good 
intcrcfl with the patrons of the univcrliiy, and alfo from 
the want of an additional fund for the new profeffor ; 
which liowcver at length were all furmounted, princi- 
pally by the means of Sir Ifaac Nevston. Accordingly, 
in Nov, 1725, he was introduced into tlic univerfity ; 
as was at the fame time his learned colleague and iuti- 
. 8 


mate friend. Dr. Alexander Monrb/ profeffor of atjn* 
torny. After this, the Mathematical dalles foon be^ 
came veiy numerous, there being generally upwards of 
100 fhidents attending his Lectures every year ; who 
being of dilfcrent Handings and proficiency, fie was ob- 
liged to divide them into foiir oj^ five chdfes, in each of 
which he employed a lull hour every day fiom the fir/t 
of November to the fii It of June. In the firit clafs he 
taught the firih 6 books of Euclid's Elements, Plane 
Trigonometry, Praflical Geometry, the Elements of 
Fortification, and an Introduction to Algebra. The 
fecond clafs find led Algebra", with the 11th and 12th 
books of Euclid, Splieiical Tiigouoinctry, Conic Sec- 
tions, and the general Principles of Aflronomy. The 
thiid went on in Aflronomy and Pcifpedive, read a 
part of Newton’s Prineijria, ami had performed a courfc 
of expciimcnts for illufluiting Jthem : he afterwards read 
and demonllratcd the EK meiiis of I'liixions. Thofe in 
the fourth clafs read a Syflem of Fluxions, the Dodrine 
of Chance'S, and the lemaiuder of Newton’s Principia. 

Jn 1734, Dr. Berkley. biHiop of Cloyne, pnblilhed'a 
piece called The Analift; in wliieh he took occafion, 
from feme difpntcs that had aiifen concerning th« 
grounds of the flnxionary method, to explode the me- 
thod Itfelf; and alfo to charge mathematicians in ge- 
neral with infidelity in religion. Maclaurin thought 
himfelf included in this charge, and began an aiifwer 
to Beiklcy^s book : but other anfwers coming out-, and 
as he proceeded, fo many .difcoverics, fo many new 
theories and problems occurred to him, that inflead of a 
vindicatory pamphlet, he produced a Complete Syllcm 
of Huxions, with their application to the moll confi- 
derablc problems in Geometry and Natural Philofophy. 
This work was publiffied at Edinburgh in 1742, 2 vols 
4to,; and as it coft him infinite pains, fo it is the moll 
confidtfrable of all his works, and will do him immortal 
honour, being indeed the moft complete treatife cm that 
fcicncc that has yet appeared. 

In the mean time, he was continually obliging the 
public with fomc obfervation or performance of his owir, 
feveral of which were puhllfhed in the 5.th and 6th vo- 
lumes of the Medical EITays at Edinbnrgh, Many of 
them were Hkcwile publifhed in the Phllolophical Tranf* 
aftions; as the following; 1. On the Condruftioa 
and Meafure of Curves, vol, 30. — 2» A New Method 
of dcfcribiiig all kinds of Curves, vol. 30. — 3. Oft 
Equations with Impofilble Roots, vol. 34, — 4. On the 
Roots of Equations, &g, vol. 34. — y. On the Deferip- 
tion of Cwivc Lints, vol. 39. — 6. Continuation of the 
fame, vol. 39. — 7. Obfevvations on a Solar Eclipfc, vol. 

40. — 8. A Rule for finding the Meridional Parts of a 
Spheroid with the fame ExaiSlnefs as in a Sphere, vol. 

41. — 9. An Account of the Treatife of Fluxions, Vol. 

42 . — 1 0. On the Bafes of the Cells where the Bees de- 
pofit their Honey, vol. 42. 

In the midll of thefe fiudies, he was always ready to 
lend his affiftance in contriving and promoting any 
fchcmc which might contribute to the public fervice. 
When the carf of Morton went, in 1759, 
cflatca In Orkney and Shetland, herequefted Mr. Mao 
laurin to affiil him in fettling the geography of thofe 
countries, which is very erroneous m all our maps p to 
examine their natural bificry, to furvey the coaile, and 
to take the meafure of degree ofthe meridlao. Mac- 

lauria's. 
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' kurm’fi famfly affairs \\puld not permit him ta comply 
with this rcqucft ; he 4rew up however a memorial of 
what he thought^neceflary to be obferved, and furnlfhed 
^proper inftrunKnts for the work, recommending Mr, 
Short, the noted optician, as a fit operator for the ma- 
nagement of them, 

Mr. Maclaurin had fiill another, feheme for the im- 
provement of geography and navigation, of a moiecx- 
tenfive nature ; which was the opening a pafTage from 
Greenland to the South Sea by the North Pole. That 
fiich a paflage might be found, he was fo fully per- 
fuaded, that he ufed to fay, if hisfituation could admit 
of fucli adventures, he would undertake the voyage, even 
at his own charge. But when fclicmcs for finding it 
were laid before the pailiam^nt in 174;, and he was 
confulted by fevcral perfons of high rank concerning 
them, and before he could finifli the memoriak he pio- 
pofed to fend, the premium was limited to the dilcovery 
of a north-wed pafTagc : and he ufed to 1 egret that the 
w’oid Weil was inferted, becaufe he thought that paf- 
fage, if at all to be found, mull lie not tar from the 
pole. 

In 17451 having been very a6liye in fortifying the 
city of Edinburgh againll the rebel army, he was ob- 
liged to fly from thence into England, where he was in- 
vited by Dr, Herring, archbifliop of York, to relidc with 
him during his flay in this country. In thisexpedition 
however, being expoftd to cold and hardfhips, and natii- 
. rally ofa weak and tender conllitiition, whicli had been 
much more enfeebled by clofe application to fludy, he 
laid the foundation of 911 illncfs which put an end to 
his life, in June 1746, at 48 years of age, leaving liis 
widow with two fons and three daughters. 

Mr. Maclaurin was a very good, as w'cll as a very 
gieat man, and worthy of love as well as admiration, 
ills peculiar merit as a philofopher was, that all his 
Ihidics were accommodated to general utility ; and we 
find, in many places of his woiks, an application even 
of the moll abltiufe theories, to the pcife£ling of mc- 
tlianical arts. For the fame purpofe, he had refoivcd 
to compofe a courle of Prr.dlical Mathematics, and to 
lefcuc icveial ufefiil branches of the Ic’icnce ftom the ill 
treatment llicy often met with in lefs fkilful hands. 
Thefc Intentions however were prevented by his death ; 
imlefs we may reejeon, as a pait of his intended work, 
the tranflatlon of Dr. David Gicgoryk PradiCal Geo- 
metry, which he revifed, and publiflred with additions, 

In his lifetime^ however, he had frequent opporiuiu- 
tlci of ferviug hi# fi lends and his country by his great 
.Ikilh Whatever difficulty occurred coiicertimg the 
conllruding or perfedling of machines, the woiking of 
mines, the improving of manufadlurcs, the conveying of 
water, or the execution of any public woik, he was al- 
ways ready to rcfolvc it. He was employed to tcimi- 
natc fome dlfputes of confcqucnce that had arifen at 
Glafgow concerning the gaugingof vcflels ; and for that 
purpofe prcfcntcd to the epmmiffioners of the excife two 
elaborate memorials, with their demonft rat ions, con- 
taining rules by which the officers now adt. He made 
alfo c^culations relating ta the provifion, now ellabliih- 
ed by law, for the children and widows of the Scotch 
and of the profefibrs in the univcrfities, entitling 
to certain annuities- and fums,, upon the voluntary 


. annual payment of a certain fum by tlfc incumbent. In 
; contriving and adjufting this wife and ufeful , feheme, be 
beffowed a great deal of labour,' and contiibutcd not a 
little towards bringing it to perfcdlion. 

Of his works, we have mentioned his Geometria Or* 
ganica^ in which he treats of the defeription of curve 
lines by continued motion ; as alfo of his piece which 
gained the prize of the Royal Academy of Sciences in 
1724, In 1740, he like wife fliarcd the prize of the 
fame Academy, with the cclcbtatcd D. Bernoulli and 
Euler, for tefolving the problem relating to the motion 
of the tides from the theory of gravity ; a quellion 
which had been given out the former year, without re- 
ceiving any folution, He had only ten days to draw 
this paper up in, and could not find Icifurc to tranferibe 
a fair copy ; fo that the Paris edition of it i& incorred. 
He aftei wards revifed the whole, and inferted it in his 
Treatifc of Fluxions ; as he did alfo the fublUnce of 
the forniei piece. Thefe,.with the Tiejtife of Iluxions, 
and the pieces printed in the Medical Elfays and the Phi- 
lofophical Tranfailions, a lift of whicli is given above, aic 
all the wiitings which our author lived to publilh. Since 
his death, however, two more volumes have appealed ; 
his jilgelrai and his jiccoutit of iiir Ifnac Ne*tvlon*s 
Pbilofophkal Difeoveries, 'Phe Algebra, though not fi- 
nlftied by himfelf, is yet allowed to be exoellent in its 
kind ; containing, in no large volume, a complete ele- 
mentary treatifc of iliat fcience,.a8 far as it has hitherto 
been cairied; befidesfomc neat analytical paperson curve 
lilies. His Account of Newtonk Philofophy was occa- 
fioned In the following manner : — Sir Ifaac dying in the 
beginning of 1728, bis neplicw. Mi. Conduitt, propofed 
to publiln an account of his life, and defired Air. Ma- 
cLiiitink affiftance. The latter, out of gratitude to his 
great benefadlor, cheerfully undertook, and foon finiffied, 
the Hiftory of the Progrefs which Philofophy had made 
before Newton’s lime ; and this was the liift draught of 
the work In hand ; which not going forward, on account 
of Mr. Condiiitt’s death, was returned to Mr. Maclau- 
rin. To this he afterwards made great additions, and 
left it in the Hate in which it n(;w' appears. His main 
defign fetms to have been, to explain only lliofe paits of 
Newtonk philofophy, which have been controyerted : 
and this is fuppoled to be the icafon why ins grand difeo- 
vcrlcs concerning liglit and colouu arc but tianficnlly 
and generally touched upon ; for it is known, that when- 
ever the experiments, on which his doiflrine of light and 
colours is fonnded, had been repeated with due care, this, 
dodlrinc had not been contefted ; wliile his accounting 
for the celcftial motions, and the other gieat appearances 
of nature, from gravity, had been inifunderilood, and 
even altemplcd to be ridiculed. 

MACULiE, in Allronomy, arc daik fpots appearing 
on the luminous furfaccs- of the fan and moon, and even 
fome of the planets. 

The Solar Maculce are dark fpots of an ii regular and 
changeable figure, obferved in the face of the fun. 
Them were firft obferved in November and December of 
the year 1610, by Galileo in Italy, and Harriot in Eng- 
land, unknown to, and independt-nt of each other, 
foon after they had made or procured tclefcopcs. They 
were afterwards alfo obferved by Scheincr, Hcvelius,. 
Flamftccd, Callini, KirCli, and others. Sec PhiloE. 
Tranf. vol, i, pa, 274, and vol 64, pa. J94. 
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liavc lieen various obfcrvationd liiade of the 
Phenomena of the folar maculae* and hypothefes invented 
for explaining them. Many of thef^ maculae appear to 
copfifl of heterogeneous parts; the darker and denier 
b^ihg called f by Heveliua, nuclei, which are encompallt^ 
as It were with atmofpheres, fomewhat rarer and Icfs 
Obfeure ; but the ligme, both of the nuclei and entire 
maculae, is variable. Thefe maciilaE arc often fubjed to 
Cudden mutations : In Htrclliis obferved a fmall 
tbinmaciih, which in two days time grew to tcMi times 
Its buJkf appearing alfo much darker, and having a 
larger nucleus : the nucleus began to fail fctUibly be- 
fore the fpot difuppenred ; and before it quite vanifhed, 
it broke into four, which re-uiilted again two days after. 
Some maculae have lalted 2, 3, lo, 15', 20, 30, but 
feldom 40 days; though Kirchius obferved one in 16H1, 
that was vifible fiom Apnl 26th to the 17th of July. 
It is found that the fpols move over the fun’s dife with 
a motion fomewliat flacker near the edge than in the 
middle parts ; that they contrad thcmfelvcs near the 
limb, and in the middle appear larger ; that they often 
lun into one in the dife, thougli feparated near the 
centre ; that many of ilicm firil appear in the middle, 
and many difappear there ; but that none of them de- 
viate from their path near the horizon ; whereas He- 
vclius, obferving Mercuiy in the fun near the horizon, 
found him too low, being depreifed 27^' beneath his 
former path. 

From thefe phenomena arc colledled the following 
confequences. J. That fince Mercury’s depicflion be- 
low his path arrfesfrOm his parallax, the maculx, having 
no parallax from the fun, arc much nearer him than 
that planet. 

2. That, fince they rife and difappear again in the 
middle of the fun’s dife, and undergo various altera- 
tions with regard both to bulk, figure, and denfity, 
they mull be formed dt novoy and again diflblvcd about 
the fun > and hence fome have inferred, that they are 
ti, kind ;of folar clouds, formed out of his exhalations ; 
and if fo, the fun mult have an atmofphcrc. 

3. Since the fpots appear to move very regularly 
about the fun, it is hence inferred, that it is not that 
they really move, but that the fun revolves round his 
axis, and the fpots accompany him, in the fpacc of 27 
days 12 hours 20 minutes. 

4. Since the fun appears with a circular dife in every 
fituatlon, his figure, as to fenfc, mull be fphcrical. 

The magnitude of the furface of a fpot may be efti- 
mated by the time of its tranfit over a hair in a fixed 
telcfcopc, Galileo eftiraates feme fpots as larger than 
both Afia and Africa put together: but if he had 
known more exactly the fun’s parallax and diftance, as 
they arc knowm now, he w'ould have found fome of thofc 
fpots much larger than the whole furface of the earth. 
For, in 161 2, he obferved a fpot fo large as to be plainly 
vifible to the nakcij eye ; and therefore itfubtended an 
angle of about a minute. But the earth, feeti at the 
diftance of the fun, w^ould fubtend an angle of only 
about 1 7*^ : therefore the diameter of the Ipot was to 
the diameter of the earth, os 60 to 1 7, or 3^ to x near- 
ly } and confcquciuly the furface of the fpot, if circular, 
to a great circle of the earth, as 124 to 1, and to the 
whole furface of the earth, as izjto 4, or nearly 3 
19 iv GalTcndtts obferved ^ fpot whofe bteudrb Wat 
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of thefilw's diometer, and wkktr Amforo (bbtended 
an angle at the eye of abovea miiltite and a Wf ; and 
confequently itd furface wai above feven times larger 
than the ftirface of the whole earth. He fays he ob- 
ferved above 40 fpot» it once, though without fenfibly 
diminilhing the light of the fun. 

Various opinion^ been formed concerning the 
nature, origin, and fituation of the folar Tpots; but the 
mod probable feems to be that of Dr. Wilfon, pro- 
fc/For of pradical aftronomy in the unlvlrfity of Giaf- 
gow. By attending particularly fo the different pha/es 
prefented by the umbra, orihady zone, of a fpot of an 
extrao.-'dinary lize that appeared on the fun, in the 
month of November 1769, during its progrefs over the 
folar dife, Dr. Wilfon was led to form a new and lingu- 
lar conjecture on the nature of thefe appearances j 
which he afterwards greatly ftrengthened by repeated 
obfervations. The rcfults of thefe obfervations are, 
that the folar macul® arc cavities in the body of the 
fun ; that the oucleus, as the middle or dark part has 
iifually been called, is the bottom of the excavations ; 
and that the umbra, or fhady zone furrounding it, is the 
{helving Tides of the cavity. Dr. Wilfon, befides hav- 
ing falisfadtorily afeertained the reality of thefe immenfe 
excavations in the body of the fun, has alfo pointed out 
a method of meafuring the depth of them. He efti- 
mates, in particular, that the nucleus, or bottom df the 
large fpot above-mentioned, was not lefs than a femi- 
diameter of the earth, or about 4Q00 miles below tho 
level of the fun’s furface ; while its other dlmenfions 
were of a much larger extent. He obferved that a fpot 
near the middle of the lun’s dife, is fufrounded equally 
on all fides W’ith its umbra ; but that when, by its appa- 
rent motion over the fun’s dife, it comes near the weft- 
em limb, that part of the umbra which is next the 
fun’s centre gradually dimlnlfhes in breadth, till near 
the edge of the limb it totally difappears ; whilft the 
umbra on the other fide of it is little or nothing altered. 
After a femircvoltition of the fun on his axis, if fhe 
the ipot appear again, it will be on the eppofite fide of 
the dife, or on the left hand, and the part of the um- 
bra which had before difappeared, is now plainly to be 
feen ; while the umbra on the other fide of the fpot, 
feems to have vanifhed in its turn ; being hid from the 
view by the upper edge of the excavation, from the 
oblique pofitlon of its Hoping fides with rcfpc£t to the 
eye. But as the fpot advances on the fun’s dife, this 
umbra, or fide of the cavity, comes in fi -ht ; at firft ap- 
pearing narrow, but afterwards gradually increafing in 
breadth, as the fpot moves townids the middle of the 
dife. Which appearances perfedfly agree with the 
phafes that arc exhibited by an excavation in a fplucrlcal 
body,’ revolving on its axis; the bottom of the cavity 
being painted black, and the fides lightly {haded. 

From thefe, and other obfervations, it is inferred, 
that the body of the fun, at the depth of the nucleus, 
emits little or no light, when feen at the fame time, 
and compared with that refplcndcnt, and probably, in 
fome degree, fluid fubftance, that covers his furface. 

This manner of confidering thefe phenomena, natu- 
rally gives rife to many curious fpeculations and inqui- 
ries. It is natural, for inftance, to inquire, by what 
great commotion this refulgent matter is thrown up on 
ail Odes, (b n to expofle to our view the darker part of 
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ihe fun*8 body, ^ btfbrt covered by tt ! wbtt 
ii the nature of this fhining matter ? and why, when an 
excavation is made in it, is the iuftre of thid Ibining 
fubftance, which forms the fhclyinff fides of the cavity, 
fo far drminiflied, to give the whole the appearance 
of a fliady zone, or darkith atmofpberc, furrounding 
the denuded part of the fun*8 body ? On thefe, and 
many other fubjefts, Dr. Wilfon has advanced fomc 
ingenious conjeduresj for which fee the Pliilof. Tranf. 
voT. 64, art. I . See alfo fome remarks on this thcoiy, 
by Mr. Woolafton, in the fame vol, pa. 337, 5 ec. 

MADRIER, in Artillery, is a thick plank, armed 
with plates of iron, and having a cavity fufficlent to 
receive the mouth of a petard, with which it is applied 
againfl a gate, or any thing elfti intended to be broken 
down. 

This term is alfo applied to certain flat beams, fixed 
to the bottom of a moat, to fiipport a wall. 

There aic alfo Madiiers lined with tin, and covered 
with earth ; IVrving as defences again (I artificial fires, in 
lodgments, 6c:c, where there is need of being covered 
overhead. 

MAiSTLlN (Michael), in Latin Maefllinus, a 
noted allronomcr of Gci'ihany, was born in the duchy 
hf Wittemberg ; but fpent Iris youth iu Italy, where he 
made a fpeccb in favour of Coper iilcus’s fylletn, which 
brought Gabber over from Ariflotle and Ftolomy, to 
whom he v\a8 before wholly devoted. He afterwards 
returned to Gci'inany, and became profefror of mathe- 
maticflatTuSingen j where, among his other fcholars, he 
taught the celebrated Kepler, who has commended feve- 
ral of his ingenious inventions, in his Aftronomia Optica. 

Mrettlin publiflicd many mathematical and aftrono- 
mical wor ks ; and died in 1 590. — Though Tycho Brahe 
did not affent to Moefllin’s opinion, yet he allowed him 
to be an extraordinary perfon, and deeply fleilled in the 
fcicncc of aftronoray, 

MAGAZINE, a place in which ftorcs are kept, of 
xrms, ammunition, .provifions, &c. 

Artillery Magazine, or the Magazine to a field bat- 
tery, is made about 25 or 30 yards behind the battery, 
towards the parallels, and at lead 3 feet under ground, 
to receive the powder, loaded fhells, port-fires, &c.— - 
Its roof and fides (hould he well fecured with boards, to 
prevent the earth from falling in : it has a door, and a 
double trench or paflage funk from the magazine to the 
battery, the one to enter, and the other to go out at, 
to prevent confufion. Sometimes traverfes are made 
in the paflages, to prevent ricochet fliot from entering 
the magazine. 

PoWi*r-MACAiiNE, is the place where powder is 
kept in large quantities. Autliors differ very much with 
regard to the fltuatlon aod conftrudlion of thefe ma- 
gazines ; but all agree, that they ought to be arched 
and bomb- proof. In fortificationB, they were formerly 
placed in the rampart -j but of late they lave been built 
in different parts of the toWn. Tlie firft powder-ma- 
gazines were made with Gothic arches ! but M, Vau- 
ban finding thefe too weak, conftrufted them of afemi- 
circular form, the dimenfions being 60 feet long within, 
and 25 feet broad ; the foundations arc ^ Or 0 feet 
thick, and 8 feet high from the foundation to the fpring 
of the arch ; alfo the floor 2 feet from the ground, to 
keep It from dampnefs. 


It ts a conftant 9h£ervation, after the centering 
oi femicircnlar arches is ftnick, they fettle at the 
cro^, and rife up at the hances, even with a ftraight 
horizontal extrados ; and Hill much more fo In now<&r« 
magazines, where the outfide at top is formed, like the 
roof of a houfe, bv inclined planes joining in an angle 
over the top of the arch, to give a proper defeent to 
the rain ; which effects are exa6tly what might be ex* 
pedted from the true theory of arches. Now, this 
Ihrlnking of the arches, as it mud be attended with 
very bad confcqucncea, by breaking the texture of the 
cement after it has in fome degree been di'ied, and alfo 
by opening the joints of the voufoirs at one end, fo a 
remedy is provided for this inconvenience, with regard 
to bridges, by the arch of equilibration, in my book on 
the Principles of Bridges : but as the ill confcqucnces 
of it are much greater in powder-magazines, in qirellion 
96 of my Mathematical Mifcellany, I propofed to find 
an arch of equilibration for them alfo ; which quefliou 
was there refolvccl both by Mr. Wildbore and myfelf, 
both upon general principles, and which I illullrated 
by an application to a particular cafe, which is there 
conllruded, and accompanied with a table of numbeiz 
for that purpofe. Thus, if ALKMB reprefent a ver- 
tical tranfvcrfefedlion of the arch, the rooY foi-miirg an 
angle LKM of i la*’ 37', alfo PC an ordinate pat*allcl 
to the horizon taken In any part, and 1 C perpendicu- 
lar to the fame ; then for properly confl rusting the 
curve fo^ as to be the firongcll, or an ai’ch of equili- 
bration in all its parts, the correfponding values or PC 
and Cl will be a> in the following table, where tholt 
numbers may denote any lengihs whatever, eithex 
inches, or feet, or half-yards. 



Magazine, or Powder- Room ^ on fliip-board, is a 
clofe room or llore-houfe, built in the fore or after part 
of the liold, in which to preferve the gunpowder for 
the ufe of the fhip. Tliia apartment is llrongly fccurc4 
againit fire, and no perfon is allowed to enter it with a 
lamp or candle, it is therefore lighted, asoccafion re- 
quires, by m^ns of the candles or lamps in tlic light- 
room contiguous to it. 

MAGELLANIC-Clouds, whitifli appearances like 
clouds, fecn in the heavens towards the fouth pole, and 
having the fame apparent motion as the liars,, Thej 
are three in number, two of them near each othrr.^ 
The largell lies far from the fouth pole ; but the oth« 
two arc not many degrees more remote from it than 
the. neareft confpicuous ilar, that is, about 1 \ degrees. 
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Mr. Boyle conjcaures that if thefc cloudi were feen 
through a good telcfcope, they would appear to be 

Wil 


Biultitude* of fmall liars, like the milky way. 

, MAGIC Lantern, an optical machine, by means 
of which fmall painted images arc reprefented on the 
wall of a di\rk room, magnified to anv fizc at pleafnre. 
This machine was contrived by Kircher, (fee his Art 
Magna Lucis and Umbrse, pa. 7 ^^^) > 
called, becaufc the images were made to reprefent 
ftrangc phantafms, and tcMriblc apparitions, which have 
hecii taken for the cffc'£l of magic, by fuch as were 


cd of thefe hmdnumberB, f* 2, 3, 4# 5, 6^ 7, S> 9, 
where tltefum of the three figures . 
in every row, in all direilionsj it ' 'r’"" 
alwaya the fame oumbett, viz ’15. 4 j 9 

But if the fame numbers he placed , ^ 

ifi this natural order, the fiifl being 3(5 

I, and the Uft of them a fquare . "I . n ^ . 

number, they will form what is 81 
called a natural fquare. As in the I 

lirft 25 numbers, viz, 1, 2, 3, 4, 5, 

See to 25. 


Ignorant of the lecret. 

This machine is compofed of a concave ipcculum, 
from 4 to 12 inches diameter, refieding the light of a 
candle through the fmall hole of a tube, at the end ot 
which is fixed a double convex lens of about 3 inches 
focus. Between the two arc fucceflively placed, many 
fmall plain glafics, painted with various figures, ufually 
fuch as arc the moll formidable and terrifyingto thcfpcc- 
tators, when reprefented at large on the oppofitc wall. 

Thus, (PI. 13, fig. 14) ABCD is a common tin lam 
tern, to which is added a tube FG to draw' out. In H 
is fixed the metallic concave fpeculum, from 4 to i a 
inches diameter ; or elfe, inrtead of it, near the ex- 
tremity of file tube, there mu ft be placed a convex 
lens, coniifting of a fegment of a fmall fpbcrc, of but a 
few inches in diameter. The life oi this lens is to 
-throw a lirong light upon the image; and foine- 
tlmcs a concave Ipcculum ia ufed with the lens, to 
render the image lUll more vivid. In the focus of 
the concave fpeculum or lens, is placed the lamp L; 
itiul within the tube, where it is foldered to the fide of 
the lantern, is placed a fmall lens, convex on both 
fides, being a portion of a fmall fphere, having its 
focus about the diftance of 3 inches. The extreme 
part of the tube FM is fquare, and has an aperture 
quite through, fo as to receive an oblong frame NO 
pafling into it ; in which frame there are round holes, 
of an inch or two in diameter. Anfw'cring to the 
magnitude of thefe > holes there are drawn circles on a 
plain thin glafs ; and in thefe circles arc painted any 
figures, or images, at pleafurc, with tranfparent water 
cSours. Thek images fitted into the frame, in an 
inverted pofition, at a fmall diftance from the focus 
of -the lens I, will be projeded on an oppofitc white, 
wall of a dark room, in all their colours, greatly mag- 
nified, and in an creft pofition. By having the in- 
ftruraent fo contrived, as that the lens I may move on 
a Hide, the focus may be made, and confequently the 
image appear diftinft, at almoll any diftance. 

Or thus : Every thing being managed as in the 
former cafe, into the Hiding tube FG, infert another 
convex lens K, the fegment of a fphere rather larger 
than I. Now, if the pi^ure be brought nearer to I 
than the diftance of the focus, diverging rays will be 
propagated as if they proceeded from the obje61 5 
whcrcrorc, if the lens K- be fo placed, as that the ob- 
ject be very neat its focus, the image will be ojhibited 

the wall, greatly magnified. 

MaoiC'Squ ARE, is a fquare figure* formed of a ferics 
of numbers in arfthTnctical progrcflion, fo difpofed in 
•parallel and equal ranks, as that the fiims of each row, 
^taken either pcrpcndiciilarly, horizontally, or diagonally, 
sffc equal to one another. As the annexed fquare, form- 


Natural Si^uare. Magic Square. 



where every row and diagonal in tlie magic fquare 
makes juft the fum 65, being the fame as the two 
diagonals of the natural fqdare. 

It is probable that thefe magic fquares v^re fo called, 
both becaufe of this property in them, viz, that the 
ranks in every diredion moke the fame fum, appeared 
extremely furprifing, efpecially in the more ignorant 
ages, when mathematics pafled for magic, and becaufe 
allb of the fuperftitious opei-atiors they were employed 
in, as the coullrudion of talifmans, &c ; for, according 
to the childifh philofopliy of thofe days, which aferibed 
virtues to numbers, what might not be expeded j^m 
numbers fo fecmingly wonderful 1 

The Magic Square w'as held in great veneration 
among the Egyptians, and the Pythagoreans their 
difeipTes, who, to add more efficacy and virtue to this 
fquare, dedicated it to the then known feven planets 
divers ways, and engraved it upon a plate of the metal 
that was efteemed in fympathy with the planet. The 
fquare thus dedicated, was inclofed by a regular poly- 
gon, inferibeu in a circle, which was divided into as 
many equal parts as there were units in the fide of the 
fquare j with the names of the angels of the planet, 
and the figns of the zodiac written Upon the vo^ 
fpaccs between the polygon and the circumference of 
the circumfcribcd circle. Such a talifmftn or'mJKal 
they vainly imagined would, upon occafion, befriend 
the perfon who carried it about him* 

1 o Saturn they attributed the fquare of 9 places ot 
cells, the fide being 3, and the fum of the numbers lit 
every row 15 : to Jupiter the fquare of 16 places, the 
fide being 4, and the amount of each row 34 : to 
Mars the fquare of 25 places, the^ fide being 5, and the 
amount of each row 65 ; to the Sun the tquare with 
36 places, the fide being 6, and the fum of each row 
nil to Venus the fquafe 6l 49 places, the fide b^in^ 
7, and the lltfount of each row *7^ j to Mi&reiiry^ the 
fquare wHh'64 places,' the fide s^a tiuf fum of 
' ’ ' eatn 
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^cli Tovt z 6 o : and to tHc Moon the fqnare of 8i 
places, the fide being 9, and the amoilnt of each row 
369. Finally, they attributed to *imperfeift mat- 
UT, the fquare with 4 divifione, having 2 for its lidej 
«nd to God tl»e fqtiarc of only one cell, the fide of 
w hich is alfo an -unit, which multiplied by itfelf, un- 
dergoes no change. 

However, what was at firft the vain pm^lice of con- 
jurers and makers of talifmans, has finec become the 
fubjc6l of a ferious i*cfeareh among mathematicians. 
Not that lliey imagine it will Ic.ad them to any thing 
of folid ufe or advantage ; but rathcj ?r it is a kind 
of play, in which tlie difbculty makes tlic mciit, ard 
it may chance to produce fome new views of numbers, 
which matliematicians will not lofe the occafion of. 

k would feem that Eman. Molcliopiihis, a Greek 
autht)r of no high antiquity, is the liiil now known 
ol, who has fpoken of magic fquares : he lias left 
((Unc rules for their conftriiflion ; lliough, by the age 
in which he lived, .there is reafon to imagine he did 
not look upon them merely as a imuheinalieian. 

In the tieatilc of Cornelius Agrippa, fo much ac- 
cufed of magic, are found the fquaresof feven numbers, 
vj/, from 3 to 9 inelufive, difpofed Uiagically ; and it 
-s not to be fuppofed that thofe feve*n tiumbcrs W’crc 
preferred to all others without fome good reafon: in- 
deed it is becaiife thoir fqunrcs, .accorduig to the 
Tn item of iXgiippa and his followers, arc planetary. 
'The r(piare ol 3, tor inrtance, belongs to Saturn ; that 
«'l 4 to Jupiter ; tliat of 5 to Mars ; that of 6 to the 
Siiii ; that (if 7 to Veutis: that of ti to Mercury ; and 
that ot 9 to the Moon. 

M. Ihchct applied Innifelf to the fiiuly of magic 
fijuaies, oil the hint he had taken from the planetary 
fquart s of Agripj)a, as being unacquainted with Mof- 
chopulus’a woik, wliich is only in inanufeript in the 
I'rencb king’s in)rary ; ^nd, w'ithout tlic aflillance of 
ally adtlior, he toiind out a new method for the fquarcs 
id uiievcn numbers; for inllance, 25, or 49, &c ; but 
hr could not fuccecd wu’th thofe that have even routs, 

M. I'lciiicle next eng.aged in this fubjc«5d. It was 
the ojiinion of fome, that although the firfl 16 num- 
bers might be difpofed 2092278988SCOO different 
ways in n natural fquare, yet they could not be dif- 
pofe(l more than j 6 ways in a magic fquare ; but M. 
Freniclc fbewed, thit they might be tliua difpofed in 
878 different ways. 

To this bufincfii he thought fit to add a difficulty 
that had not yet been confiocred; whieli w'as, to take 
away the marginal numbers quite around, or any other 
circumference at pleafure, or even feveral of fuch cir- 
outnfinreiYCcs, and yet that the reminder ffiould flill 
be magicfel. 

Ag^ he inverted that condition, and required that 
any circumTcrencc taken at pleafure, tji- tven fcvcral 
oircumfeipcnees^ fiiouki be inieparablr from the fquare; 
^bat is, that it fiioukl ceafe t9 be magical when they were 
removed, and yet continue magical after the removal 
of any of the Tcft. M. Freniele how evei* gives no ge- 
neral demonrtratfon of his , methods, and it often feema 
that he baa no other guide but cKiiice. It is true, 
his hook was not publifbed by himfclf, nor did it ap- 
pear tiH after his «^tb» viz* in 1 69 V 

In 1703 M. canon of Bruffi^la, puhli/bed 

* treatife on fublimC magic fquares. Before his time 


there had been no magic fquarcs made, but for feriefes 
of natiUtd numbers, that formed a fquare; but M. 
Poignard made two very coiifiderable improvemeuts. 
iR, Inrtead of taking all the munljers th.at nil a fquare, 
for iuRance, tlic 36 lucccinve numbeis, which would 
fill all the cells of a natural fqiune whofe fide is 6, he 
only lakes as many fueeeffive numbers as there are 
uniis^iu the iidc of the fqiuire, wliich in this cafe are 
6; and^thefe fix numbers alone he difpofcs.in fucli 
manner, iirthc ^r) cells, that none of them oveur twice 
in tlic fimie lank, whetlun* It be horizontal, vcilical, 
or diagonal; whence it follows, that all the ranks, 
taken all the ways pofiible, nuiR always make the fame 
Inm ; and this method M. Poignard culls repeated pro- 
grdfious 2d, Inllcad of being confined to take thefe 
numbers according to the ferics and fiieeellion of the r.a- 
tm-al mimberR,lhat is in antlimetical progreffion, betakes 
them likewilc in a geometrical progreffion ; and even in 
an hannonical progreffion, the numlicrs of all the ranks 
always followmgthefame kind of progicffion: he makes, 
fquarcs of each of tliefe three progreinons repeated. 

M. Poignard’s book gave oecalion to M. de la 
Hire to turn iiis thoughts to the fame fubjetl, which 
he did with Inch fuccefs, that he greatly extended 
the theoiy of magic fcpiares, as wdl tor even numbers 
as thofe that arc unc\en ; us may be fecn at large in 
the Memoirs ol the Royal Academy of Sciences, for 
the years 1705 1710. See alfo Saunderfon’s Al- 

gebra, vol. I, pa. 354, &c j as alfo Ozanarn’s Mathe- 
matical Recreations, wlioiays down the following cafy 
method of filling up a magic Rpiare. 

7o form a magte /quart: of an odd numhir of fernii tn 
the nrithnulk progreffion^ 1, 2, 3, 4, &c. Place the 
lead teim i in the cell immediately under the middle, 
or central one, and the rtli; of the terms, in tlicir na- 
tural order, in a defeending diagonal direction, till 
they run off cither at the bottom, or on the fide : when 
the number runs off at the bottom, cany it to the upper- 
mbR cell, that is not occupied, of the lame column that 
it would have fallen in below, and then proceed 
defeending diagonalwife again as far as you can, or till 
the numbers cither run off at bottom or fide, or are in- 
terrupted by coming at a cell already filled : now when 
any number runs oft at the right-hand fide, then bring 
•it to the fartheft cell on the left-hand of the fame 
row' or line it would have fallen in towards the right- 
hsnd ; and when the progrefs diagonalwife is inter- 
rupted by meeting with a cell already occupied by folnc 
other number, then defeend diagonally to the left from 
thi'j cell till an empty one is met w'ilh, w'here enter It ; 
and thence piocced as before. 


Thus, to make a ma- 
gic fquare of the 49 num- 
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Vid thence defeend to the nght till they arrive at 
the cell occupied by i ; cairy the 8 thcrefori! to the 
next diagonal cell to the left, and fo proceed till lo 
run off at the bottonn, which carry therefore to the top 
of its column, and fo proceed till 13 runs off at the fide, 
which therefoi-e bring to the Ixrginning of the fame 
line, and thence proceed till 15 anives at the cell cc- 
cupiedby 8 ; horn this therefore delcend diagonally to 
the left; but as l6 runs off at the bottom, lUrry it to 
the top of its proper column, and thence defttnd till 
21 run off at the fide, which is Uitrcfore brought lo 
the beginning of its proper line; but as 22 arriviF at 
the cell occupied by 15, defeend diagonally to the left, 
which brings it into the ill column, but ofl‘ at the 
bottom, and therefore it is carried to the lop of lliat 
column j thence defeending till 29 runs oft* both at 
bottom and fide, which therefore carry to the higheft 
unoccupied cell in the lad column ; and here, as 30 
runs off at the fide, bring it to the beginning of its 
proper column, and tlicnce defceiul till 35 runs off at 
the bottom, which therefore carry to the beginning or 
top of its own column j and here, as 36 meets with 
the cell occupied by 29, it is brought from thence 
diagonally to the left ; thence defeending, 38 inns off 
at the fi<Ie, and therefore it is brought to the be- 
ginning of its proper line , thence defeending, 41 runa 
off at the bottom, which therefore is carried to the 
beginning or top of its column ; from whence defeend- 
ing, 43 arrives at the cell occupied* by 36, and there- 
fore it is brought down fitsm thence to the left ; 
thence defeending, 46 runs off at the fide, which there- 
fore is brought to the beginning of its line ; but here, as 
47 runs off at the bottom, it is carried to the beginning 
or top of its column, from wlience defeending with 48 
and 49, the fquare is completed, the fum of every row 
and column and diagonal making juft 175. 

There are many other ways of filling up fucli 
fquares, btit none that are cafier than the above one. 

It was obferved before, that the fum of the num- 
bers in the rows, columns and diagonals, was 15 in tlie 
fitjuare of 9 numbers, 34 in a fquare of 16, 65 in a 
fquarc of 2 t hence then is derived a method of 
finding the Turns of the numbers in any other fquare, 
viz, by taking the fucccflivc differences till they become 
equal, and then adding them fncccffivcly to produce 
or find out the amount of the following fums. Thus, 
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having ranged the Tides and cells in two columns, and a 
few of the tirft fums in a third column, take the firft dif- 
ferences of thefe, which will be 1,4, 10, 19, See, as 
ia the 4th celonm ; and of thefe take the 4i^<ifeQcct 
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o, 3, 6,9, T2, &c,as in the 5th column ^ and again, ofT" 
thek the differences 3, 3, 3 &c, as in the 6th or laft co# 
hinin. Then, Returning back a^n, add always 3, the 
conftunt laft or 3d difference, to the laft found of the zd 
differences, which will coinplete the remainder of the ' 
Column of thefe, viz, 15,’ i8, 21, 24, See: then add ^ 
thefe 2d differences to the laft found of the lit dif- 
ferences, which will complete the column of thefe, 
\iz, giving 31, 46,64, 6:c; laftly, add always thefe 
eondponcUng lit difterences to the laft found number 
or amount of the fums, and the column of fums w'ill 
thus be completed. 

Again, like as the terms of an arithmetical pro-- 
grcffion arranged magically, give 
the fame fum in every row See, 
fo the terms of a geometrical 
ferics arranged magic^ly give the- 
fame produd in every row &C, 
by multiplying the numbers con- 
tinually togctlicv ; fo this pro- 
greffion i, 2, 4, 8, 16, &c, ar- 
ranged as in the margin, gives, 
for e«ich continual product, 4096 
in every row See, w'hich is juft 
the cube of the middle term, i6. 

Alfo, the terms of an harmo- 
nical progreflion being ranged 
magically, as in the margin, have 
the terms in each row 3 :c in har- 
monical progreflion. 

The ingenious Dr. Franklin, 
it feems, carried this curious fpccnlation fjirther than 
any of his predcceflbrs in the fame way. He conftrmf^- 
cd both a fquare of fquares, and a ma^ic circle 
of circles, the defeription of which is as follows. The 
magic fquare of fquares is formed by dividing the great 
fquarc as in fig. 1, PI. i j. The great fquare is divided 
into 256 little fquares, in which all the numbers front 
I to 256, or the fquare of 1 6, are placed, in 16 columns, 
which may be taken either horizontally or vertically. 
Their chief properties are as follow ; 

1. The fum of the 16 numbers in each column or 
row, vertical or honzontal, is 2056- 

2. Every lialf column, vertical and horizontal, makes 
1028, or juft one half of the fame fum 2056. 

3. Half a diagonal afeending, added to half a diago* 
nal defeending, makes alfo the fame fum 2056 ; taking 
thefe half diagonals from the ends of any fide of the 
fquare to the middle of it ; and fo reckoning 4hem 
cither upward or downward ; or fideways from riglit to 
kft, or from left to right. 

4. The fame with all the parallels to the half diagonals, 
as many as can be drawn in the great fquarc : for any 
two of them being directed upward and downward, 
from the place wliere they begin, to that where they 
end, their fums ftill make the fame 2056. Alfo the 
fame holds true downward ynd upward ; as well as if 
taken fideways to the middle, and bick to the fame fide 
again. Only one fet of thefe half diagonals and their, 
parallels, is drawm in the fame fquarc upward and down- 
ward } but another fet may be drawn from any of the 
other three fides. 

5. The four comer numbers in the great fquare add- 
ed to the folfr central numbem in it, makc.iQzS, the 

half 
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^lal/ fom o( any rcrtlc^ or horizontal column, which 
^contaipA numbers | aod^lA) equal to half a diagonal 
©r it® parallel. . 

6. If a fquare hole, equal in breadth to four of the 
little fquarca or cells, bo cut in a paper, through which 
jiny of the 1 6 little cells in the great fquarc may be 
feen, and the paper be laid Upon the gieat fquarc ; the 
fum of all the id numbers, feen through (he hole, is aU 
ways equal to 2056, the fum of thc^id numbcis m any 
horizontal or vertical coliiinti. 

The Afn/ic Circle of Circles ^ fig. 2, pi. by the 
fame author, is compofed of a feries of numbers, from 
12 to 75 inclufive, divided into 8 concentric circular 
fpaccs, and ranged in 8 radii of numbers, with the num- 
ber 12 in the centre ; which niimbtr, like the centre, id 
common to all thefo circular Ipaccs, and to all the radii. 

The numbers arc fo placed, that iH, the fum of all 
thofe in either of the concentric circular fpaccs above 
mentioned, together with the ccntial iiumbcr 12, 
amount to 360, the fame as the number of degrees in a 
clu'lv. 

2. The numbers In cacli radius alfo, together with 
the central number 12^ make juil 360. 

3. The numbers in half of any of the above circular 
fpaees, taken citber above or below the double liorl/.on- 
tal line, with half the central number li, make juft iHo, 
or half the degrees in a circle. 

4. If .iny lour adjoining numbers be taken, ns If in a 
fipiarc^ in the radial divihons of thefe circular fpaees ; 
the fum of ihefe, with half the central nuinbcp, make 
aUb the fame if^o. 

5. There are alfo incUidf d four fets of other circular 
fpaees, bounded by circles that are excentricwlih regaid 
lo the common centre j each of thefe fets containing 
five fpaees ; and the centres of them 'being at A, 15 , C, 
D. For dillimSlion, thefe circles are drawn with diffe- 
rent marks, feme, dotted, others by (liort unconnc6fed 
lines, &e ; or dill better with inks of divcis colours, as 
blue, red, green, yellow. 

Thefe fets of e iccntric circular fpaees InterfeiEl thofe 
<»f llie concentric, and each other; and yet, the num- 
bers contained in each of the excentric fpaccs, taken all 
around through any of the 20, wluch arc excentric, 
make the fame fum as thofe in the concentric, namely 
360, when the central number 12 is added. Their 
Italvcs alfo, taken above or below the double horizontal 
line, with half the central number, make itp 180. 

It is obfeiwablc, that there is not one of the numbers 
but what belongs at lead to two of the circular fpaees ; 
lome to three, fpme to four, feme to five : and yet they 
are all fo placed, as ntver to break tlie required number 
360, in any of the 28 circular fpaees within the primi- 
tive circle. They have alfo other properties. See 
Franklin’s Exp. and Obf. pa. 350,,edit. 410, 1769; or 
Fergnfon’s Tables and Trads, 1 7 7 1 , pa. 3 1 8. 

MAGICAL PiBfirc, in lilci^ricity, was firll con- 
trived by Mr. iCmncrdey, and is thus made: Having a 
large mezzotipto, wHl) a frame and glafs, as of the king 
for indance, take opt; the print, ahd cut a pannel opt of 
it, near two inches didant fiom the frame all aroundi 
then with thin pafte or gum-water# fix the border that 
i« cut off on the infidt of the glafs, prefllng it frpoolh 
and clofe j then fill up the vacancy by gilding the gUfs 
well with gold or^ braf®. Gild likovifc the ioocr 
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edge of the back of the frame all roitndi except the toji 
part, and form a coinmunication between that gilding 
and the ^‘Iding behind the glafs ; then put in the 
boardr and that fide is finilhed* Next turn up the glafs, 
and gild the forefide exadlly over the back gilding, and 
when it is diy, cover It by palling on the pannel of the 
pidlurc that has been cut out, obferving to bring the 
corrffponding parts of the border and piaure together, 
by which means the pidlure will appear entire, as at 
fii d, only part behind the glafs, and part before* 

Hold the pi6liire horizontally by the topi and place 
a fmall niovctible gilt crown on the king’s head. If 
now the pidure be moderately cledrificd, and another 

f )erron lake hold of the frame with one hand, fo that 
lis fingers touch its infidc gilding, and with the other 
hand endeavour to take off the crown, he will receive 3 
violent blow, and fail in the attempt. Ifthepiduic 
were highly charged, the confequence might be as fatal 
as that of high treafon. The operator, who holds the 
pidure hy the upper end, where the infide of the frame 
IS not gilt, to prevent its falling, feels nothing of the 
(hock, and may touch the face of the pidnre without 
danger. And if a ring of perfons take the (hock 
among them, the experiment is called the confpiratori. 
See Franklin’s Exper. and Obferv, pa. 30. 

MAGINI (John-Anthony), or Maginus, pro- 
fedbr of mathematics in* the unlvcrfity of Bologna, was 
born at Padua in the year 1^36. Magini was remark- 
able for his great afliduity in acquiring and improving 
the knowledge of the mathematical Icienccs, with fe- 
vcral now inventions for thefe purpofes, and for the ex- 
traordinary favour he obtained from moll princes of lus 
time. This doubtlefs arofe partly from the celebrity 
he had in matters of aftrology, to which lie was greatly 
addided, rtiaking horofeopes, and foretelling events, 
both relating to perfons and things. He was invited 
by the emperor Kodolphus to come to Vienna,, where 
he promited him a profeffor’s chair, about the year 
1597 ; but not being able to prevail on him to fettle 
theit, he ncverthelcls gave him a handfoine penfion. 

It ispfaid, he w-as fo much addided to allrological 
predidions, that he not only foretold many good and evil 
events relative to others with fiiccefs ; but even fore- 
told his own death, which came to pafs the fame year : 
all which he reprefented as under the influence of the 
ftars. Tomafmi fays, that Magini, being advanced to 
his 61 II year, ^vas ilruck with an apoplexy, which ended 
Ills days ; and that a long while before, he liad told 
him and others, that he was afraid of that year. And 
Roffeui, his pupil, fays, that Magini died under an 
alped of the planets, which, according to bis own pre- 
didion, would prove fatal to him ; and he mcntioiii 
Riccioli as affirming tliaHie faid, the figure of his na- 
tivity, and his cliinaderic year, doomed him to die 
about that time ; which happened in 1618, in the fizd 
year of his age. 

His writings do honour to his memory, as.they were 
very confideitble, and upon learned fubjeds. The 
principal were the following : i. His Ephemcris, in 3 
volumes^ from the year 15S0 to 1630. — 2. Tables of 
Secondary Motion3,^3. Agronomical, Gnoinouical, 
and Geographical Problems. — 4. Theory of the Planets, 
according to Copernicus.— y. A Confutation of Scali- 
geP® DdTertaiion couccmiug the Precclfion of tho 
^ * Equinox, 
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Equmox.— A Primum Mobile, in 1 1 books. — 7. 
A Treatifc of Plane and Spherical Trigonometry. — S. 
A Commentary on Ptolomy^s Geography. — 9. A Cho* 
jrographical Dcfcrlptlon of the Regions and Cities of 
Italy, illuft rated with 60 maps; with fome other 
papers on Aftrological fubje^fs. 

MAGNET, MaGnSs, the Loadfione; a kind of fer- 
ruginous ftone, rel'cmhling iron ore in weight and co- 
lour, though rather harder and heavier ; and is endued 
with divers extraordinar)' properties, attradlive,. direc- 
tive, indinatory, &c. See Macki-.tism. 

The Magnet is alfo called LapU Hcradiut^ from 
Heradca, a city of Magncfia, a port of theanefent Ly- 
dia, where it was faid it w'as firll found, and iiom wliieh 
il is ufually fuppofed that It took its name. Though 
fome derive the word from a flrepherd named 
who firfl difeovered it on Mount ida with the iron of 
his crook. It is alfo called Lap:s Nintticvsy from its 
life in navigation ; iilfo Siilentei^ from its virtue in at- 
tiafting iron, which the Greeks call tr/iifo:. 

Tlic Magnet ia ufuaFIy fpund in iron mines, and 
fometirncs in ve^ large pieces, half magnet, half iron. 
Its colour is different, as found in different conntiies. 
Norman ohferves, that the bell arc thofe brought from 
China and Bengal, which arc of an irony or fanguine 
roloiir ; thofe of Arabia arc reddifh ; thofe of Ma- 
cedonia, blackilh ; and thofe of Hungary, Germany, 
Englind, &c, the colour of unwrought iron. Neither 
itaiirurc nor bulk are conftant or determined ; being 
fou id of all lhapes and fizes. 

The Ancients reckoned five kinds of Magnets, diffe- 
re it in colour and virtue : the Ethiopic, Magnciian, 
Bceotic, Alexandrian, and Natolian. They alfo took 
it to b? male and female j but the chief ufe they made 
of it was in medicine ; efpccially for the cure of burns 
and defluxions of the eyes. — The Moderns, more happy, 
take it to condu£t them in their voyages. 

The mod diftinguifhitig properties of the Magnet are, 
That It attradls iron, and that it points towards the 
poles of the world ; and In other circumftanccs alfo 
dips or inclines to a point beneath the horizon, *dirc£lly 
under the pole ; it alfo communicates thefe properties, 
by touch, to iron. By means of whicli, arc obtained 
the mariner’s needles, both hori?ontal, and indinatory 
or dipping needles. 

The jittraUhe Pdiuer of Me Macnf.t, was known 
to the Ancients, and is mentioned even by Pla o and 
Eiinpldes, who call it the Herculean flone^ becaufe it 
commands iron, .which fubdues every thing elfe : but 
thi knowledge of its diredivc power, by which it dif- 
pofes Its poles along the meridian of every place, or 
nearly fo, and caufes needles, pieces of iron, &c, touched 
with it, to point nearly north and Ibuth, is of a much 
later date j though the difeoverer hixnfelf, and the exad 
time of the difeovery, be not now known. The lii-ft 
mention of it is about 1260, when it has been faid tliat 
Marco Polo, a Venetian, introduced the mariner’s com- 
pafs ; though not as an invention of his own, but as 
derived from the Chinefe, who it fccnis had the ufe of 
it long before ; though fome imagine that the Chinefe 
rather borrowed it from the Europeans. 

But Elavio de Gira, a Neapolitan, who lived in the 
! ;^ih century, is the perfon ufually fuppofed to have 
1 ht bed title to the diicovery ; and yet Sir G. Wheeler 


mentions, that Ke had fecn a book of aftronomy much^ 
older, which liippofed the ufe of the needle ; though 
not as apphed to the purpofes of navigation, , but of 
ftllronomy. And in Guiut de Provins, an cld French 
poet, who wrote about the year uSo, there is an ex^ 
jjrefs mention made of the loadttone and the compafs ; 
and their ufe in navigation ohliiprely hinted at. 

The P'ariaiion of the M \cnet, or needle, or its devru 
ation from th< pole, was tiiff difeovered by Seba^lian^ 
Cabot, a Venetian, in 1506; and the variation of that 
vdiution, or change in its diredVion, by Mr. Henry 
Gelhbrand, profefhir of allroiiomy in Grciham college^, 
about the year 1625. 

I^allly, the Dip or inclination of the needle, when= 
at liberty to play vertically, to a point beneath the 
horizon, was firll difeovered by another of our countiy- 
incn, Mr. Robert Norman, about the year 1576* 

The Phetifjhiam of the Magi^et, arc as follow : t. In 
every Magnet there arc two poles, of which the one 
points northvvanls, the other fouthwards ; and if the 
magnet be divided into ever fo many pieces, the two 
poles will be found in each piece. The poles of a 
Magnet may Be found by holding a very line fiioit 
needle over it ; for where the poles arc, the needle wall 
Hand upright, but no wliere elfe. — 2, Thefe poles, in 
different parts of the globe, are differently inclined to- 
wards a point under the horizon. — 3, Thefe poles-, 
though contrary to each other, do help mutually to- 
wards the Magnet’s attradlion, and fufjienfjon of iron. 
—-4, If two Magnets be fpherical, one will turn or 
conform itftlf to the other, fo as either of them would 
do to the earth ; and after tliey have fo conformed or 
turned themfelves, they endeavour to approach or join 
each other; but if placed in a contraiy pofition, 
they avoid each other. — 5, If a Magnet be cut 
through the axis, the fegments or parts of the Hone, 
which before were joined, will now avoid and fly e»ich 
other. — 6, If the Magnet he cut perpendicular to its 
axis, the two points, w'hich before were conjoined, 
will become contrary poles ; one in the one, and 
one in the otb.er fegment. — 7, Iron receives virtue from 
the Magnet by ap^ication to it, or barely from an ap- 
proacli near it, though it do not touch it ; and the iron 
receives this virtue varioufly, according to the parts of 
the Hone it is made to touch, or even approach to. — 
8, If an oblong piece of iron be anyhow applied to the 
Hone, it receives virtue from it only lengthways, — 9-, 
The Magnet lofes none of its own virtue by communi- 
cating any to the iron ; and this virtue it can commu- 
nicate to the iron very fpecdily : though the longer the 
iron joins or touches the Hone, the longer will its com- 
municated virtue hold ; and a better Magnet will com- 
municate more of it, and fooner, than one not fo good* 
•— 10, Steel receives virtue from the Mi’gnct better 
than iron. — 11, A needle touched by a Magnet will 
turn its ends the fame way towards the poles of the 
world, as the Magnet itfelf does,— *12, Neither load- 
ftonc nor needles touched by it do conform their poles 
cxaftly to thofe of the w'orld, but have ufually ibme 
variation from them : and tin’s variation is different in 
divets places, and at divers^ times in the fame places.— 

1 3, A loadHone will take up much more iron when 
armed, or capped, than it can alone. (A loadftoue it 
faid to. be armed, when its poles arc fiirrounded w ith 
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ptatcs of ftccT: atid to determine the quantity of ft^l 
to be applied, try the Magnet with feveral fteel tars ; 
add the greateft weight it takes up, with 11 bar on, is 
to be the weight of its armour.) And though an iron 
ring or key be fufpended by the loadftoiie, yet this 
does not Binder the ring or key from turning round 
any way, cfti^cr to the right or left. — 14, The 
force of a loadftone may be varioiifly Increafed or lef- 
fened by varioufly applying to it, either iron, or another 
loadftone. — 15, A itrong Magnet at the leaft diilance 
from a fmaller or a weaker, cannot draw to it a pit'ce 
of' iron adhering artually to fuch fmaller or weaker 
ftonc ; bnt if it come to touch it, it can draw it fiom 
the other : but a weaker Magnet, or even a fiuull piece 
of Iron, can draw away or feparate a piece of iron con- 
tiguous to a larger or ftronger Magnet. — 16, In thefe 
northern parti of the w'orld, the foutli pole of a Mag- 
net will raife up more iron than its north pole. — 1 7, 
A plate of iron only, but no other body inteipofcd, 
can impede the operation of the loadftone, either as to 
its attractive or directive quality. — 18, The power or 
virtue of a loadftone may be iir.palred by lying long in 
a wrong pofition, as alio by ruft, wee, -&c ; and may 
be quite deftroyed by fire, lightning, See. — 19, A piece 
of iron wire well touched, upon being bent round in a* 
ring, or coiled round on a ftick, &c, will always have 
its directive virtue diminilhed, and often quite deftroyed. 
And yet it the whole length of the wire were not eiw 
tircly bent, fo that the ends of it, though but for the 
length of one-tenth of an Inch, were left ftraight, the 
virtue will not be deftroyed in thofe parts; though it 
will in all the reft. — 20, The fphcrc of aCfivIty of 
Magnets is greater and lefs at different times. Alfo, 
the variiition of the needle from the meridian, is various 
at different times of the day. — 21, By tw-ifting a piece 
of wire touched with a Magnet, its virtue is greatly di- 
Kiinifhtd ; and fometimes fo difordered and confiifcd, 
fh.it in fome parts it will uttraCl, and in othem repel ; 
aiul even, in fome places, one iide of the w'ire feems to 
be attraAed, and the other fide repelled, by one and the 
ft^me pole of the ftonc,- — 22, A piece of wire that has 
been touched, on being fplit, or cleft in two, the poles 
are fometimes changed, as in a cleft Magnet ; the north 
pole becoming the fuutli, and the fouth the north : 
and yet fometimes one Italf of the wire will retain its 
former poles, and the other half will have them changed. 
— 23, A wire being touched from end to end with 
one pole of a Magnet, the end at which you begin will 
always turn contrary to the pole that touched it : and 
if it be again touched the fame way with the other 
pole of the Magnet, it will thcA be turned the contrary 
way. — 24, If a piece of wire be touched in the middle 
with only one pole of the Magnet, without moving 
it backwards or forwards ; in that place will be the 
pole of the wire, and the two ends will be the other 
pole — 25, If a Magnet be heated red hot, and again 
cooled either with its fouth pole towards the north in 
a horiiontal jKrfition, or with Its fouth jmle downwards 
in a perpendicular pofition, its poles will be changed.'^ 
— 26, Mr. Boyle (to whom we arc indebted for the 
following magnetical phenomena) found he could pre- 
fently change the poles of a fmall fragment of a load- 
by applying thcip to the oppofite vi^rous poles 
or a largi otic. — 27, Hard iron tools %vell tempered, 


When heated by a briik attritionfsta filing, turnings ^c, 
wmU attraft thin filings or chips of iron, Iteel, 5:c ; 
and hence we obferve that files, punches, augres. Sec, 
have a fmall degree of magnetic virtue.—- 18, The iron 
bars of wiiniowa, &c, which have ftood a long lime ih 
an eredl pofition, gn)vv permanency magnetical ; the 
lower ends of fuch bars being the north pole, and the 
upper end the fouth pole. — 29, A bar of iron that luis 
not ftood lon^ in an ere£l pollure, if it be only held' 
perpendicularly, will become magnetical, and its lower 
end the north pole, as appeal a from its attra£ling the 
fouth pole of a needi-.! ; but then this virtue is traii- 
fient, and by inverting the bar, the poles change their* 
places. Tn order therefore to render tlie quality per- 
manent in an iron bar, it muft continue a long time in* 
a proper pofition. But fire will produce the effed in 
a fiiort time': for as it will immediately deprive a load- 
ftonc of its attiaClivf virtue ; fo it foon gives a verticity 
to a bar of iron, if, bwdng heated red hot, it be cooled 
in an crett pollnre, or diredUy north and fouth. Even' 
tongs and lireforks, by being often heated, and fet to- 
cool again in a polhirc nearly ered, have gained this 
magnetic property. Sometimes iron bars, by long* 
ilanding in a perpendicalu* pofition, have acquired the 
magnetic virtue in a furprifing degi*ec. A bar about 
10 feet long, and three inches thick, fupporting the 
Aimmer beam of a room, was able to turn the needle 
at 8 or 10 feet diftance, and exceeded a loadftone of‘ 
pounds weight : from the middle point upwards it' 
was a north pole, and downwards a fouth pole. And 
Mr. Martin mentions a bar, which had been the beam’ 
of a large ftccl-yard that had fevcral poles iirit.— 30,- 
Mr. Boyle found, that by heating a piece of Engli(li‘ 
oker rcd-Iiot, and placing it to cool 'in a proper pofture,’. 
it manifeftly acquired a magnetic virtue. And an ex- 
cellent Magnet, belc/ging to the fame ingenious gen- 
tleman, having lain near a year In an inconvenient pof- 
t\irc, had its vrrtuc greatly impaired, as if it had been 
By fire. — 31, A needle well touched, it is known, wilt' 
point nortli and fouth : if it liavc one contrary touch 
of the fume ftonc, it will, be deprived of its faculty ; 
and by another fuch touch, it vrill have its poles inter- 
changed. — 32, If an iron bar have gainetl a vcrticity 
by being heated reddiot and cooled again, north and 
fouth, and then hammered at the two ends; its virti'C 
will be dellioycd by two or three fmart blows on the 
middle. — 33, By drawing the back of a knife, or a 
long piece of fteel-wirc, Sec, leifurely over the pole of a 
loadftone, carrying the motion from the middle of the 
ftone to the pole ; the knife or wire will attract one 
end of a needle ; but if the knife or wire be palled from 
the faid pole to the middle of the ftone, it will repel 
the fame end of the nce 3 lc. — 34, Either a Magnet or 
a piece of Iron being laid on a piece of cork, to as to 
float freely on water ; it will be found, that,* wblch- 
foever of the 1 wo is held in the hand, the other will be 
drawn to it : fo that iron attraifts the Magnet as mufh* 
as it is attrafted by it ; aftion and rc-a<ftion being al-" 
ways ctjaai. In this experiment, if the Magnet be fet 
afloat, it will ditc£i its two poles to the. poles of the 
world nearly. — 35, A knife &c touched with a Mag- 
net, acquires a greater or lefs degree of virtue, accord- 
ing to the part it is touched on. It receives the 
ftrongeft virtue, when it is drawn leifurely from the 
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liivndle towards tlic point over one of the poles. And 
if the fame knife thus touched, and thus poflefTed of a 
ftrong attvaftive power, be retouched in a contrary di- 
Tcdion, viz, by drawing it from the point towards the 
handle over the fame pole, it immediately lofes all its 
virtue. — 36, A Magnet ads veith equal force in vacuo as 
in the open air.— 37, The fmallcil Magnets have ufually 
the grcatcfl power m proportion to their bulk. A large 
Magnet will feldom take up above 3 or 4 time* its own 
weight, while a Imall *onc will often lake up more 
than ten times its weight. A Magnet worn by Sir 
Ifaac Newton in a ring, and which weighed- only 3 
grains, would take up 746 grains, or almoll 250 limes 
its own weight. A magnetic bar made by Mr. Cun- 
ton, weighing 10 0/. 12 d\\t8, tov)k up more than 
79 ounces; and a flatfcmicircular ilecl Magnet, ucigh- 
I oz. 13 cbvts, took up an iion wedge of 90 
ounces. 

Jnntd Macs FT, denotes one that is capped, cafed, 
or fet in iron or Ilecl, to, make it take up agie.Uci v 'ciglit, 
and alfo nwuc readily to didinguilh it:* poles, lor the 
methods of doing this, fee Mr. Michcll’;. book on tliis 
fubjed. 

ArUjuuil Magvit, is a bar of iron or ftctl, im- 
pregnated with the magnetic virtue, fo as to polfcfs all 
the properties of the natural loadllonc, and be ufed in* 
Ileadot it. IIow to make Magnet . of ibisJviud, by 
meana of a natural Magnet, and even w ithout the afflll- 
ance of any Magnet, was fuggeOed jnany yeau rmcc 
by Mr. Suvary, and particularly defoiibed in the Phi- 
lof. Tranf. number 414. See alfo Aluadgmeut, vol. 6, 
pa. 260. But as his metliod tedious and ope. 
lofc, though capable of communicatiag a \ery coiili- 
derablc viTtiie, it w'aa little piadifed. Dr. Gow-in 
Knight full bi ought this kind of Magnets to ihcir pre- 
■ lent Hate -of pcitedion, fo as to be even of much 
greater cflicacy than the natural ones. But as he refnfed 
to difeover his melliods upon any terms whatever (even, 
as he faid, though he fhould receive in return as many 
guincafi as he could carry), thefc cui'ious and valuable 
tccrcts in a great rneafiire died vvitli him. The rcfult 
of his method however was lu ll publilhtd in the Phi* 
lof. Traiif. for 17^4, art. b, and for I7.f5, art. 3. 
Mcc alfo the vol. for 1747, art. 2. And in the 69th 
%ol. Mr. Benjamin Wilfon has given a procefs, which 
at leall difeovers one of tlie leading piliJciplcs of Dr. 
Knight’s ait. The method, accv>rding to Mr. Wil- 
fon, mxa as follows. Having piovtdcd a great quantity 
of clean iron filings, he put them into a large tub that 
was more than one-third fdkd with clcuu wa' a*; he 
then, with great labour, fhook the tub to and fro for 
many hours together, that tlie fri6\ion between the 
grains of it on, by this trealmeut, might break or rub 
otf fiich fmall parts as would remain lufpended in the 
watci for fume time. The water being thus rendered 
very muddy, he poured it Into a clean iron vcffel, leav- 
ing the filiags behind ; and when the water had Hood 
long enough to liccome clear, lie poured it out careful- 
ly, without diftuibiiigfucli of the fediment as ftill re- 
jnuined, which now appeared reduced almoll to impal- 
pable pow'der. T^is powrdcr was afterwards removed 
into another vcficl, to dry iu Haying, by feveral re- 
petitious of tins procefs, procured a fuilicieiit quantity 


of thkvcry fine povyder, the next thing was to i 
palle of it, and that with fomc vchide containing 
good quantity of thcphlogillic princijple ; for this pur- 
. pofc, he had recourfc to hnfeed oil, in prefci^erice to alt 
other rfuids. With thefc two ingredients only, he 
made afliff pafte, and took great Care to knead it well 
before he moulded it infto convenient lhapes. Some- 
times, while the pafic continued in its loft ftate, he 
would put the impreffion of a feal ; one of which is in.^ 
the Britilh Mufei;m. This pattc fo moulded was tlicti 
fet upon wood, or a tile, to dry or bake it before a 
moderate lire, being placed at about one foot dillauqe. 
lie found that a moderate fire was moll proper, be- 
caufc a greater degree of heat w ould mvike thecoinpofi- 
tion crack in many places. The time requifite for tlic 
baking or dryin^j of this palle, w'as ufually about 5 or 
fi hours, before it attained a fuflicicnt degree of hard- 
luTe. AVhen that w'as done, and the Uveral baked 
p-cres w ere become cold, he gave them their magnetic 
\irtiie ill any dirci^lion lie pleafed, by placing them 
])tt\\een the extreme ends of his large magazine of ar- 
tllicial magnets, for a few^ fecouds. The virtue they 
acquired by this metliod w’as fiich, that, when any of 
thole pieces were held between two of his bell ten gui- 
Dcu bars, w'ith its poles purpofely inverted, it imme- 
diately of itfelf turned about to recover its natural di- 
lee^ion, w'hicb the force of thole very powerful bar* 
w'as not fufficient to counlcradt. Plillof. Tranf. 
Vol. 65, for 1779. 

Methods for artificial Magnets were alfo difeovered 
and'piiblilhed by the Rev. Mr. John Michell, in a 
’IVeatife on Artificial Magnets, pi inted in 1750, and by 
Mr. John Canton, in the Philof. Tranf. for 1751. The 
procefs for the fame purpufe was alfo found out by 
other perfons, particularly by Du Hamel, Hill. Acad. 
Roy. 1745 and 1750, and by ivtanil Uitgcleeze Na- 
tuiirkund. Verhand. tom. 3, p. 261. 

Mr. Canton’s method is as follow'S : Procure a dozen 
of bars ; 6 of foft Ilecl, and 6 of hard ; the former ta 
be each 3 inches long, a quarter of an inch broad, and 
i-20th of an inch thick; w’itlv two pieces of irofi, each 
half the length of one of the bars, but of the fame 
breadth and thicknefs , and the 6 hard bars to be each 
5‘ inches long, half an inch broad, and 3*20ths of an 
inch thick, wnth two pieces of Iron of liaif the length, 
but the w hole breadth and thicknefs of one of the hard 
bars ; and let all the bais be marked with a line quite 
around them at one end. Then tal;c an iron poker and 
tongs ffig. 1, plate 16), or tw^o bars of iron, the 
larger tliey are, a id the longer they have been ufed, the 
better ; and fixing the poker upright between tliu 
knees, hold to it, near the top, one of the foft bars, 
having its marked end downwards by a piece of fevving 
filk, wdiich mull be pulled tight by the left baud, that 
the bar may not Hide : then grafping the tongs with the 
right hand, a little below the middle, and holding them 
nearly in a vertical pohlion, let the bar be flrokcd by 
the lower end, from the bottom to the top, about ten 
times on each fide, which wdll give it a magnetic powder 
fvifficient to lift a fmall key at the marked end r which 
end, if the bar were fufpeiided on a point, would turn 
tow'ards the north, and i« therefore called the north 
pole ; and the unmarked ehd isi for dteiame reafon^ 

call^ 
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eallW the fouth pole, 'Four of the foft bars being im- 
pegnated after tliii njanner, Uy the two (fig. 2) pa- 
rallel to each other, at a quarter of an inch diftance, 
between the two pieces of iron belonging to them, a 
north and u fouth pole againil each piece of iron ; then 
take two of the four bars already made magnctical, and 
place them together fo as to make a double bar in 
tliicknefs, the north pole of one even with the fouth 
pole of the other ; and tlie remaining two being put to 
tlicfc, one on each fide, fo ns to have two north and two 
fouth poles together, feparate tlic north from tlie fouth 
poles at one^nd by a large pin, and place tliem perpen- 
dicularly with that end downward on the middle of one 
of the parallel bars, the two nortli poles towards its 
fouth end, and the two fouth pole's towards its north 
end : Hide them three or four times backward and for- 
ward the whole len^ji of the bar ; then removing tlicm 
from the middle of this bar, place them on the middle 
of the other bar as before direfted, aiul go over tliat in 
the fame manner ; then turn both the bars the oilier 
fide upwards, and repeat the former operation s this 
being done, take the two from between the pieces of 
iron ; and, placing the two outermoft of the touching 
bars in their (lead, let the other two be the oiitcrmolt 
of the four to touch tlicfe and this procefs being 

repeated till each pair of bars liavc been touched three 
or four times over, which will give them a confidcrahle 
magnetic power. Put the half^oy.en together after the 
manner of the four (fig. 3), and touch them with two 
pair of the hard bar^ placed between their irons, at the 
difiance of about half an inch fiom each other; then 
lay the foft bars afidc, and with ihc-foitr hard oncskt 
the other two be impregnated (fig. 4), holding the 
touching bars apart at tlie lower end near two-tenths of 
an inch ; to which dlfiaace let them be fepavated after- 
they aie fet on the parallel bar, and brought together 
again before they are taken off : this being obferved, 
proceed according to the method deferibed above, till 
each pair have been touched two or three times over. 
But as this vertical way of touching a bar, will not 
gwe it (Juite fo much of the magnetic virtue as it will 
receive, let each pair be- now touched once or twice 
over in their parallel pofition between the irons (fig. 5), 
with two of tlie bars held horizontally, or nearly fo, by 
drawing at the fame time the north end of one from the 
middle over the fouth end, and the fouth of the 'other 
from the middle over the north end of «i parallel bar; 
then biinging them to the middle again, without toncli- 
iiig the parallel bar, give three or four of thefe hori- 
xontal ilrokcs to .each fide. The horizontal touch, 
affter the vertical, will make the bars as firong as tliey 
poffibly can be made, as appears by their not receiving 
any additional (irength, when the vertical touch is given 
by a great number of bars, and the horizontal by thofe 
of a fuperior magnetic power. 

This whole procefs may b%gone through in about 
half an hour ; and each of the large bars, if well hard- 
ened, may be made to lift Troy ounces, and fome- 
times more. And when thefe bars arc thus impreg- 
nated, they will give to a hard bar of the fame fizc its 
full virtue in lefs- than two minutes ; and therefore will 
anfwerall the pnrpqfesof Magnetifm in navig;ation and 
experimer^ ]^ik>fophy, miich better than the load- 
ftone, which has not a power fufficicat to impregnate 
3 


hard bars. The half dozen being put into a cafe (fig, 6 ^ , 
in foch a manimr as that no t\vt> poles of the fame name 
may he together, and their irons with'thim as one bar, 
they will retain the virtues they have t^xyiivcd ; but if 
their power fhould, by making experiments, be ever fo 
far impaired, it may be rofiored without any foreign af- 
fifiance in a few mifmles. And if, perchance, a much 
larger fet of bars IhouUl be required, thefe will com- 
muiHcate to them a fulfieient }>ovycr to proceed with ; 
and they may, in a (hort time, by the liune method, 
bt brought to their fall lliength. 

MAGNF.ridhf, the quality or co.-iflitution of a 
body, by which it is rendered iniignctical, or u magnet, 
fcnlibly atlrading iron, and giving it a meridional di- 
redioiu 

This is a tranfient power, capable of bciuT pro- 
duced, defiroyed, or relloiCtl, * 

TU Luivi r/ M agmetism. 

Thefe laws are laid down by Mr. Whilloti in ibe fol- 
lowing pro^iolitious 1, The Loadfione hasbotlian 

attractive and a diredive- power united together, while 
iron touched by it has only the former; i. e. the mag- 
net not only attrads needles, or Heel filings, but allb 
directs them to cortaia-dilftrent angles, with refped to 
its own furfaceund axis whereas iron, touched with it, 
docs little or nothing more than uttrnd them ; ilill fuf- 
fering them to lie along or - Hand perpendicular to its 
furface and edges in all places, without any fuch fpe- 
ciul diredion. 

^ 2. Neither the firongeft nor the - largc/l magnets 
give a better diredive touch to needles, than thofe of a 
lefs fi/e or \htue : to which may be* added, that whereas 
there are two qualities in all magnets, an ivttradive and 
a diredive one ; neither of tlu‘m depend on,- or are any 
argument of Hie firength of the other. 

3. The attradive power of magnets, and of iron, 
will greatly increafe or diminifii the weight of needles on 
the balance; nay,, it vnll overcome that- weight, and 
even fultain fome other additional alfo: while the di- 
redivc power has a much fmaller effed. Gaffenduu in. 
deed, as well as Merfennus and Gilbert, allert that it 
Ins'nonc at all ; but by millake ; for Whifion found, 
from repeated trials on large needles, that nft^T the 
touch they weighed left tllan before. One of 4584 5 
grams, loll grains by the touch; and anotlier of 
6572.6 grains weight, no lefa than 14 grains. 

4. It is probable that iron confilU almoll wholly of 
the attraCli VC particles; and the magnet, of the attrac- 
tive and dlrcdivc together; mixed, probably, with 
other heterogeneous matter ; as having never been 
purged by the fire, which iron has ; and hence may 
arife the rcafoa why iron, after it has been touched, 
will lift up a much greater weight than the loadltiinc 
thattoojchcd it,- 

5. The quantity and diredidn'of magnetic powci>, 
communicated to needles, are not property, after fucli 
cQmm unicat ion, owing to the magnet which gave the 
touch ; but to the goodn'efs of tlie Heel that receives it, 
and to the ftrength and pofition of the terreftrial load • 
done, whofc influence alone thofe needles arc afterwards 
fubjea to, and direaed by : fo that all fuch necdlcg, 
if good, move with the fame ftreogth, and point to the 
fame angle, whatever loadftoac they may have been ex- 
cited by, provided it be but a good one. Nor does it 
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feem that tKc touch doei much more U\ magnctical 
cafes, than attrition does in clcdlrical ones; i. e. ferr- 
ing to rub off feme obftruding particles, that ad- 
here to the furfacc of the ftecl, and opening the 
porci of the body touched, and fo make way for 
-the entrance and exit of fiich effluvia as occafion or 
aflift the .powers we arc fpeaking of. Hence Mr. Whif- 
ton takes occafion to oblervc, that the diredivc power 
of the loaddonc iccms to be mcclianical, and to be 
derived from magnetic effluvia, circul.*ting continualiy 
round it. 

6. The abfolute altra(?\ivc power of dinerent 
armed loadftones, is, c^lms pjrihst not according 
to either the diameters or lolidities of the ^oad- 
ftoncs, but accoiding to the quantity ol their ^ r- 
faces, or in the duplicate proportion xsi their dift.nc- 
tcis. 

7. The power of good magnets unarmed, fenfibly 
•equal in ftrength, fimilar in tigtfre .iud ^loniioii, hiu 
unequal in magnitude, is fomctiiucs a little gnutcr, 
fometimes a little kfr), than in the pro»)orlion of their 
fimilar diameters. 

8. The KiadiVone aUradr, needles that hare been 
touched, and others tliat have not bc'cn loucht^d, with 
eciual force at dillanccs unequal, vir, nlien tlic dilUnCe 
ot the former is to the diilancc of t)ie latter, as 

i 

Both poles of a Vn.lgiiet equally altrail needles, 
till they arc touched; then it is, and then only, that 
one pole begins to fitti*aift one end, and rvpel the other: 
'though the repelling pole will lUll attnlA upon conta(!t, 
and even at vciy fmall dillanccs. 

10. The attradlive power of loadftoncs, in their fr 
hiilar pofiti'on to, but dlfFertnt dillanccs from, magne- 
tic needles, is in the fcfquidiipllcale proportion of tire 
diftances of their furi'aces from their needles recipro- 
cally ; or as the mean proportionals between the fquures 
and the cubes of thofe diftauces reciprocally; or as the 
fquare roots of the 5th powers of thofe dillanccs reci- 
procally. Thus, the magnetic force of attradiou, at 
twice the dillance frolm the furfacc of the loadllone, is 
between a 5 th and 6th part of the force at the firlt dif- 
tance ; at thrice the dillance, the Torce is between the 
15th aud i6tli.part; at four times the dillaucc, tlm 
power is the 3211 part of the fu ll ; and at fix times the 
dillance, it is' the 88th part. Where it is to be noted, 
that the diflancts arc in»t counted from the centre, as 
in the laws of gravity, hut from the furfacc : all expe- 
rience aifuring us, that the magnetic power refides 
chiefly, if not wholly# in the lurfaces of the load- 
ilone and iron; without any partic\jlar relation to 
any centre at all. The proportion here laid down 
vas clotertnincd by Mr. Whiilon, from a great 'num- 
ber of experimenis by Mr. Hawklbte, Dr. Brook 
Taylor, aiHllumfelf ; meafuring thtj force by the chords 
of thofe arcs by which the magnet at feyeral dillanccs 
draws the needle out of its natmal direction, to ^yhich 
cliords, as be demondrates, it is always proportional. 
The numbers in feme of their moll accurate trials, he 
give's in the following Table, fetting down the half 
chords, or the fines of half thofe arcs of declination, 
as the true mcafuivs of the force ol' magnetic at- 
tradiou.” 
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Other perfons ho\vever tave found fome variations lii 
the proportions of magnetic force >X^ith ruped to dif* 
lance : Thus, New'ton fuppofes it to de'creafe nearly irt 
the triplicate ratio of the dillance : Mr. Martin ob- 
ferves, that the power of his loadllone dccreafes in tlie 
fefqvidiiplicate ratio of the dillantes inverfely : but Dr* 
Hcllham and Mr, Michell found it to be as the fqiiaie of 
the dillance invaifely : wdiilc others, as Dr. Brook 
‘raylor and M. Mufehenbroek, are of opinion, that 
this power follows no certain ratio at all, and tliat the 
variation is different in dift'erent Hones. 

11. An inclinatory, or dipping-needle, of 6 inches 
radius, and of a prifmatic or cylindiic iigure, when it 
ofcillatcs along the magnetic meridian, performs there 
every mean vibration in about 6'' or 360''', and every 
fmall ofcillatiou in about or 330''''': and the fame 
kind of needle, ^ feet long, makes every mean ofcilla- 
tion in al)out 24 ', and every fmall one in about 22'^ 

12. The whole power of Magnctifm in this country, 
as it affeds needles a foot long, is to that of gravity 
nearly as i to 300 ; and as it allcdts needles 4 feet long, 
as I to 6oo» 

13. The (quantity t)f magnetic poNver accelerating 
the fame dipping-needle, as it ofcillatcs in different ver* 
tical planes, 18 always as the cofines of the angles made 
by thofe planes with the magnetic meridian, taken on 
the horizon. 

Tims, in cilimaling the quantity of force in the 
hoii/ontal and in the vertical fituations of needles at 
London, it is found that the latter, in needles of a foot 
long, IS to the wdiole force along the magnetic meri- 
dian, as 96 to 100; and in needles 4 feet long, as 9667 
to 10000: whereas, in the foimer, the whole force in 
needles of a foot long, is as 28 to 100 ; and in thofe 
of 4 feet long, as 256 to icoo. Whence it fol- 
low's, that the power by which horizontal needleb arc 
governed in thefe parts of the w'Orld, is but the quaitcr 
of the power by which the dipping-needle is moved. 

Hence ulfo, as tlie horizontal needle is moved only 
by a part of the power that mtives the dipping-needle; 
and as it only points to a certain place in the horizon, 
3ecaufe that place is the nearell to its original tendency 
of any that its fituation will allow' it to tend to ; when- 
ever the dipping-needle ftands exactly per;>endicular to 
the liorizon, the hori;i!ontal nctxUc will not refpctl.onc 
point of the compafs mpre -than another, but will wheel 
about any way imctrtiinlvk 

The time of ofcillakion and vibitition, both iu 
dipping and horizontal needles, that afe equally gx^odj 
is as their length diredly ; and the aftual velocities of 
their pokils along tlieir arcs, are always unequal. And 
hence, magnetical needles are, c^teru parlhu^ ftill bet- 
ter, the longer they arc ; and that in the fame propor- 
tion with their lengths. 
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Of the Cmtfis ^ Magwstism. Though many au- 
thors have pnyowd hypothcfes, or written concerning 
the cayfe of Magnetifrn, as Plutarch, Defcartes, Boyle, 
Newton, Gilbert, Hartfoeker, Halley, AVhillorf, Knight, 
Beccaria, &c ; nothing howe\^r has yet appeared that 
can be called a fatisfaCTory folution of its phenomena. 
It is certain indeed, that both natural and artificial 
electricity will give polarity to needles, and even rc- 
verfe thtir poles ; but though from this it may appear 
probable that the eledtric fluid icialfo the caufe of Mag- 
netifm, yet in what manner the fluid adls while pro* 
diicing the magnetical phenomena, feems to be cjuite 
unknown. 

Dr. dCnight indeed deduces from fevcral experiments 
the f<)llov\lng propofitions, which he offers, not fo 
much to explain the nature of the caufe of Magnetifm, 
as the martnerin which it adls : the magnetic matter of 
a loadllone, he fays, moves in a lirdtm from one polo 
to the other h ternally, and is then carried back in a 
cun’e line externally, till it arrive again at the pole 
wliere it firll entered, to be again admitted : the im- 
mediate caufe why two or more magnetical bodies at- 
tract each other, is the flux of one and the fame llream 
of magnetical matter through them ; and the imme- 
diate caufe of magnetic rcpulfion, is the conflux and 
accumnlulion of the magnetic matter. Philof. Traiif. 
vol. 44, pa. 665. 

Mr, Michcll rejects the motion of a fubtle fluid ; but 
though he piopofed to publifh a theory of Magne- 
tifm effabhflicd by experiments, no fuch theory has ap- 
peared. 

Signor Beccaria, from obferving that a fjiddcn 
llroke of lightning gives polarity to Magnets, conjec- 
tures, that a regular and conftant circulation of the 
whole mafs of the eledlric fluid from north to foutli 
may be the original caufe of Magnetifm in general. 
This current he would not fuppofe to arife from one 
foiirce, but from fevcral, in the northern hemifpherc^f 
the earth ; the aberration of the common centre of all 
the currents from the north point, may be the caufe of 
the variation of the needle ; the period of tin's declina- 
tion of the centre of the currents, may be the period of 
the variation ; and the obliquity with which the cur- 
rents llrike into the earth, may be the caufe of the dip- 
ping of the needle, and alfo why bars of iron more ea- 
lilj' receive the magnetic virtue in one particular direc- 
tion. Lcttre dell^ Elettricifmo, pa. 269 ; or Priett- 
le)*8 Hift. Elcc. voL i, pa. 409. Sec alfo Cavallo’s 
Trcatife on Magnetifm. 

MAGNIFYING, is the making of objects appear 
larger than they iifually and naturally appear to the 
eye; whence convejf lenfes, which have* the power of 
doing this, arc called Magnifying Gbffes. 

The Magnifying power of denfe mediums of certain 
figures, was known to the Ancients ; though they 
were hr from underllanding the caufe of this effect. 
Seneca fays, that fmall and obfeure letters appear 
larger and brij^hter through a glafs globe fllled with 
water ; and he abfurdly accounts for it by faybg, that 
the eye Aides in the water, and cannot lay hold of its 
ohje^E And Alcxan^r Aphrodifenfis, about two 
centuries after Seneca, fays, that the rcafon why ap- 
ples appear large when immerfed in water, is, that the 
water which it contiguous to any body is affcdled with 


tfic fame quahtv and colour j fo that the eye is dc<jcivc4 
in imagining tlie body itfelTlarm. But the firft dif-. 
tindl account we haN-c of the Magnifying power of 
glaffes, is in the 12th century, in the writings of Ro- 
ger Bacon, and Alhaxenj and it is not improbable that • 
Irom their obftfrvations the conilrudfion of fpedtaclcs 
was derived. In the Opus Majus of Bacon, it is de- 
monftrated, that if a tranfpai-ent body, interiperfed 
between the eye and an object, be convex towards the 
eye, the ohjc<ft will appear magnified. 

Magnifying Glafst in Optics, is a fmall fpherica! 
convex lens ; which, in tranfmitting the rays of light, 
inflctls them more towards the axis, and . fo exhibits 
objects viewed through them larger tlian when viewed 
by the naked eye. See MiCRoscorJt. 

MAGNITUDE, any thing made up of parts lo- 
cally extended, or continued ; or that has feveral di- 
meufions ; as a line, furface, folid, &c. Quantity is 
often ufed as fynonymous with Magnitude. Sec 
Quantity. 

Geometrical MAGitiTUDts, are ufually, and moft pro- 
perly, confidered as generated or produced by motion ; 
as lines by the motion of points, furfaces by the motion, 
of lines, and folids by the motion of furfaces. 

Apparent Magnitudk, is that which is meafured bjr 
the optic or vifual angle, intercepted between rayn 
drawn from its extremes to the centre of the pupil of 
the eye. It is a fundamental maxim in optics, that 
whatever things are feen under the fame or equal an- 
gles, appear equal ; and vice verfa.— The apparent 
Magnitudes of an ohjed at different diftanccs, are in a 
ratio lefs than that of their dillances reciprocally. 

The apparent Magnitudes of the two great lumina- 
ries, the tun and moon, at rifing and fetting, are a phe- 
nomenon that ha: greatly embarrafled the modern i>hh 
lofopherri. According to the ordinary laws of viliori, 
they flioukl appear the Icaft when nearelt the horixou, 
being then fartheff from the eye; and yet it is found that 
the contrary b true in faft. Thus, it is. well knowM 
that the mean apparent diameter of the moon, at her 
greatefl; height ui the meridian, is nearly 3 1 ' in round 
numbers, fubtending then an angle of tnat quantity as 
mcafured by any inftrument. But, being viewed when 
flic rifcB or fets, foe feems to the eye as two or three 
times as large as before ; and yet when mcafured by 
the inllrument, her diameter is not found incrcafed 
at all. 

Ptolomy, ill his Almageff, lib. t, can. 3, taking 
for granted,^that the angle fubtended by tne moon was 
really incrcafcd, aferibed the increafe to a refraflion of 
the rays by vapours, which actually enlarge the angle 
under which the moon appears; juft as the angle is en- 
larged by which an objedb is feen from under water : 
and bis commentator Thcon explains diftinftly how the 
dilatation of the anpj'lc in the objeift immerfed in water 
is caufed* But it being afterwards difoovered, that there 
is no alteration in the angle, another folution was 
darted by the Arab Alha?.en, which was followed and 
improved by Bacon, Vitdlo, Kepler, Pcckham, and 
others. According to Alhazen, the fight apprehends 
the furface of the heavens as flat, and judges of the 
ftars as it would of ordinary vifiblc objefla extended 
UDon a wide pLilii ; the eye fees then under equal ifi- 
gles indeed, but, withal perceive# a difference in their 

diftanccs, 
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A’iUnccs, aod (on account of the femiili’ametcr of the 
earth, which it interpofed in one cafe, and not in the 
other) it it hence induced to judge thofe that appear 
tnorc remote to be greater. Some farther improvement 
was made in thia explanation by Mr. Hobbes, though 
lie fell into fomc miftakes In his application of geometry 
to this fubje^ : for he obferves, that this deception 
operates gradually from the zenith to the horizon ; and 
that if the apparent arch of the {l<y be divided into any 
number of cqttal parts, thofe parts, in defeending to- 
watds the hori/oii, will fubteiid an angle tliat is gra- 
dually Icfs and Icfs. And he was the ftrft who ex- 
prefsly confidcrcd the vaulted appearance of the Iky as 
a real portion of a circle. 

Dei Cartes, and from him Dr. Wallis, and molt 
other authors, account for the appcarar.ee of a different 
diffance under the fame angle, from the long ferits of 
ohjciSiils interpofed between the eye and the extremity 
of the feniible horizon; which makes us imagine it 
fnorc remote than when in the meriilian, where the eye 
fees nothing in the way between the ohjed and itfelf. 
Phis ideaof a great diffance makes us imagine the himinai y 
the larger ; for an objed being feen under any certain 
angle, and believed at the fame time very remote, we 
naturally judge it muff be very large, to appear under 
fuch au angle at fuch a diffance. And thus a pure 
judgment oi the mind makes us fee the fun, or the moon, 
larger in the horizon than in the meridian ; notwith- 
flanding their diameters meafured by any inffrument are 
really lefs in the former fituation than the latter. 

James Gwory, in his Geom, Pars Univerfalis, 
pa. fublcribea to this opinion: Father Malle- 

branche alfo, in the firff book of his Recherche de la 
Vcril^, has explained this phenomenon almoft in the 
fxprsffion of Des Cartes : and Huygens, iu his Trea- 
tife on the Parhelia, tranflated by Dr. Smith, Optics, 
53 ^ baa approved, and very clearly illuftrated, 
the received opinion. The caufe of this fallacy, fays 
hf, in ffiortj 18 this ; that wc think the fun, or any 
thing clfc in^ the heavens, farther from us when it is 
near the horizon, than when it approaches towards the 
■vertex, becaiife wc imagine every thing in the air that 
appears near the vertex to be farther from us than the 
clomUthat fly over our heads ; whereas, on the other 
hand, we arc ufed to obferve a large extent of laud 
lying between us and the objeifts near the horizon, at 
the iaither end of which the convexity of the fky begins 
to appear ; which therefore, with the objeds that ap- 
pear in it, are ufually imagined to be much farther 
from us. Now when two objeds of equal magnitude 
Appear under the fame angle, we always judge that 
objed to be larger which wc think is remoter. And 
this, according to them, is the true caufe of the de- 
i:eption in queftion. It is really affonirtiing that an hy- 
pqthcfis fo palpably falfe thould ever be held and main- 
taint d by iuch eminent men j for it is daily feen that 
tlw moon Of fmi» when near the horizon, very fuddcnly 
change their magnitude, as they afeend or defeend, 
though all the intervening objeds are feen juft as bc- 
fiire ; and that the luminary appears largcft of all when 
feweft oyeda appear on the earth, as in a thick fog or 
mift. It is no wonder therefore that other reafona have 
been afligwd for this remarkable phenomenon. 

Accordingly Gaffendui wai of opinion,, that this 


effed arlfes from hence ; that the pupil, of the eye 
being always more open as the place is more dark, as 
in the morning and evening, when the light is.lcfs, and 
belidcs the earth being then covered with grofs vapqurs 
through a longer column of which the rays muff 
to reach the horizon ; the image of the luminary enters 
the eye at a greater angle, and is really painted there 
larger than ivk/j the luminary is higher. See Appa- 
RENT Diameter and Magnitude. 

F. Gouge advances another hypothecs, which is, that 
when the luminaries are in tlie horizon, the proximity 
d'f the earth, and the grofs vapours with which they then 
appear enveloped, have the fame effed wiih regard to 
U8, as a wall, or other denfe body, placed behind a co- 
lumn ; which in that cafe appears larger than when in- 
fulatcd, and eiicompdffed on all Tides with an illuminated 
air. 

The commonlf received opinion has been difputed, 
not only by F. Gouge, wlio obferves, Acad. Sci. 1700, 
pa. II, that the horizontal moon appears equally large 
acrofs the fen, wlicre there are no objeds to produce 
the effed aferibed to them ; but alfo by Mr. Moly- 
neux, who fays, Pliilof. Tranf. abr. vol. i, pa. 221, 
that if this hypolhefis be true, we may at any time in- 
creafe the apparent magnitude of the moon, even in the 
meridian ; for, in order to divide the fpacc between it 
and the eye, we need only to look at it beliincl a duffer 
of chimneys, the ridge of a hill, or the top of a lioufe. 
He makes alfo the fame obfervation with F. 
Gouge, above mentioned, and farther obferves, that 
when the height of all the intermediate objeds is cut 
off ; by looking through a tube, the imaginallon Is not 
helped, and yet the moon feems rtillas large as before. 
However, Mr. Molyneux advances no hypothelis of 
his own. 

Blffiop Berkley fiippofcd, that the moon appeal'd 
larger near the horizon, bccaufe (he then appears fainter, 
and her beams affed the eye lefs. And Mr. Robins has 
recited feme other opinions on this fubjed, Math. 
Trads, vol. 2, pa. 242. 

Dr. Defaguliers has illuffrated the dodrinc of the 
horizontal moon, Philof, Tranf. abr. vol. 8, pa. 130, 
upon the fuppofition of our imagining the vilible hea- 
vens to be onlv a fmall portion of a fpherical fiirface, 
and confequentiy fuppofing the moon to be farther from 
us in the horizon than near the zenith ; and by feveral 
ingenious contrivances he demonffrated how liable wc 
, arc to fuch deceptions. The fame idea is purfued ffill 
farther by Dr. Smith, in his Optics, where he deter- 
mines that, the centre of the apparent fpherical fegment 
of the Iky lying much below the eye, or the horizon, 
the apparent ^fiance of its parts near tlie horizon was 
about 3 01-4 times greater than the apparent diffance of 
iu parts over head ; from which reafon it is, he infers, 
that the moon always appears the largeras fhc is lower, 
and alfo that wc always think the height of a* celcftial 
objed to be more than it really is. Thus, he detcr- 
mmed, by meafurmg the adual height of fome of the 
licavenly bodies, when to his eye they feemed to be half 
wav between the horizon and the zenith ; that their 
real altitude was then only 2^^ : when the fun was about 
30® Jiigh, the upper always appeared Icfs than the un- 
der; and he thought that it was conftantly greater 
whiea the fun wa» (8^ ur zo^ high, Mr. Rq1»qs, m 
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KisTra^t) toi. 2, pa. 245, fhews how to determine 
the i^parent conciTity of the iky in a more iccunite 
and geometrical manner ; by which it appearg, that if 
the altitude of any of the* heavenly bodies be 20°» at 
the time when it items to be half way between the ho- 
rizon and the zenith, the horizontal diilance will be 
hardly lefs than 4 times the perpendicular diilance 5 but 
if that altitude be 28°, it will be little more than a 
and a half. 

Dr. Smith, having determined the apparent figure 
of the ilcy, thus applies it to explain the phenomenon 
of the hori/ontal moon, and other fimilar appear- 
ances ill the licavens. Suppofe the arc ABC to ic- 

jo. 



prefent that apparent concavity ; then the diameter 
of the fun and moon would feem to be greater in the 
horizon than at any altitude, mcafured by the angle 
AOB, in the ratio of its apparent dillances, AO, BO. 
The numbers that exprefa tkefe proportions he reduced 
into the annexed table, anfwering to the correfponding 
altitudes of the fun or 


luoon, which are alfo 
exadlly reprefented to 
the eye in the figure, 
in which the moon, 
placed in the quadran- 
tal arc FG deferibed 
about the centre O, are 
all equal to each other, 
and reprefent the body 
of the moon in the 
heights there noted, 
and the unequal moons 
in the concavity ABC 
arc terminated by the vifual rays coming from the cir- 
cumfcience of the real moon, at tbofe heights to the 
«ye, at O. Dr, Smith aUb obferves, that the apparent 
concave of the /ky, being left than a hemifphere, is the 
caufc that the breadths of the colours in the inward and 
outward rainbovrs, and the intenraf between the bows, 
•ppcar kad^ at the top, a&d greater at the bottom. This 


The alt. of the 
fun or moon in 
degrees. 

Apparent dia- 
meters or dif. 
tances. 

00 

100 

15 

68 

30 

50 


40 

60 

34 

15 

3^ 

90 

30 


theory of the liorixoAtd moon is nlfb confirmed by the 
apifjeanmccs of the tails of comets, which, whatever be 
tnmr reid Agurc, magnitude, and fituation in abfolnte 
fbace, do always appear to be an are of the concave Iky^ 
Dr, Smith however juttly acknowledges that, at differ- 
ent times, the moon appeaiu of very different magni- 
tudes, even in the lame horizon, and occafionally of an 
extraordinary large fize ; which he is not able to give a 
fatisfa<ifoi*y explanation of. Smith’s Optics, vol. i, 
pa, 63, Remarks, pa. 53. 

MAIGNAN (Emanuel), a religious minim, and 
one of the greatefi philofophers of his age, was Iwni at 
Thouloufe in 1601. Like the famous Pafeal, he be- 
came a complete mathematician without the afliltance 
of a teacher f and filled the profcffor’a chair at Rome 
in 1636, whei*e, at the cxp'cnce of Cardinal Spada, he 
publiihed his book Df Perf^ttiva Nornriat in 1648, 
Upon this book, Baillct, in his Life of DesCaitcs, has 
the following paflage: “ M, Carcavi acquainted Des 
Cartes, that there was at Rome one father Maigimn, It 
minim, of greater learning and more depth than fatlier 
Mcrfenne, w ho made him expedt fome objections agnliift 
his principles. This father’s proper name was Emanuel, 
and his native place Thouloufe : but he lived at that 
time at Rome, where he taught divinity in tlic convent 
of the Trinity upon Mount rincio, which they other- 
wife call the convent of the French minims.” Maignan 
returned to Thouloufe in 1 650, and was created rro- 
vincial. His knowledge In mathematics, and phylical 
experiments, were very early known ; cfpccially from t 
dilputc which arofe between him and father Kirchcr, 
about the invention of a catoptrical work. 

The king, who in i66oamufed himfclf with the ma- 
chines and curiofities in the father’s cell, made him of- 
fers by Cardinal Mazarin, to draw him to Paris j but 
he humbly dcfircd to fpend the remainder of his daya 
in a cloyftcr.— -He pubhfiied a Courfe of Philofopliy, ill 
4 volumes 8vo, at Thouloufe, in 1652 ; to the fecond 
^itionof which, in foKo, 1673, he added two Treatifesj 
the one againft the vortices of Des Cartes, the other 
upon the fpcaking trumpet invented by Sir Samuel 
Morland.-— He formed a machine, which fhewed, by 
its movements, that Des Cartes’s fuppofition concern- 
ing the manner in which the univcnc was formed, or 
might have been formed, and concerning the centrifu- 
gal force, w'as entirely without foundation. 

Thus this great philofopher and divine pafled a life of 
tranquillity, in writing books, making experiments, and 
reading lefturcs. He was frequently confulted by the 
moft eminent philofophers ; and has had a tlioufatid an- 
fwers to make, cither by writing or otherwife. Ne- 
ver was mortal lefs inclined to idlenefs. It is faid that 
he even ftudied in liis fleep ; for his very dreams em- 
ployed him in problems, which he purfued fometimet 
till he came to a folution or demondration ; and he has 
frequently been aw aked out of his fleep of a fudden, by 
the exqmfite pleafurc which he felt upon difeovery of it* 
The excellence of his manners, and his unfpotted vir- 
tues, rendered him no lefs worthy of edeem, than hit^ 
genius and learning.— It is faid that he compofrd with 
great cafe, and without any alterations at all.— -He died 
at Thouloufe in 1676, at 715^ years of age. 

MALLEABLE, the property of a folid duftiltf 
body, from which it may be bcatcii, forged, and ex- 

tended 
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tended under the hammer, without Ijrcaking, which is 
a property of all metals. 

MANrREDI (Eu stag mo), a celebrated aftro- 
nomcr and mathematician, born at Bologna in 1674. 
His gcaiius was always above his age. He was a tole- 
rable poeV and wrote ingenious verles, while he was but 
a child. And while very young he formed in his fa- 
ther’s houfe an academy of youth of his own age, 
who became the Academy of Sciences, or the Inftitute, 
there. He became Proftflbr of Mathematics at Bo- 
logna in j6y8, and Siiperintcndaat of the waters there 
in 1 704. The fame year he was placed at the head of the 
College of Montalte, founded at Bologna for young 
men intended for thcchuuh. In 1711 he obtained the 
office of Aftronoiner to the Inllitute of Bologna. He 
became member of the Academy of Sciences of Paris 
in 1726, and of the Royal Society of London in 1729 ; 
and died the 15th of February 1739.-7- His works arc: 

1. JCphemeriJcs Motuum Calejlium ah anno 1 715 ad 
tmmin 1750 j 4 volumes in 410. — The lirll volume is an 
excellent introduction to adronomy ; and the other 
three contain numerous calculations. His two filters 
were greatly alMing to him in compofing this woik. 

2. DeTranJitu Mercur'ii per Sokni, anno Bo- 

logna 1724, in4to. . 

3. De Annuit Incrrantium Stellarum Aberrattonibus, 
Bologna 1729, in — BcHdcs a number of papers in 
the Memoitsof the Academy of Sciences, and in other 
places. 

MANILIUS (Marcus), a Latin aflronomical 
poet, who lived in the reign of Augiiihis Caefar. He 
wrote an ingenious poem concerning the ftais and the 
fphere, called JJlronomkon } which, not being men- 
tioned by any of the ancient poets, was unknown, till 
about two centuries fince, when it was found, buried in 
Come German library, 'and publiffied by Poggius. There 
is no account to be found of this author, but what can 
be drawn from his poem; which contains a fyftem of 
the ancient aftronqmy and adrology, together with the 
philofophy of the Stoics, It confifts of five books ; 
though there was a fixtli, which has not been recovered. 
In this work, Manillas bints at fome opinions, which 
later ages have been ready to glory in as their own dif- 
coveries. Thus, he defends the fluidity of the hea- 
vens, againft the hypothcfis of Arlllotle ; he afferts 
that the fixed liars are not at all in the fame concave fii- 
perficies of the heavens, and equally dillant from the 
centre of the world : he maintains that they are all of 
tiifi fame nature and fubdance with the fun, and that 
each of them has a particular vortex of its own ; and 
ladly, he fays, that the milky way is only the united 
ludre of a great many fmall impcj*ceptible ftjirs ; which 
indeed the Moderns now fee to be fuch through their 
telcfcopes. 

The bed editions of Manilius are, that of jofeph 
Scaliger, in ^o, 1600 ; that of Bentley^ 01410, 1738^ 
and that of Edmund Burton, Efq. in 8vo, 1783. 

MANOMETER, or Manoscope, an indrunicnt 
to fhew or mcofurc the alterations io the rarity qr den** 
, iky^if the airi 

The Manometer differs from the barometer- in tliis^ 
That the latter only ferves to raeafure the. weight of the 
atmofphcrc, or of the coHimn of air over it ; but the 
lormcr, the dcirfity of the air in, whicRit is found 


which denfity dep^ds not only on the weight of the 
atmofphcre, but alfo on the aftion of heat and cold,. 
&c. Authors however often confound the two toge- 
ther } and Mn Boyle himfelf has given a vefy^good 
Manometer pf his contrivance, under the name of a 
Statical Barometer, confiding of a bubble of thin glafs, 
about the fizc of an orange, which being counter- 
poifed when the air was in a mean date of denfity, by 
means of a nice pair of Ccales, funk w'hcn the atmo- 
fpherc became lighter, and rofe as it grew heavier. 

The Manometer ufed by captain Phipps, in hls^. voy- 
age towards the hfortli Pole, confided of a tube of a 
fmall bore, with a ball at the end. The barometer 
being at 29*7, a fmall quantity of quickfilvcr was put 
into the tube, to take off the communication between 
the external air, and that confihed in the ball and the 
part of the tube below this quickfilvcr. A fcalc is 
placed on the fide of the tube, which marks the de- 
grees of dilatation arifing from the iiicrciile of heat in 
this date of the weight of the air, and has the fame 
graduation as that 01 Fahrenheit’s thermometer, the 
point of freezing being marked 32. In this date 
therefore it will Ihcw the degrees of lieat in the fame 
manner as a thefmometer. But when the air becomes 
lighter, the bubble inclofed in the ball, being lefscom- 
preffed, will dilate itfelf, and occupy a fpacc as much 
larger as the compreffing force is Icfs ; therefore tlic 
changes arifing from the increafe of heat, will be pro- 
portionably larger ; and the indrument will Ihew the 
differences in the denfity of the air, arifing from the 

* changes in its w'eight and heat. Mr. Rainlden found, 
that a heat equal to that of boiling water, increafed 
the magnitude of the air, from what it was at the 
IVeezing point, by iV; 1 r of the whole. Hence it fol- 
lows, that the ball and the part of the tube below the 
beginning of the fcale, is of a magnitude equal to ai- 
med 414 degrees of the fcale. If the height of both 
the Manometer and thermometer be given, the height of 
the barometer may be thence deduced, by this r\ile j 

as the height of the Manometer increafed by 414, 
to the height of the thermometer increafed by 414, 
fo is 29*7, to the height of the barometer; 
or if tn denote the height of the Manometer, aud / the 
height of the thermometer ; then 

. . . * + 4*4 

ffi -b 414 : f + 414 ; : 297 : — ^ 297, 

W T* 414 

which is the height of the barometer. 

Another kind of Manometer was made ufe of by- 
colonel Roy, in his attempts to corrc£l the errors of 

• the’ barometer 5 which is deferibed in tbo Philof. Tranf. 
vol. 67, pa. 689. 

MAFTTELfeTS, a kind of moveable parapet, or 
fereen,^ of about 6 feet high, fet upon tniclw or little 
wheels, andguicled by a long pole ; fo that in a fiegeit 
may be driven before the pioneers, and ferve as blinds, 
or fereens, to fficltcr them from the enemy’s fmall {hot. 
Mantelets are made of different materials, foas to ren- 
der them muiket proof ; as of ffrong boards nailed toge- 
ther, and. covered with tin; or of thick leather, or 
of layers- of rooe, kc, firmly bownd togcthcr. 

There are alfo other forts of Mantaets^ covered on 
the top, ufed by the miners in approaching the walls or 
works of an enemy. 'The double Manractafi:>rm an 
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angle, and Hand fquare, making two fronts. It ap^ 
pears from Vegctius, that.Mantacts were in ufe among 
the Ancients, und rthc name of Vineje. 

MANTLE, or MANTLt*/r^, is the lower part of 
the breaft or front of a chimney. It was formerly a 
piece of timber that lay acrofs the jambs, fupporting 
the breaftwork ; but by a late a£t of parliament, chim- 
ncy-breafts are not to be fupported by a wooden mantle- 
tree, or turning piece, but by an iron bar, or by an 
arch of brick or Hone. 

MAP, a plane figure reprefenting the furface of the 
earth, or fome part of it ; being a -projeftiop. of the 
globular furface of the earth, exhibiting countries, 
leas, rivers, mountains, cities, See, in their due pofi- 
tioiis, or nearly fo. 

Maps are eitner Univerfal or Particular, that is Par- 
tial. ' 

Univerfal are fuch as exhibit the whole furface 
of the earth, or the two hemifphci'es. 

Parlicuhir, or Partial are thofe that exhibit 

fome particular region, or part of the earth. 

Both kinds are ufually called Geographical, or Land- 
Maps, as dilUnguilhed from Hydrographical, or Sea- 
^laps, which reprefent only the feas and fca coafts, and 
arc properly called Charts. 

Anaximander, the fcholar of 'riiales, it is faid, 
about 400 yeais before Chrifl, fird invented geogra- 
phical tablts, or Maps. The Pentingerian Tables, jpub- 
liihed by Cornelius Pciitinger of Aulburgh, contain an 
itinerary of the \\hole Roman Empire ; all places, ex- 
cept feas, woods, and defarts, being laid down accord- 
ing to their meafured diflanccs, but without any, men- 
tion of latitude, longitude, or bearing. 

The Maps publiihed by Ptolomy of Alexandria, 
about the 144th year of Chrift, have meridians and pa- 
rallels, the better to define and determine the fituation 
of places, and are great improvements on theconftruc- 
tioii of Maps. Though Ptolomy himfelf owns that 
bis Maps were copied from fome that were made by 
Marinus,Tirus, &c, with the addition of fome improve- 
ments of his own. But from his time till about the 14th 
century, during which, geography and moil fciencea 
were negleiled, no HQw Maps were publiihed. Mer- 
cator was the fiill of note among -the Moderns, and 
next to him Ortclius, who undertook to make a new fet 
of Maps, with the modern divifions of countries and 
names of places ; for want of wliich, thofe of Ptolo- 
my were become almoil ufclefs. After Mercator, many 
others publiihed Map?, but for the moil part they were 
mere copies of his. Towards the middle of the 17th 
century, Bleau in Holland, and Sanfon in France, pub- 
liihed new fets of Maps, with many improvements From 
the travellers of thofe times, which weie afterwards 
copied, \yith little variation, by the Englifli, French, 
and Dutch ; the beil of thefe being thofe of Vifeher 
and Dc Witt, And later obfervations have fumiihcd 
us with Hill more accurate and copious fets of Maps, 
hy Dc Liilc, Robert, Wells, &c, flee. Concerning 
Maps, fee Varenius’s Gcog. lib. 3, cap. 3, prop. 4 j 
FoumiePs Hydrog. lib. 4, c. . ?4 ; Wqlfius’s £lem. 
Hydrog. c. 9; J( 3 in ^jewton^8 Idea- of Navigation j 
Mead’s Conilruifi^ of Globes and Maps; Wright’s 
ConftrwAions of Maps, flee, flee. 

ConfirvUm of Maps*, Maps arc conilru^lcd by 


making a projeftfon of the globe, either on the plane 
of fonte particulaf/circlc, or by tlie eye placed in fome 
particular point, according to the rules of Perfpedive, 
&c ; of which there are fevcral methods. 

Firjl, to (Ottjhruil a Map of the World, or d general Map^ 

ill Method . map of the world muil rcpix-fent two 
hemifphercs ; and they muil both be drawn upon the 
plane of that circle which divides the two hemifphercs. 
The firil way is to projctfl each hemifphcrc upon the 
plane of fome particular circle,* by the rules of Ortho- 
graphic projcftlon, forming two hemifphercs, upon 
one common bafe or circle. When the plane of pro- 
je£lion is that of a meridian, the maps will be the cail 
and well hemifphercs, the other meridians will be el- 
lipfes, and the parallel circles will be right lines. Upon 
the plane of the eqiiIno(fHal, the meridians will be right 
lines crofling in the centre, which will repicfent the 
pole, and the parallels of latitude will be circles having 
that common centre, and the Maps vcill be the nor- 
thern and fouthern hemifphercs. The fault of thi^ 
way of dr^w’ing Maps, is, that near the out fide the circles 
arc too near one another; and therefore equal fpaccs oa 
the earth arc reprefented by very unequal fpaccs upon 
the Map. 

2d Method. — Another way is to projed the fame 
hemifphercs by the rules of Stereograplu'c projec- 
tion ; in which way, all the parallels will be reprefent- 
ed by circles, and the meridians by circles or rignt lines* ^ 
And here the contrary fault happens, viz, the circlet 
tow^ards the outfides arc too far afunder, and about the 
middle they are too near together. 

3d Method. — ^'Fo remedy the faults of the two for- 
mer metliods, proceed as follows.' Firil, for the eaft 
and well hemilphcres, deferibe the circle PlCNC^for 
the meridian (pll xvii, fig. i), or plane of prenedion ; 
through the centre of wliich draw the cquindaial KQ^. 
and axis PN perpendicular to it, making P and N the 
north and fouth pole. Divide the quadrants PE, EN* 
NQj and QP into 9 equal parts, each reprefenting 10 
degrees, beginning at the equinodial E(^: divide alfo. 
Cr and CN into 9 equal parts ; beginning at EO 
and through the correfponding points draw tlie paiaT- 
Ids of latitude. Again, divide CE and CC^into 9 
equal parts ; and through the pomts of diviiion, and 
tlie two poles P and N, draw circles, or ratlier cHipfc?,, 
for the nuridlans. So fliall the Map be prejiarcd to re- 
ceive the feveral places and countries of the earth. 

Secondly, for the north or foulh hemifph^re, draw 
AQBE, for the cquinodial (fig. 2), dividing it into, 
the four quadrants EA, AQ, QB, and BE ; and each 
quadrant into 9 equal parts, 'reprefenting each 10 dc-i. 
grccs of longitude j and then, from the jpoints of dl- 
vifion, draw lines to the centre C, for the circles of 
longitude. Divide any circle of longitude, as the firil 
mcndian EC, into 9 equal parts, and through thefe 
points deferibe circles from tac centre C, for the pa- 
rallels of latitude ; numbering them as in the fi- 
gure. 

In this 3d method, equal fpaccs on the c^rth arc repre- 
fented by equal fpaocs on the Map, as near as any projec- 
tion vriil bear ; for a fphcrical furface can no way be 
rcprcfcnfcd exaftly upon % plane. Then the feveraf 
coantries of the world, feas, lilands, fca-coafts, towns,, 
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Sec, ttre to "be entered In the Map, according to their la- 
titudes and longitudes. ^ 

In filling up the Map, all olaces rqsrefcntlng land arc 
filled with fuch things as tlic countries contain ; hut 
the fcas are left white ; the (hores adjoining to the Tea 
being fliaded. Rivers are marked by ftron^ lines, or 
by double lines, drawn winding in form or the rivers 
they reprefent j and fmall rivers are cxprcffcd by fmall 
lines. Different countries are bell diflin^ifhcd by dif- 
ferent colours, or at lead the borders of fhem. Forells 
arc reprefented by trees ; and mountains (haded to make 
t/iem appear. Sands arc denoted by fmrll pointj or 
{peeks; and rocks under water by a final] crofs. In 
any void fpace, draw the mariner^ compafs, with the 
52 points or wind*. 

11. 7^0 eHfaw rt Mitp of any parttcuUr Country. 
ifi Methoil . — For this pin pole its extent mud be 
known, as to latitude and longitude ; as fuppofe *Spain, 
lying between the north latitudes ^6 and 44, and ex- 
tending from 10 to 23 degrees of longitude; fo that 
Its extent from north to fouth is 8 degrees, and from 
call to w'cfl 13 degrees. 

Draw the line Ad for a meridian paJTing through the 
middle of the country (fig. 3), on wliich fetofF 8 de- 
grees from 11 to A, taken from any convenient fcale ; 

A being the north, and B the fouth point. Through 
A and 15 draw the perpendiculars CD, EF, for the 
extreme parallels of latitude. Divide A 15 into 8 parts, 
or degrees, through w'hich draw the other parallels of 
latitude, parallel to tlie former. ^ 

For the meridians ; divide any degree in AB Into 60 
equal parts, or geographical miles. Then, bccaufc the 
length of a degree in each parallel dccreafes towards the 
pole, from the table (hewing this decreafe, under the 
article Degree, take the number of miles anfw'cring to 
the latitude of 15 , which is 48 i nearly, and fet it horn . 
B, 7 times to E, and 6 times to F ; fo is EF divided 
into degrees. Again, from the fame table take the 
number of miles of a degree in the latitude A, viz 43 J. 
nearly ; which fet off, from A, 7 times to C, and 6 
times to D. Then from the points of divifion in the 
line CD, to the orfrefponding points in the line EF, 
draw fo many right lines, for ihe meridians. Number 
the degrees of latitude up both fides of the Map, and 
the degrees of langitude on the top and bottoih. Alfo, 
in fome vacant place make a fcale of miles ; or of de- 
grees, if the Map reprefent a large part of the earth ; 
to ferve for finding the difiances 0/ places upon the 
Map. 

Then make the proper divifions and fubdivifions of 
the country : and having the latitudes and longitudes 
of the principal places, it wall be cafy to fet them down 
in the Map : for any town, See, mim be placed where 
the circles of its latitude and longitude interfcdl. For 
infiance, Gibraltar, whofe latitude is 36® 11% and 
longitude la® 27', will be at G: and Madrid, whofe 
lat. Is 40° 10', and long. 14® will be at M. In 
like manner the mouth of a river mufi be fet down i 
but to deferibe the whole river, the latitude and longi- 
tude of every tinning muft be marked down, and Ae 
towns and bridges by which it paifes. And lb for 
woods, forefts, mountains, lakes, cafUes, Sec* The 

boiuularies will be deferibed, by felting down the rc* 

» * 


mwkaWc pliceJon the fea-coaft, and drawing »co«t 
nued line through them alL And thi. way i '4 »ery pro* 

per for fmall countries. 

2d of particular places arc but 

poitions of the globe, and therefore maybe drawn af- 
ter the fame manner as the whole Is drawn. That is, 
fuch a Map may be drawn cither by the orthographic 
or fiercographic pro]e6lIon of the fphere, as in the lall 
prob. But in partial Maps, an eaficr way is as follows. 
Having drawn the meridian AB (fig. 3), and divided it 
into equal parts as in the laft method, through nil the 
points of divifion draw hues perpendicular to AB, for 
the ])arallels of latitude ; CD, EF being the extreme 
parallel. Then to divide thefe, fet off the degrees in 
each parallel, dlminlffcd after the manner direded for 
the tw^o extreme parallels CD, EP, in the la/l nietbod: 
and through all the coiTcfpoiiding points draw the me- 
ridians, wL'ch will be curve lines; which were right 
lines in the lall method ; beeaufe only the extreme pa- 
rallels were divided by the table. This method is proper 
for a large tra£l, as Europe, 5 cc : in which cafe the 
parallels and meridians need only be drawn toeieiy ^ 
or 10 degrees. This method is much ufed in drawiii'.' 
Maps ; as all the parts are nearly of their due magnitude, 
but a little diftorted towards the outfide, from the ob- 
lique interfeftions of the meridians^and parallels. ^ 

3d Method . — ^Draw PB of a convenient length, for 
a meridian ; divide it Into 9 equal parts, and through ^ 
the points of divifion, deferibe as many circles for the 
parallels of latitude, from the centre F, which repre- 
fents the pole. Sunpofe AB (fig. 4) the height of tliu 
Map ; then CD will be the parallel pafTing through the 
greateft latitude, and EF will reprefent the equator. 
Divide the equator EF into equal parts, of the fame 
fize as thofc in AB, both wa/s, beginning at B. Di- 
vide alfo all the parallels into the fame number of equal 
parts, but leffer, in proportion to the numbers for the 
fcveral latitudes, as direfted in the laft method for the 
reftilineal parallels. Then through all the correfpond- 
ing divifions, draw curve lines, which will reprefent 
the meridians, the extreme ones being EC and FD. 
Laftly, number the degrees of latitude and longitude, 
and place a fcale of equal parts, cither of miles or de- 
grees, fot meafuring diftances. — ^This is a very good 
way of drawing large Maps, and is called the globular 
projeftion ; all the parts of the earth being reprefented 
nearly of their due magnitade, excepting that they arc 
a little diftorted on the outfides. 

When the place is but fmall that a Map is to be 
made of, as if a county was to be exhibited ; the meri- 
dians, as to fenfe, will be parallel to one another, and 
the whole will differ very little from a plane. Such a 
Map will be made more eafily than by the preceding 
rules. It will here be fufficient to mealurc the diftances 
of places in miles, and fo lay them down in a plane 
rectangular map. But this belongs more properly to 
Surveying. 

The Uje ^Maps is obvious from their confiruition. 
The degrees of the meridians and parallels fhew the la- 
titudes and longitudes of places, and the fcale of miles 
annexed, their diftances ; the fituacion of pkces, witli 
regard to each other, as wdl as to the cardinal points, 
appears by infpedion j the of the map being always 
the north, the bottom the (tuth, the right hand the 

call/ 
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c«ft, and the left hand the weft ; unlefs the compafe^ 
ufually annexed, fliew the contrary. 

MARALDI (James Philip), a learned aftrono- 
mcr and mathematician, was born in 1665 Perinaldo 
in the county of Nice, a place already honoured by the 
birth of his maternal uncle the celebrated CalTmi. 
Having made a confiderable progrefs in mathematics, at 
the age of 22 his uncle, who had been a long time fet- 
tled in France, invited him there, that he might him- 
felf cultivate the promifing genius of his nephew. Ma- 
raldi no fooner applied hiinfelf to the contemplation of 
the heavens, than he conceived the defignof forming a 
catalogue of the hxed liars, the foundation of all the af- 
tronomical edifice. In confequence of this defign, he 
applied himftif to obferve them with the moft conflant 
attention ; and he ber ime by this means fo intimate 
w'ith them, that on being fnewn anyone of them, how- 
ever fmall, he could immediately tell what conllellation 
it belonged to, and its place in that conllellation; He 
lias been known to difeover thofe fmall comets, which 
aitronomers often take for the llais of the conllcllatioii 
in which tliey are fecn, for want of knowing prccifcly 
what dais the cun (Icllatioii confills of, when others, on 
llic fpot, and with eyes dirc6led ecjually to the fame 
pait of the heavens, could not for a long time fee any 
thing of them. 

In 1700 he was employed under CalTini in prolong- 
ing the French meridian to tlie northern extremity of 
France, and had no fmall Ihaie in completing it. He 
then fet out for Italy, where Clement the nth invited 
him to allill at the alfemblics of the Congregation then 
lltting in Rome to rcfoim tfic calendar. Bianchini alfo 
availed himfclf of his alTillance to conflrudl the great 
meridian of the Carthufian church in that city. In 
1718 Maraldi, with three other academicians, pro- 
longed the French meridian to the foutliern extremity 
of that country. He was admitted a member of the 
Academy of Sciences of Paris in 1699, in the depart- 
ment of Aftronomy, and communicated a great multi- 
tude of papers, which are printed in their memoirs, in 
almoll every year from 1699 to 1729, and ufually feve- 
ral j)aper8 in each of the years ; for he was indefatigable 
in his obfervations of every thing that was curious and 
ufeful in the motions and phenomena of the heavenly 
bodies. As to the catalogue of the fixed ftars, it was 
not quite completed : juft as he had placed a mural 
quadrant on the terras of the obfervatory, to obferve 
fome ftars towards the north and the zenith, he fell 
fick, and died the ift of December 1 729. 

MARCH, th(r3d month of the year, according to 
the common way of computing, and confiftu of 31 
days. The fun enters the fign Aries about the 20th or 
2ift day of this month. 

Among the Romans, March was the firft ntontb ; 
and in fome ecclefiaftical computations, that, order is 
ftill preferved. In England, before the alteration of 
thcllile, March was the ift month in order, th^ year 
always commencing with the 25th day of the month. 

It has been (aid it was Romulus who firft divided the 
year into months; to the firft of which he gave the 
name of his fuppofed father Mars. It is obferved br 
Ovid, however, *that the people of Italy had the montn 
of March before the time of Romulus ; but that they 
placed it differently ; fome making it the third, fome 


the 4tb, (bme the 5th, and others the loth month of 
the year. ^ 

MARINE BAROMiTBA, See Barometbr. 

^ MARINERS-Compass. Sec Compass. 

MARIOTTE (Edme), an eminent French philo< 
fopherand mathematician, was born at Dijon, and ad- 
mitted a member of the Academy of Sciences of Pans 
in 1666. His works Iiowcver are Isetter known tlian 
his life. He was a good mathematician, and the firft 
French philofopher who applied much to experimental 
phylics. The law' of the fhock or collifion of bodies, 
the theory of the prclfurc and motion of fluids, the na- 
ture of vifion, and of the air, particularly engaged his 
attention. He carried into his philofophical rcfearchcs, 
that fpirit of ferutiny dnd invelligation fo neceflliry to 
thofe who would make any confiderable progrefs 111 it. 
He died in 1 684. 

He communicated a number of curious and valuable 
papers to the Academy of Sciences, which were printed 
in the colledion of their Memoirs dated 1666, viz, from 
volume I to volume 10. And all his works were col- 
leded into 2 volumes In 4to, and printed at Leyden in 
1717. 

MARS, one of the feven primary planets now 
known, and tlje fidl of the four fuperior ones, being 
placed immediately next above the earth. It is ufually 
denoted by this cliaradler ^ , being a mark rudely 
formed from a man holding a fpcar protruded, reprcr 
fenting the god of war of the fame name. 

The mean dillancc of Mars from the fun, is 1524 of 
thofe parts, of which the dillance of the earth from the 
fun is icoo ; his cxcentricity 14! ; and his rcaldiftance 
145 millions of miles. The inclination of his orbit 
to the plane of the ecliptic, is 1° 52' ; the length of 
his year, or the period of one revolution about the fun, 
is 686JI of our days, or 667^ of liis own days, which 
are 40 minutes longer than ours, the rev(dution on his 
axis being performed in 24 hours 40 minutes. Hia 
mean diameter is 4444 miles ; and the fame feen from 
the fun is 1 : the inclination of the axis to his orbit 
o® o' ; the inclination of his orbit to the ecliptic 
1° 52'; place of the aphelion njt o® 32' ; place of bis 
afeending node ^ 17° 17'; and his pai-allax, accord- 
ing to Dr, Hook and Mv. Flamlleed, is fcarce 30 fc- 
conds. 

Dr. Hook, in 1665, obferved fevcral fpots in Mars ; 
which having a motion, he concluded the planet turned 
round its centre. In 1666, M, Caflini obferved feveral 
fimts in the two faces or hemlfphei’es of Mars, which he 
found made one revolution in 24hour3 4ominutes. 
Thefc obfervations were repeated in 1 670, andconfinrted 
by Miraldi in 1704, and 1719: whence both the mo- 
tion and period, or natural day, of that planet, were 
determined. 

Ift the PhiJof. Tranf. for 1781, Mr. Herfchel gave a- 
fcrics of obfervations on the rotation of this planet 
about iu axis, from which he concluded that one mean 
fidereat rotation was between 24 b. 39 m. 5 fee. and 
24 h- 3901. 22 fee. ; and in the Philof Tranf. for 
17^4, is given a paper by the fame gentleman, on the 
remarkable appearances at the polar regions of the pla- 
net Mars, the inclination of its axis, the pofition of its 
poles, and its fpheroidical figure ; with a few hints re- 
lating to its real diameter and atmofphere, deduced from 

hia 
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hii obfcmtions taken from the year *777 ’ 7^3 

indufjvcJy. He obferved feverar remarkable biigl»t 
fpots, near bptli poles, which had fonie fmall motion ; 
and the rcfulti of hia obfervations arc as follow j 
viz, - ^ , 

TncHnation of axis to the ecliptic, 59" 22 . 

The node of the axis ia in >7° 47 '* ^ 

Obliquity of the planet’s ecliptic 2H°42 . 

The point Aries on Mars’s ecliptic aiifwm to our 
^ 19° 2 S\ 

The fif^irc of Mars is that of an oblate fjmeroid, 
trholb equatonal diameter is to the polar one, as 1555 
to 1272, or as r 6 to rj neatly. 

The cqiiator/al dtnnieUr of Mars, reduced to the 
jnenn diflancc of the earth fiom the fun, is 9 ^ . 

y\nd the planet has a c^niiidciablc, but inodciafc at- 
moijjdiLTC, lo that its inbahitarits probably enjoy a 
iilnation in many refpede hinilar to outs.” 

Mais always appeals witli a iiiddy troubled light; 
owing, it is fuppoi'ed, to the nature of his atmofpherc, 
through which the light pafles, 

lu the acronieal lilini; of this planet, or wdien in op- 
pofilion to the fun, It is five times nearer to us than 
vhcu in conjundion with him ; and fo appears much 
larger and brighter tlian at other times. 

Mars, having his ligfit from the fun, and revolving 
round it, has an increafe and dccreafc like the moon : 
it may alfo be obferved alinoll bifeded, when in the 
<}uaduiturcs, or in perigarori j but is! never feen cor- 
nicular, as the inferior planets. All which fhewsboth 
that his orbit includes that of the earth within it, and 
tliat he (hines flot by his own light. 

MARTIN (Benjamin), was born in 1704, 
and became one of the moll celebrated mathe- 
maticians and opticians of his time. He firft taught 
a fchool in the country ; but afterwards came up to 
Loudon, where he read ledmcs on experimental phi- 
lofophy for many years, and carried on a very cxtenfive 
trade as an optician and globe-maker in Flcet-llrect, till 
the growing infirmities of old age compelled him to 
withdraw horn the a^live part of bufinefs. Trufting 
too fatally to what lie thought the integrity of others, 
he unfortunately, though with a capital more than fuf- 
yjBcicnt to pay all his debts, became a bankrupt. The 
'unhappy old man, in a moment of defperation from 
this unexpeded ftrokc, attempted to dellroy himfelf ; 
and the wound, though not immediately mortal, haf- 
tened his death, which happened the 9th of Fcbruaiy 
1782, at 78 years of age. 

He had a valuable colledion of foHils and curiofities 
of almoll every fpecics ; which after his death were al- 
jnoft given away by public audion. He w'as indefati- 
gable as an artiif, and as a writer he had a very happy 
method of explaining his fubjed, and wrote w’lth clear- 
nefs, and even confuierable elegance. He was chiefly 
eminent in tlie fcicnce of optics ; but he w'aa well ikillcd 
in the whole circle of the mathematical and philofophi- 
cal fcienccs, and wrote ufefiil books on every one of 
them ; though he was not diflinguilhed by any remark- 
able Inventions or difeoveries of nis own. His publica- 
tions wcic very numerous, and generally ufefid: fome 
of the principal of them were as follow ; 

The Philofophical Grammar ; being* a View f f tbe 
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preftHt State oir Experimental Phyfiology, or Natu 
Philofophy, i735r8vo. — A new, complete,^ and u 
vcrfal S) ftem or Body of Decimal Arithmetic,^ 171 
8vo. — ^I’he Young Student’s Memorial Book, or P( 
ket Library, J735, 8va. — Defeription and Ufe of be 
the Globes, the* Armillary Sphere and Orrery, Tri^ 
nometry, 1736, 2 vols. 8vo. — Syftera of the New; 
nian Philofophy, 1759, 3 vols.-— New Elements 
Optica, 1759. — Mathematical Inftitutions, 17154, 2 vc 
. — Philologic and Philofophical Geography, 175 

Lives of Philofophers, their inventions, See, 17^ 

— Young Gentleman and Lady's Philofophy, iy6 
j vols. — MiTcellancoufi Corre/pondcnce, 176^, 4 vols.- 
/ji/f/nit/ons of Ailronomical CalculationSfj parts, iy6 
— liitrodudioi) to the Newtonian Fhilofophy, iy6y.^ 
TrchtiCe of Logaritlnns. — Ticatiic on Navigatiun.- 
Defesiption and Ufe of the Air-pump. — Deferiptio 
of the Toriictllian Barometer. — Appendix to tlie LT 
of the Globef. — Philofophia Britannica, 3 vols. — Prin 
ciples of Puirp-woik. — Theory of the Hydrometer.— 
Defeription and Ufe of a Cafe of Mathematical Tnlliii 
merits. — Ditto of a Univeifal Sliding Rule. — Micro 
graphla, on the Microfcopc. — Principles of Pcrfpcdikc 
— Courfe of Lc6hires. — Optical KiTays. — Effay 01 
Elcdricity. — Efl’ay on Vlfual Glaflcs or Spcdlacles.— 
Horologia Nova, or New Art of Dialling.. — Theory 0 
Comets. — Nature and Conilrudion of Solar Eclipfes 
— Venus in the Sun. — The Mariner’s Mirror. — Thei 
mometj-um Magnum. — Survey of tlie Solar Syilem.— 
Effay on Ifland Chiyfial. — Logaritlimologid Nova 
See. &c. 

MASCULINE Aftrologers divide the Signs 
See, into Mafculine and Feminine ; by icafon of tliel 
qualities, w-hich are either active, and hot, or cold 
accounted Mafculine ; or paflivc, dry, and rnoiil, whicl 
are feminine. On this principle they call the Sun, Ju 
piter, Satui-n, and Mars, Mafculine ; and the Mooi 
and Venus, feminine. Mercury, they fuppofe, pm 
takes of the two. Among the Signs, they accoun 
Aries, Libra, Gemini, Leo, Sagittarius, and Aquaidus 
Mafculine ; but Cancer, Capricornus, Taurus, Virgo 
Scorpio, and Pifees are feminine. 

MASS, the quantity of matter In any body. Tlii 
is rightly eflimated by its weight ; whatever be it 
figure, or whether its bulk or magnitude be large 0 
fmall. 

MATERIAL, relating to Matter, 
MATHEMATICAL, relating to Mathematics. 
Mathematical is one of the two leadinj 
philofophical fc 6 l 8 , which arofe about the beginninj 
of the i 7 tli century; the other being the Metaphy 
fical fed. The former direded its refcarches by th 
principles of Gaffe ndi, and fought after truth by ob 
lervation and experience. The difciples of this fee 
denied the poffibility .of ereding on the bafis of me 
taphyfical and abllrad truths, a regular and folid fyfter 
0t philofophy, without the aid of affiduous obfervatio 
and Treated experiments, which arc the moft natufj 
and effedual means of philofophical progrefs and im 
provbment. " The advancement and reputation o^thi 
ted, and of natural knowledge in general, were muc 
owing to the plan of philofophizing •Aopofed by lor 
Bacon^ tQ the effabmhmcutof the Royal Society i 

Liondui 
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London, to the genius and induftry of Mr. Boyle, 
and to the unparmlclcd fefcarchea and difcovcrics of 
Sir Ifaac Newton. Barrow* Wallis, Looke, and many 
other great luminaries in learning, adorned this fc6t. 

MATHEMATICS, the fcience of quantity ; or a 
fcicncc that confiders magnitudes either as computable 
or meafurable. 

The word in its original, mathejisy figni- 

hes difcipltne or fi knee in general; and, it feems, has 
been applied to the dodrine of quantity, <;ithei by way 
of eminence, or becanfe, this having the ftart of all 
other feiences, the rell took their common name from it. 

A . to the origin of the Mathematics, Jofepluis dates 
it before the flood, and makes the fons of Seth 
ohfervers of the coiiife and order of t)ie heavenly bo- 
dies : lie adds, that to perpetuate tluir difeoveries, and 
fjcnro them from the injuries either of a deluge or a 
contlv^iation, they had them engraven on two pillars, 
t!ie one of ftone, the other of brick ; the former of 
vJiii h, he fays, was yet ilandingin Syi'ia in his time. 

Indi t’d il is preMy generally agreed ‘that the fii'ft 
cultivators of Mathematics, after the flood, were the 
AfTyrians and Chaldeans; from v^lwur, Jofephus adds, 
tlic fciciicc was carried by Abraham to the Egyptians ; 
v.ho proved fnch notable profieicnts, that Ariftotlc 
even fixes the firft rife of Mathematics amon^ them. 
I'lom Egypt, 584 years before Chrill, Mathematics 
puffed into (Greece, being carried thither by Thales ; 
who having Itarned geometry of the Egyptian piicfls, 
taught it in his own country. After 1 hales, came 
l\’thagoraa; w'ho, among other Mathematical arts, 
puiid a particular regard to arithmetic; drawing the 
great eft part of his philofophy from numbers. lie 
was the firft, according to Laertius, who abftraded 
geometry from matter; and to him we owe the doc- 
trine of incommeiifurable magnitude, and the five re- 
gular bodies, bcfides the firft principles of inufic and 
aftronomy. To Pythagoras fucceeded Anaxagoras, 
Oenopldes, Brifo, Antipho, and Hippocrates of Scio ; 
all of whom particularly applied themfelvcs to the qua- 
drature of the circle, the duplicature of the cube, &c ; 
but the laft with moft fuccefs of any : he is alfo men- 
tioned by Procliis, as the firft who compiled elements 
of Mathematics. 

Democritus excelled, in Mathematics at well as phy- 
fics ; though none of his works in either kind are 
extant ; the deftnuSiioi) of which is by fome authors 
aferibed to Ariftotlc. . .The next in order is Hato, who 
not only improved geometry, but introduced it into 
phyfics, and fo laid the foundation of a folid philofo- 
phy. From his fchool arofc a crowd of mathemati- 
cians. Proclus mentions 13 of note ; among whom wzs 
Leodamus, who improved the analyfis firft invented by 
Plato; Thesetetus. who wrote Elements; and Aechytas, 
who has the credit of being the firft that applied Ma- 
thematics to ufe in life. Thcfe w’crc fuccccded by 
Ncoclcs and Thcon, the laft of whom contributed to 
the elements. . Eudoxus excelled in arithmetic and 
geometry, and was the firft founder of fyftem of 
alWonoray. Menechmus invented the conic fcSiions, 
aifd Thcudius,lknd Hennotimus improved the elements. 

For Ariftotlc, his works arc fo ftored with Mathema- 
tics, that Blancanus compiled a whole b(^ of them : 
out of bia fchool came Eudemus and Theojphraftui j 
VoL. IL 


the firft of whom wrote upon numbers* geometry, 
invifiblc Hues } and the latter compofed a mathemati- 
cal hiftory. To Arifteus, Ifidorus, Hyplicles, 
\re owe the booksof Solids ; which, wnEh the otl^r 
books of Elements, were l improved, colle£lcd, and me- 
thodifed by Euclid, who died 284 years before the birth 
ofChrift.' 

A hundred years after Euclid, came Eratofthencs 
and Archimedes : and contemporary with the latter 
was Conon, a geometrician and aftronomcr, Soon 
after came Apollonius Pergaeus ; wliofe cxcelleit 
conics are ftill extant. To him arc alfo aferibed tht 
14th and 15th books of Euclid, and which, it is faicl, 
were contraifted by Hypficles. Hipparclius and Me- 
iielaus wrote on the iiibtenfes of the arcs in a circle; 
and the latter alfo on fplierlcal triangles. Theodo- 
fius’s 3 books of Splierics are Hill extant. And all 
thcfe, Menelaiis excepted, lived before Clniil. 

Seventy years after Chrift, vv'as born Ptolomy of 
Alexandria; a good geometrician, and the prince of 
aftronomers : to him fucceeded the philolopher 
Plutarch, fome of whofe Mathematical pioblems arc 
ftill extant. After him came Eutocius, who com- 
mented on Archimedes, and occafio^nally mentions the 
inventions of Philo, Diodes, Nicomedes, Sporus, and 
Heron, on the duplicature of tlie cube. To Ctcfebci 
of Alexandria we arc indebted for pumps ; and Gerni- 
nu8, who lived foon after, is preferred by Proclus to 
Euclid himfelf. 

Diophantiis of Alexandria a great mailer of 
numbers, and the firft Greek writer on Algebra. Amon^ 
others of the Ancients, Nicomachusis celebrated for 
his arithmetical, geometrical, and mufical works : Sc- 
renus, for his books on the fedion of the cylinder ; 
Proclus, foi his commentaries on Euclid; and ThcoR' 
has the credit among fome, of being author of the 
books of elements aferibed to Euclid. The laft to be 
named among the Ancients, is Pappus of Alexandria, 
wllo flouriihed about the year of Chrift 400, and is 
juftly celebrated for his books of Mathematical collec- 
tions, Hill extant. 

Mathematics are commonly diftinguilhed into $/>i- 
cuJotive and Pra^icaly Pure and Mtxeei, 

Speculative Mathematics, is that which barely 
contemplates the properties of things : and 

Pratiical Mathematics, that which applies the 
knowledge of thofc properties to fome ufes in life. 

Pure Mathematics is that branch which confidcri 
quantity abftradcdly, and without any relation U) 
mutter or bodies.. 

Mixed Mathematics confiders quantity as fubfift- 
ing in material being ; for inftance, lengtli in a pole, 
depth in a river, height in a tower, &c. 

Pure Mathematics^ again, cither confiders quantity aa 
difcrctc, and fo computable, as arithmetic ; or as con- 
crete, and fo meafureable, as geometry. 

Mixed Mathematics are very extenfivc, and arc diftin- 
guifhed by various names, according to^ the differcijt 
fubjefts it confiders, and the different views in which 
it It taken ; fuoh as Aftronumy, Geography, Optics^ 
Hy^ftatics, Navigation, See, &c. . 

Pure Mathematics has one peculiar advapUgc, that 
it occalions no contelU among wrangling, dlfputantli, 
as happens in other biranchfti of Iwow'lcqgc ; and the 
M * ' ' reafdi 
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1(^011 J 8 , tcopfe the definitions df the terms are pre- 

? * and every perfon that re^idi a propofilion has the 

ame 5 dca\oj^vcry part of h. Hence ft is cafy to put 
an end'*ta tnathematical contrtyvcrftes^ by fhewing, 
either that our adverfary has not (luck to his definitions, 
or has not laid down true premifes, or clfe that lie has 
.drawn falfe conclufioas from true principles ; and in 
cafe we are not able to do either of tliefe, wc muft. ac- 
knowledge the truth of what he has proved. 

It is true, that in mixed Mathematics, where wc 
tcafon mathematically upon phyfical fubje^ls, fucU 
juft definitions cannot be given as in geometry : we 
muft “therefore be content with deferiptions ; which 
will be of the fame ufe as definitions, provided wc be 
confiftent with ourfelves, and always mean the fame 
thing by thofe terras wc have once explained. 

Dr. Barrow gives a very elegant defeription of the 
excellence and iilefulncfs of mathematical knowledge, 
in his inaugural oration, upon being appointed Pro- 
fcITor of Mathematics at Cambridge. The Mathema*- 
ties, he obferves, effectually exercile, not vainly delude, 
nor vexatioufly torment Itudicms minds with obfenre 
fubtilties, but plainly demonfirate every thing within 
their reach, draw certain conclufions, inftruCI by pro- 
fitable rules, and unfold pfeafant queftionB. Tlicfc 
difciplincs likewife enure and corroborate the mind to 
a conftant diligence in ftudy ; they wholly deliver us 
from a credulous fimplicity, moll ftrongly fortify us 
4igainfi the vanity of feepticifm, cffcdlually fcllrain us 
from a rafh prefumption, moft eafily incline us to a due 
aflent, and pcrfeClly fubjeCl us to the government of 
right rcafon. While the mind is abftraaed and eleva- 
ted from fcnfiblc matter, diflinClly views p\ire forms, 
conceives the beauty of ideas, and invefiigates the har- 
mony of proportions ; the manners themfclvcs arc fenfi- 
bly corfc£led and improved, the aflfeftions compofed and 
rectified, the fancy calmed and fettled, and the undet- 
’ Handing raif<fd ana excited to more divine contempla- 
tions. 

MATTER, an extended fubftanec. Other proper- 
ties of Matter arc, that it rcfifts, is folid, divifiblc, 
movjjable, paflive, &c ; and it foims the principles of 
■^diich all bodies are compofed. 

iMattcr arid form, the two fimplc and original prin- 
ciples of all things, according to the Ancients, com- 
pofing fomc fimple natfires, which they called Elements 
from tiie various copibinations of which aH natural 
things were afterwards compofed. 

Dr. Woodward was of opinion, that Matter is 
erigiRally and really various, bcin^ at firft creatioa 
dimed into feveral ninks, fets, or kinds of corpufclc?,, 
differing iti fubllance, gravity, hardnefs, flexibility, 
figure, fixe, &c j from the various compofitions and 
combinations of which, he thinks, arife all the varie- 
ties in bodies as to colour, hardnefs, gravity, taftes, Scc^ 
JBut it is, Sir Ifaac Newton^s opinion, that all thofe dif- 
j&rens^s refuh from, the various arrangements of the 
fame fatter; which he accounts homogeneous and 
uniform in all bodies. 

The quantity of Matter in any body, is its meafure 
fropi the joint confidci*ation of the magnitude 
and deufity of the body : as if one body be twice as 
denfc as another^ alio occupy twice the fpace, then 
it contam i times the Matter of the other.' This 


quantity of Matter is bed difcovei^ by the weight ct 
gravity of the body, to which it is always proportional.. 

Newton obferves, that it feetna probable, God, io 
the beginning, formed Matter in folid, .raaffy, hard, 
impenetrable, moveable particles, of fiich fixes, figures, 
and with fuch other propcities, and in fuch proportioa 
to fpace^ as moft conduced to the end for which he 
formed them ; and that thefe primitive particles, being 
folid, are incomparably harder than any porous bodies 
compounded of them ; even fo very hard, as never to 
wear, and break in pieces : no ordinary power being 
able to divide what God himfelf made one in the firft 
creation. While the particles continue entire, they 
may compofe bodies of one and the fame nature and 
texture in all ages ; but ftiould they wear away, or 
break in pieces, the nature of things depending on them 
would be changed. Water and earth, compofed ol 
old worn parti Jes, would not be of the fame nature 
and texture now with water and earth compofed of en- 
tire particles in the beginning. And therefore, that 
nature may be lafting, the changes of corporeal things 
are to be placed only in the various reparations and 
new aflbeiations and motions of thefe permanent par- 
ticles ; compound bodies being apt to break, not in the 
midft of folid particles, but where thofe particles are 
laid together, and touch in a few points. It feems 
farther, he continues, that thefe particles have not only 
a vis inertiae, accompanied with fuch paflive laws of 
motion as naturally refult from that force, but aliio 
that they arc moved by certain atlive principles, fuch 
as is that of gravity, and tlut which caufeth fermenta- 
tion, and the coliefioii of bodies, 'rijcfe principles arc 
to be confidered not as occult qualities, fuppofed to re- 
fult from the fpecific forms of things, but as general 
laws of nature, by which the things thcmfelvcs arc 
formed } their truth appearing to us by pheaomeiiaj 
thoi^h their caufes are not yet difeovered.” 

Hobbes, Spinoza, &c, maintain that all the btingj 
in the univerfe are material, and that their differ- 
ences arife from their dilTerent modifications, motiems. 
&c. Thus they conceive that Matter extremely fub- 
tile, and in a briik motion, may thiuk ; and fo they 
exclnde fpkit out of the world. 

pr. Berkley, on the contrary, arguci againft the cxift- 
ence of Matter itfelf j and endeavours to prove that it it 
A racrcewj rafhnist and has, no ijxiftencc out of the mind 

Some late philofophers have advanced a new hypo- 
th^ concerning the nature and cflential properties ol 
Matter. The firft of thefe who fuggefted or at leafl 
publifhed aji account of this hypothefis, was M. Bof 
fcbvfch, in his Theoria Phiblophias Naturah’s. H< 
fuppofes that Matter is not impenetrable, but that il 
cohfifts of phyfical points only, endued with poweri 
of afttraf< 6 ;ion and rcpulfion, taking place at dt&renl 
wHjanccB, that is, furrounded with various fpheres oi 
and repulfion ; in the fame manner as folk 
Matter is gfenerwiy fuppofed to be. Provided there 
fbre that any body move with a fufficient degree oJ 
velocity, or have fufficient momentum to overcome ap) 
power Of repulfion that it may meet with, it will find 
no difficulty in making its way though any bdd) 
whatever. If the velocity of fuch a body in motion b< 
fufi|ciently great, Bofeovkh contendg, that the pattidei 
of any body^^tough which it paficS) will sol ores b< 
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tcldcity fomfthhig left ttiftn* thie, they will be con(W 
dcrably a^tated, tlnd ignition might pcT4»aps be the 
^nfequtnce, tbw|lhlh? ptDgrcfs of the body in mo- 
tion would not be fenfibly interrupted ; and With a lltl! 
lefs raomenfum it might not pafs at all* 

Mr. MichcU, Dr. Pneftley, and fome others of our 
owncountr)s arc of the fame opinion. Sec Piieftlcy’s 
Hillory of Difcoverics relating to Li^ht, pa. 390. — * 
In conformity to this hypothefis, this author main- 
tains, that Matter is not that inert fubftance that it 
has been fiippofed to be ; that powers of attraction or 
fepuHioii are neccifary to its very being, and that no 
part of it appears to be impenetrable to other parts. 
Accordingly, he defines Matter to be a fubftance, pof- 
fefled of the property of extenfion, and of powers of 
attraction or repulfion, which are not diltinCt from 
Matter, and foreign to k, as it has been generally 
imagined, but abfolutely cffential to its very nature 
and being : fo that when bodies arc divcftecl of thefe 
powers, tney become nothing at all. In another place, 
Dr. Prieftley has given a fomewhat different account 
of Matter ; according to which it is only a number of 
centres of attraction and repulfion ; or more properly 
of centres, not divifiblc, to which divine agency is 
directed ; and as fenfatlon and thought are not incom- 
patible with thefe powers, fdliciity, or impenetrability*, 
and confequently a vis inertlafe ohly having been thought 
repugnant to them, he maintilms, that we have no rca- 
fon to fuppofe that there are in man. t Wo fttbllanccs 
abfolutely diftinCt from each other. Sec Difquifitioiis 
on Matter and Spirit. 

But Dr. Price, in a corrcfpondencc with Dr. Prieft- 
Icy, publifhed under the title of A Free Difeuflton of 
the DoCtnnes of Materialifm atid PHilofophical Nc- 
cefllty, 1778, has fuggefted a variefy of unanfwerablc 
objections againft this hypothefis of the penfctrability 
of Matter, and againft the conclufions that are ditfum 
from it. The vis inertise of Matter, he 1 fays, is thfe 
foundation of all that is demonftrated by natural phi- 
lofophers concerning the lavra of the coljifion bf bodies. 
This, in particular, is the foundation of NewtonS phi- 
lofophy, and elj[)eci^ly of his three laws of motion. 
Solid Matter has the power of aCiing on other Matter 
by inraulfe ; but unfolid Matter cannot aCf at all by 
impulie; and this is the only in which it is capab^ 
of aCIin^, by any a^ioo that k properly its own. If 
it be faid, that oilc particle of Matter can upon 
another without cOntaCl and impulfc, or that Matter 
can, by its own proper agency, attraCl or repel other 
Matter which is at a diftance from it, then a maxim 
hitherto univerfally received muft be falfc, that “ no- 
thing can aCI where it is not.” Newton, ih hit letters 
to Bentley, calls the notion, that Matter poffeffcs an 
innate power of attra^ion, or that it can aCf upon 
Matter at a diftance, and attraCl and repel by its own 
agency, an aibfurdity into which he thought no one 
could polhbly fall. And in another place he cx|k|^- 
ly difekims the notion of innate gravity, and has 
^en pmns to (hew that he did not take it^ to be an 
efTenthd property of bodies. By* the fame kind of rca- 
foning purfaed, it muft appear, that Matter^ has not 
the power of attraCIing and repclKng ; that this power 
Is the power of feme foreign eaufe, ading upon M»t^ 


Cer According to ftated^bvrs ; confeqhently 
^traction and repulfion, not adlions, much kfc 
mherent qualities of Matter, as fuefa, it clu^ht nol to 
be defined by them. And if Mattejr has do other pro- 
perty^ at Dr. Prieftley afferts, than the power or «t- 
trading and repelling, it mull be a non-entity j be- 
caufe this h a property that caunot belong to it. Be- 
fidcs, all power is the power of fomething ; and yet if 
Matter is nothing but this power, it muft be the 
power of nothing ; and the very idea of it is a con- 
tradiction, If Matter be not foUd extenfion, what can 
it be more than mere extenfion ? 

Farther, Matter that is not folid, is the fame with 
pore ; and therefore it cannot poflefs what philofoplu i# 
mean by the momentum or force of bodies, winch is 
always in proportion to the quantity of Matter in bo- 
dies, void of pore. 

MAUNDV Thursday, is thcThurfdayin Pafiioit 
week ; which was called MxinmU or Mandate Thurfdayp 
from the command viliich Chrift gave his apoftlcs til 
commemorate him in the Lord's Supper,, which he tliii 
day inftituted ; or from the new commandment which 
he gave them to love one another, after he had wafhed 
their feet a* a token of his love to them. 

MAUPERTUIS (pETEit Louis Morceau de), 
a celebrated French mathematician and philofopher, 
was born at St Malo in 1608, and was there privately 
educated till he attained his 16th year, when he was 
placed under the celebrated profelfor of philofophy^ 
M. Ic Blond, in the college of la Marche, at Paris } 
while M. GuIfnCe, of the Academy of Sciences, was 
his inftruClor in mathematics. For this fereoce he 
foon difeovered a ftrong inclination, and particularly fot 
geometry. He likcwife praCfifcd inilrumental mufic 
in his early years with great fuccefs j but fixed on nd 
profcHion till he was 20, wlien he entered into the 
army } in which he remained about ^ yean, during 
which time he purfued his mathematical ftudiei witn 
great vigour 5 and it was foon remarked by M. Frcrct 
and other academicians^ tliat nothing but roathematica 
could fatisfy his afUve foul and unbounded thirft fut 
knowledge. 

In the year 1723, he was received into the Royal 
Academy of Sciences, and read his firft performance, 
which was a memoir upon the conftru^tion and form 
of mufical inftniments. During the firft years of hia 
admiflion, he did not wholly confine his attention to 
mathematics ; he dipt into natural philofophy, and dif- 
covered great knowledge and dexterity iii obfervatiuna 
and experiments upon animals. 

If tnecuftom of travelling ‘into remote countries, 
like the fi^es of antiquity, in order to be initiated into* 
the learned myfteries of thofe times, had ftill fubfifted, 
no one ^ould have conformed to it with more eager- 
nefs tlian Maupertuis. His firft gratification of 
paiTion was to vifit the country winch had dven birth 
to Newton ; and during his relidencc at London he 
became as zealous an admirer and follower of that phl- 
lofophcras any one of his own countrymen. His next 
excurfion was to Bafil in Switzerland, where he fonned 
a friendlhip'with the celebrated John Bernoulli and hk 
family, which continued till his death. At his returb 
to Paris, he applied himfelf to hi# favourite ftudiet 
'iritli greater zeM than ever* AAd haw well he fuL 
M 2 filled 
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eiii the dutk* ef an «c4d<iilician, may be feen by 
ringing tycr tbc JK^^moirs .of the Academy from the 
▼car 1724 to 1744; where it appears that he was 
neither idle, nor occupied by objtds of fmall impor 
tance. The moft fublime queftions in the mathema 
tkal fcicnces, received from his hand that elegance 
cicarnefs, ajid prcci/ion, fo remaikable in all his v.nt' 

ings. , ,1 

In the year he was lent to the polar ende, 

to nicufurc a degree of the mcridisn, in order to af-ei- 
ta/ii the figure of the tuirtb ; In which expedition he 
Mas iicrcjinpnnicd hy McfT. Clnirnult, Canius, bfoniini, 
Outhicr, and CcJfua the celebrated profeflor of aiho- 
nomy at UpfaL Thin bii/incTa rendered him to famous, 
that on his return he admitted a inembtr of aiinoit 
every academy in Jiiirope. 

In the year 1740, Maiipeituis had an invitation horn 
the king of PrufTia to go to Berlin ; which wai> ten) 
flattering to be refufed. His rank among men of let* 
ters had not wholly effaced lu's love for his lirft pro- 
feflion, that of arins^ He followed the king to the 
field, bnt at the battle of Molwitz was deprived of 
the pleafure of being prefent, when vidory declared in 
favour of Ilia royal patron, by a lingular kind ot adven« 
lure. His horle, during the heat of the adion, running 
away with him, he fell into the hands of the enemy j 
and was at firll but roughly treated by the Auftrian 
Huffars, to whom he could not make hinifelf known 
for want of language ; but being carried prifoner to 
Vienna, he received fuch honours from the emperor as 
never were effaced from his memoi y. , Maupertuis la- 
mented very much the lofs of a watch of Mr. Graham^s, 
the celebrated Engliili artift, which they had taken 
from him ; the emperor, who happened to have ano- 
ther by the fame artill, but enriched with diamonds, 
prefentedit to him, faying, « the Huffars meant only 
) jell witli you, they have fent me your watch, and 
return it to you.’* 

He went foon after to Berlin ; biit.as the reforpi of 
the academy which the king of Pruffia then meditated 
was not yet mature, he repaired to Paris, where his 
affairs called him, and was chofen in 1742 diredor of 
the Academy of Sciences. In 1745- he was received 
into the French Academy ; which was the firll inftance 
of the fame perfon being a 10^111 her of both the aca* 
demies at Paris at the lame time. • Maupertuis again 
affumed tlie folcller at tlic fiege of Fribourg, and was 
pitched upon by inaiihal Coigiiy and the count d’Ar- 
genfon to carry the news to the French king of the 
luiTcnder of that citadel, 

Maupertuis returned to Berlin in the year, 1744, 
when u marriage was negotiated and brought about, 
jhy the good o&ces of the queen mother, between our 
author and madamoifelle de Borckf .a lady of great 
beauty and merit, and nearly related to M. de Borck 
at that time minillcr of date. This determined him 
to fettle at Beilin, as he was extremely attached to 
his new fpoufe, and regarded this alliance as the moll 
foitunatc circumllunce of his life. 

In the year 1746, Maupertuis was dedaredt by tlie 
king of Pruffui, Prefident of the Royal Academic of 
Sciences at Berlin, and foon after by the fame prince 
was Iwnourtd with the Order of Merit. However, 

•U thefe accumhlatcd honour! and advantages, fo far 


fyom Icffening'his ardour foFthe fcicflce^ 
furnilh new ^urements to labour and. application. Not 
a day paffed but he produced fome new projeft.or effay 
for the advancement of knowledge., (Nor did he confine 
hiinfelf to mathematical ftudies only : metaphyfics, 
chemillry, botany, polite literature, all fhared his at* 
tention, and contributed to his fame. At the rf^c 
time he had, it' feems, a ilrange inquietude of fpint, 
vviili a dark atrabilaire humour, which rendered iiinr 
mifcrable amidff honours and pleafure^* Such a tem- 
perament did not promife a pacific life ; and he was 
w tad engaged in fcveral quarrels. One of thefe wa^ 
with Kocjhg the profefTor of philofophy at Franeker, 
and another more terrible with Voltaire, Maupertuis 
had interted in the volume of Memoirs of the Academy 
of Berlin for 1746, a difeourfe upon the Jaws of mo- 
tion ; which Koenig was not content with attacking, 
but attiibutcd to Leibnitz. Maupertuis, Hung with 
the imputaLion of plagiarifm, engaged the academy of 
Berlin to call upon him for his proof ; which Koenig 
failing to prodpcc, his name was Hruck out of the 
academy, of which he was a member. Several pam- 
phlets were the confequcnce of this mcafure ; and Vol- 
taire, for fome reafon or other, engaged in the quarrel 
againll Maupertuis, We fay, for fome reafon or other ; 
becaufe Maupertuis and Voltaire were apparently upon 
the mod amicable terms ; and tlie latter refpeifted the 
former as his mailer in the mathematics. Voltaire 
upon this occafioii exerted all his wit and fatire againll 
him ; and upon the whole was fo much tranfported 
beyond what was thought right, that he found it ex- 
pedient in 1753 tp quit the court of Pruflia. 

Our pKilofopher’s conltitution had long been confi- 
derably impaired by the great fatigues of various kinds 
in which his aftive mind had involved him ; though 
from the amazing hardlhips he had undergone, in his 
northern expedition, moll of his bodily fufferings may 
be traced. The inteiife fharpnefs of the air could only 
be fupported by mean? of llrong liquors j which helped 
but to lacerate Jiis lungs, and bring on a fpitting of 
blood, which began at, jieall 12 years before he died. 
Yet Hill his mind fccraed to enjoy the gi-eaUll vigbup; 
for the bell of his writings were produced, and moll 
fublime ideas developed, during the time of his con- 
finement by Tick nets, ^ when he was unable to occu- 

J y his prefidial chair at the academy. , I^c took fcveral 
mrney.s to St. Malo, during the laff years of his life, 
for the recovery of his health ; and though he always 
received benefit by breathing his native air, yet Hill, 
upon his return to Berlin, his difordcr likewife retunied 
with greater violence. His laH journey into France 
was undertaken in the year 1757 ; when he was 
obliged, foon after his arriv^ tlicre, to quit his favourite 
retreat at St, Malo, on account of the danger and conr 
fufion wliich that town was thrown into by the arrival 
of the Englilh in its neighbourhood. From thence 
he went to Bourdeaux, hoping there to meet with a. 
neutral fhip to carry him to Hamburgh,, in bis way 
back to Berlin ; but be'lng difappointed in, that hope, 
he went to TouJoulIe, where he remained, feven monthsk. 
He had then thoughts of going^ to Italy, in hopes a 
milder climate would reftore him to^ health j but find- 
ing himfelf grow worfe, he rather inclined towards 
Germany, and went no Neufehatd, where for three 

montht 
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ftsont^s lie enjoyed tlie conTcrfation of lord Mari(chal» 
with "whom he had formerly been much cdiincfted. 
At length he .arrived at Bafil, Oftober i6, 1758, 
where he wa» received by his friend Bernoulli and his 
family with the utmoft tendernefa and affection. He 
at firll found himfelf much better here than he had 
been at Neufchatcl : but this amendment was of fliort 
duration ; for as the winter approached, his difordcr 
returned, accompanied by new and more alarming fymp. 
toms. He knguifbed here many months, during 
which he was attended by M. de la Condamine ; and 
died in 1759, at 61 years of age. 

The work? which he publimed were collected into 
4 volumes 8vo, publiflied at Lyons in 1756, where 
aifo a new and elegant edition was piinted in 1768. 
Thtfe contain the following works : 

I. EfTay on Cofmology.— 2. Lifeourfe on the dif- 
ferent Figures of the Stars. — EfTay 011 Moral Phi- 
lofophy. — 4. Philofophical Reileftions upon the Origin 
of Languages, and the Signification of Words— 

5. Animal Phyfics, concerning Generation See, — 

6. Syfiem of Nature, or the Formation of bodies — 

7. Letters on various fubjefks. — 8. On the Progrefs of 
the Sciences. — 9. Elements of Geography — 10. Ac- 
count of the Expedition to the Polar Circle, for de- 
termining the Figure of the Earth ; or the Mcafurc of 
the Earth at the Polar Circle.-^ii. Account of a 
Journey into the Heart of Lapland, to fearch for an 
Ancient Monument. — 12. On the Comet of 1742.— 
13. Various Academical Difeourfes, pronounced in 
the French and Pruflian Academies. — 14, Diflertation 
upon Languages. — ly. Agreement of the Different 
Laws of Nature, which have hitherto appeared incom- 
patible, — 16. Upon the Laws of Motion. — 17. Upon 
the Laws of Rcft.-^i8. Nautical Aftronomy. — 19. On 
tlie Parallax of the Moon.— 20. Operations for deter- 
mining the Figure of the E^rtli, and the Variations of 
Gravity. — 2t. Meafure of a Degree of the Meridian 
at the Polar Circle. 

Bcfidc tliefe works, Maupertuis was author of a 
great multitude of interefting papers, particularly thofe 
printed in the Memoirs of the Paris and Berlin Aca- 
demies, far too numerous here to mcnlion; viz, in 
the Memoirs of the Academy at Paris, from the year 
1724, to 1749 ; and in thofe of the Academy of Ber- 
L‘n, from the year 1746, to 1756. 

MAXIMUM, denotes the greatcfl ftate or quaif- 
tity attainable in any given cafe, or the grcatefl value 
of a variable (quantity. By which it ftands oppofed to 
Minimum, which is theleaft poffible quantity in any cafe. 

As in the algebraical cxprefHon a* — ^x, where a 
and b are conftant or invariable quantities, and x a va- 
riable one. Now it is evident that the value of this 
remainder or difference, a* — bxt will increafe as the 
term or jf, decrcafes ; and therefore that will be 
the greateft when this is the fmallcll ; that is, a* — bx 
k a maximum, when x is the leaft,or nothing at all. 

Again, the expreffion or difference a* — evident- 
ly increafes as the fra^ion ~ diminifhes ; and this dimi- 

X 

nllhcs as x increafes ; therefore the given expreffion will 
be the p-cateff, or a maxiaauro, when x is wic greateft, 
f f in&Di^e. * 

1 


1 max 

Alfo, iT along the diameter KZ (the 
of A circle, a perpendicular ordinate LM be coheeiv^ 
to move, K towards Z ; it is evident that, from 
K it increafes continuaily tin it arrive at the centre,, 
in the pofition NO, where it is at the greateft ftate $ 
and from tbance it continually decrcafes again, as it 
moves along from N to Z, and quite vanimes at the 
point Z. So that the maximum ftate of the ordinate 
13 NO, equal to the radius of the circle, 

Meihodus de Maximis et Minimis, a method of 
finding the greateft or leaft ftate or value of a variable, 
quantity. 
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Some quantities continually increafe, and fo have 
no maximum but what is infinite ; as the ordinate s 
BC, DE of the parabola ACE : Some continually 
decrcafc, and fo their Icall or minimum ftate is no- 
thing 5 as the ordinates FG, HI, to the afymptotes of 
the hyperbola. Others increafe to a certain magni- 
tude, which is their maximum, and then decreafe ag^ain; 
as the ordinates LM ^c of the circle. And otliers 
again decreafe to a certain inagnilude TV, which is 
their minimum, and then increafe again ; *as the ordi- 
nates of the curve SVY. While otheis admit of 
feveral maxima and minima j as the ordinates of the 
curve ahede^ where at h and d they are maxima, and 
<7, f, r, minima. And thus the nnxima and minima of 
all other variable quantities may, be conceived; cx- 
prefling thofe quantities by the ordinates of fume 
curves. 

I^lic firft maxima and minima are found in the Ele- 
ments of Euclid, or How immediately from them; 
thus, it appears, by the ytli prop, of book 2, that the 
greateft reft angle that can be made of the two parts 
of a given line, any how divided, is when the line is 
divicjed equally in the middle ; prob. 7, book 3, ftiew'S 
that the greateft line that can be drawn from a given 
point wiUiiu a circle, is that which pafles througli 
the centre ; and that the leaft line that tan be fo 
drawn, is the continuation of the fame to the other 
fide of the circle ; prop. 8 ib. flicws the fame for lines 
drawn from a point without the circle ; and thus other 
inftances might be pointed out in the Elements.— 
Other writers on the Maxima and Minima, arc, Apol- 
lonius, io the whole 5 th book of his Conic Seftions; 

and 
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mii JO the Preface or Dedication to that booh, he 
/hyu others had thca ilfo tfeated the fubje^, thoVgn 
hi a fJjghtcr mannen^^Archlmedes ; as lO prop, go 
his Treatife on the Sphere and Cylinder, where he de- 
niondrntcs that, of ail fpherical iegments under equal 
fuperlici'es, the hemfiphcrc is the ^reaWft* — Scuenus, 
in his 2(1 book, or that on the Conic Se<^^ion3. — 
Pappus, in many part* of his Mathctnatical Collec- 
tions ; as in lib. 3, prop. 28 &c, lib. 6, prop. 31 
^c, where he treats of feme airious cafes of va- 
riable geometrical quantities, flicwing how fomc in- 
creafe and decrcafc both ways to Infinity ; while 
others proceed only one way, by increafe or dc- 
creafe, to infinity, aud the other way to a certain 
magnitude ; and others again both ways to a certain 
magnitude, giving a maximum and minimum ; alfo 
lib. 7, prop. 13, 14, 165, 166, &c. And all thefe are the 
geometrical Maxima and Minima of the Ancients } to 
vihich may be added fome others of the fame kind, 
viz. Viviani l)e Maximis & Minimis Gcoinetrica Divi- 
natio in quiritiiin Conicorum Apolloiiii Pergoei, in fob 
at Flor. i6c 9 ; alfo an ingenious little traC^in Thomas 
*Simpfon*8 Geometrj*, on the Maxima and Minima of 
Ceometneal (Quantities. 

Other writings on the Maxima and Minima arc 
cliiefly treked in a more general way by the modern 
analylis ; ^nd fiift among thefe perliaps may be placed 
that of Fermat. This, and other methods, arc bett re- 
ferred to, and explained by the ordinates of curves. 
For when the ordinate of a curve incrcafcs to a certain 
magnitude, where it m greateft, and afterwards oecreafes 
again, it is evident that two ordinates on the contrary 
fidcs of the greateft ordinate may be equal to each 
other *, and the ordinates decreafe to a certain point, 
where they arc at the Icaft, and afterwards increafe again j 
there may alfo be two eoual ordinates, one on each fide 
of the Icaft ordinate. . Hence then an equal ordinate 
coiTcfponds to two different abfciffcs, or for every value 
of an ordinate there arc two values of abfciffcs. Now 
as the difference between the two abfciffcs is conceived 
to become Icfs and Icfs, it is evident that the two equal 
ordinates, correfpondiog to them, approach nearer and 
nearer together ; and when the differences of the ab- 
Iciffcs arc mfinitclylittle, or nothing, then the equal ordi- 
nates unite in one, which is cither the maximum or mi- 
nimum. The method henoe derived then, is this; Find 
tw'o values of an ordinate, expreffed in terms of the ab- 
feiffes ; put thofe two values equal to each other, can- 
celling tne parts that are common to both, and dividing 
all the remaining terms by the difference between the 
abfciffcs, which will be a common factor in them ; next, 
fuppofing the abfciffcs to become equal, that the equal 
ordinates may concur in the maximum or minimum, 
that difference will vanflh, as well as all the terms of the 
equation that include it ; and therefore, ftriking thofe 
tenns out of the equation, the remaining terms will 
give ihc value of the abfeifs correfponding to tlic 
maximum or minimum. 

For example, fuppofe it were required to find the 
greateft ordinate in a circle KMQ^ Put the diameter 
KZ = a, the abfeifs KL =; the ordinate I^M = y ; 
hence the other part of the diameter it L 2 a ^ x, 
and confequently, by the n ature of the cfrclc KL x LZ 
being equal LM*, x X « — x or <Mr — at* = y*. 


Again, pttt Afcfft KP S!S x -f 

the ddfettnee LP, the PCLbeihy tb 

LM or y ; here the n again KP xrZ of 

X 4- V X <2 — .r — X* — =ry*: 

put now thefe two values of y* equal to each other, Co 
/hall ax ^ X* es ax ^ X* — zdx -t- ad cancel 

the coipmoii terms ax and x^,then o — idx + ad—d\ 
or 2dx -!-(/*=; ad; divide aU by d, fo (ball aar + d 
a general equation derived from tlic equality of the two 
ordinates. Now, bringing the two equal ordinates to- 
gether, or making the two abfciffcs equal, their dlffcr- 
cnoc d vaniflics, and the laft equation becomes barely 
2xe=.a, or X = \a, = KN, the value of the abfeifs 
KN when the ordinate NO is a maximum, viz, the 
greateft ordinate bifefts the diameter. And the opera- 
tion and conclufion it is evident will be the fame, fo 
divide a given line into two parts, fo that their redaiiglc 
fliall be tnc greateft polTible. 

For a fccond example, let , ^ 

it be required to divide the A C D * B 
given line A B into two fuch 

paits, that the one line drawn into the fquare of the 
other may be the greateft poffible. Putting the given 
line AB = (t, and one part AC = .v ; then the other 
part* CB will be a — .r, and therefore 4 ^- x (? — .v = 
ax* — x'J is the product of one part by the fquare of 
the other. Again, let one part be AD n a’ + d, then 
the other part is a — y — r/, and x -h d) ^ x n — .v — =* 
ax* — — ^dx* -b 2ad •- 3 ^/^ . x + ad* — 

Then, putting thefe two prodiidts equal to each other, 
cancelling tlie common tenns ox* — and dividing 
the remainder by d, there rcfnlts 

on— 3.\» 4 * — 3(f . + W — d * ; hence, can- 

celling all the teims that contain d, there remains 
o = — -h 2axp or 3 .V = 2a, and, x = \a / that 
is, the given line muft be divided into two parts in the 
ratio of 3 to 2. See Fermat^s Opera Varia, pa. 63, 
and his Letters to F. Mcrfertne. 

The next method was that of John Huddc, given by 
Schooten among the additions to Des Cartes’s Geome- 
try, near the end of the ift vol, of liis edition. This 
method is alfo drawn from the property of an equatioi;i 
that has two equal roots. He there demonftrates that, 
having ranged the terms of an equation, that has two 
roots equal, according to the order of the exponents of 
the unknown quantity, taking all the terms over to one 
fide, and fo making them equal to nothing on the other 
fide ; if then the terms in that order be multiplied by 
the terms of any arithmetical progreffion, the refultiiig 
equation will ftifl have one of its roots equal to one of the 
^wo equal roots of the former equation. Now fince, by 
what has been faid of the foregoing method, when the 
ordinate of a curve, admitting of a maximum or mini- 
muni, is expreffed in terms of the abfeiffa, that abfeiffa, 
or the value of x, will be two-fold^ becaufe there arc 
two ordinates of the fame value ; tliatis, the equation 
has at Icaft two unequal roots or values of x : but 
when the ordinate becomes a maximum or minimum, 
the two abfeiffes unite in one, and the two roots, 
or values of x, are equal \ tlierefore, from the above 
faid property, the terms of this equation for the maxi- 
mum or minimum being multiplitd hy*the tyrms of any 
arithmetical progrefiion, the root of the reflating cqna# 
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one oftKe fiild e^i^rooU»or tbevtlueof 
the ibicift 9 when the ordinate is a tnaximup:). 

Althoviph the term® of any aridunetic progrcflioa 
uuy be uled for this parpofe, foiqe arc more conve- 
nient than ochera i smo Mr, Hucjdc dircds to nl|Mte ofc 
of that progrcffion which is formed by the exponents 
of ;r, viz, to multiply each term by .the exponent of iu 
power, and putting all the refulting produds ccpial to 
nothing ; w^iich, it is evident, is exactly the (kine pro- 
cefs as taking the fluxions of all the terms, and putting 
them equal to nothing f being the commtxn procefs now 
ufed for the fame purpofe. 

Thus, in the former of the two foregoing examples, 
where ax — x*, ory\ i® to be a maxunum j 
mult, by I a 

gives ax 2 x* o } hence 2 x = a, aadx {u, 
as before. 

And in tlvc 2d example, where ax* — x^, is to 
be a maximum ; mult, by - - 2 3 

ives 3A-5 = Ot 

ence 2 a — 3x = o, or 3;^ = za, and x =3 ja,. as 
before. 

The next general method, and which is now ufually 
pra(^lifed, is that of Newton, or the method of Flux- 
wns, which proceeds upon a principle different from 
that of the two former methods of Fermat and Hudde. 
Thefe proceed upon the idea of the two equal ordinates 
of a curve uniting into one, at the place of the maxi- 
mum and minimum ; but Newton’s upon the principle, , 
that the fluxion or increment of an ordinate is nothing, 
at the point of the maximum or minimum; a circum- 
fiance which imrpedfately follows frdm the nature of that 
dodlrinc : for, fince a quantity ceafes to increafe at the 
maximum, and to dccreafe at the minimum, at thofe 
points it neither increafes nor decreafes; and fince the 
fluxion of a quantity is proportional to its increafe or 
dccreafe, therefore the fluxion is nothing at the maxi- 
mum or minimum.. Hence this rule ; Take the fluxion 
of the algebraical expreflion denoting the maximum or 
minimum, and put it equal to nothing ; and that equa- 
tion will deterrarue the value of the unknown letter or 
quantity in qucflioii. 

So in the firft of the two foregoing examples, where 
it is required to determine x when ax — ;«* is a maxi- 
mum ; tne fluxion of this ia^ji- — 2 a.v = o ; divide by -v, 
£b fliall j — 2a = o, ora ^ 2 a, and a = ^a. 

Alfo, in the 2d example, where ax* x^ mull be a 
maximum : here the fluxioii Is 2^rAA — 3^*^ =r o j 
hence 2<j — 3^ = o, or 2 a =ss 3^, and x = 3^. 

When a quantity becomes a maximum or minimum, 
and is cxprefTed by two or more* affirmative and negative 
terms, in wbicb only one variable letter is contained ; 
it is evident that the fluxion of the affirmative terms will 
be equal to the fluxion of the negative ones j fince their 
difference is equal to nothing. ^ . 

And when, in the expreflion for the fluxion of a 
maximum or minimnin, there are two or more fhixion- 
ary lettem, each contained in both affinnativc and nega- 
tive tenns ; the fum of the terms containing the fluxion 
of each letter, wiU be equal to nothing ; For, in order 
that any expreflibn be a tnaximum: or nunimum, which 
contains two or more variable quantities, it mu ft pro- 
duce a maximum or miinmum> if but one of thofe 
^uafttities be ^ppofed ^riable« So if ^ ^ 


denote a minimum ; its fluxion fs jxf 4 

hence ax lyx =5 o, and ^ — 24 ^ s= o } from the 
former of thefe y sr J4, and from the latter jf =: 

Or, in fuch a cafe, take the fluxion of the whole expref- 
fion, fuppofing only one quantity variable ( then take 
the fluxion again, fuppofing another quantity only va- 
riable : and fo on, for all the feveral variable quantities 
which will give the fame number of equations fur de- 
termining thofe quantities. So, in the above example, 
ax — 2 xy + />y, the fluxion is ax — 2 yx = o, fuppoung 
only X variable ; which gives y =3 .« and the iluxioa 

is — 2j^ -f = o, wmen y only is variable ^ which 
gives X lb ; the fame as before. 

Farther, when any quantity is a maximum or mini- 
mum, all the powers or roots of it will be fo too ; at 
will the refult be, when it is incrcafed or dccreafed, 
or multiplied, or divided by a given or conftant quan- 
tity ; and the logaiithm of tlm feme wiE be sufo ^ 
maximum or minimum. 

7a ^nd •whtiber a proofed algebraic quantity ad» 
mtU of a maximum or Every algebraic cx- 

preffion does not admit of a maximum or minimum, 
properly fo called ; for it may either increafe conti- 
nually to infinity, or dccreafe continually to nothing ; 
in both which cafes there is neither a proper maximum 
nor minimum ; for the true maximum is iliat value tor 
which an expreflion iucrcafea, aiid after which it de- 
creafes again ; and the minimum is that value to which 
the cxpreffion decrcafes, and after that it increafejs 
again. Therefore when the cxpreffion adinits of a 
maxim4h, its fluxion is pofitivc before tliat point, and 
negative after it ; but when it admits of a minimum, 
its fluxion is negative before, and politive after it. 
Hence, take the fluxion of the expreflion a little be- 
fore the fluxion is equal to nothing, and a little after it; 
if the 111 ft fluxion be politive, and the laft negative, the 
midtile Hate is a maximum; but if the full fluxion be 
negative, and the lall politive, the middle flatc is a mi- 
nimum. Sec Maclaurin’s Fluxions, book i, chap. 9, 
and book 2, chap. 5, art. 859. 

MAY, Maiufi the fifth month in the year, icckoii- 
ing from our firft or January; but the thud, count- 
ing* the year to begin with March, as the Romans 
did anciently. It was called Maius by Romulus, in 
refpe^b to the fenators and nobles of liis city, who 
were named majores ; as the foIlo^vi^g month was 
called y’uftIuSf in honour of the youth of Rome, in bono- 
rem yWVwm, who ferved him in the war. I'liough feme 
fay it has been thus called from Mala^ the mother of 
Mercury, to whom they offered facrilicc on the firft day 
of this month t and Papias derives the name from 
Madiusy eo quod tunc terra madcat* 

In this month the fun enters the fign Gemini, and 
the plants of our hcmifpherc begin moftjy to flowqr. 

MAYER (Tobias), one of the greateft aftrono- 
mers and mechanifts of the- i8th century, was born at 
Mafpach, in the duchy of Wirtemberg, 1723. He 
taugm himfelf mathematics, and at i± years of age 
defigned machines and inftruments with the greateft 
dextenty and juftnefs. Thefe piirfuits did not hinder 
him from cultivating the Belles Lettres. He acquired 
the Latin tongue, and wrote it with elegance. In. 
1750, the univerfity of Gottingen chofc him fur their 
malhcmatjcal profcfforj aud every year of his fliort life 
6. wa« 
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wai theaccforward marked with Come cnnfidei'able diT- 
covenes in geometry and aftronomy. He publi/hcd fc- 
Tcral works in this way, which are all accounted ex- 
cellent of their kind ; and fome papers arc inferted in 
the fccond volume of the Memoirs of the Univcrfity of 
Gottingen. He was very accurate and indefatigable 
in his altronomical obfervations ; indeed hts labours 
feem to have very early exhaufted him ; for he 
died worn out in 1762, at no more than 39- years of 

His Table of Reflations, deduced from his aftiono- 
mical obfervations, very nicely agrees with that of 
Dodor Bradlev j and his Theory of the Moon, and 
^ftronomical 1 ablesand Precepts, were fo well eileem- 
cd, that they were rewarded by the Euglilh Board of 
Longitude, with the premium of three thoufand 
pounds, which fura was paid to his widow after his 
death. Thefe tables and precepts were publilhcd by 
the Board of Longitude in 1770. 

MEAN, a middle Hate between two extremes : as a 
mean motion, mean dillance, arlthmetieiJ mean, geo- 
iuetric.al mean, See, 

Arithmetical Me is half the fum of the extremes. 
£0, 4 is an arithmetical mean between 2 and 6, or be- 
tween 3 and 5, or between i and 7 ; alfo an arithmeti- 
cal m«in between a and h Is or d- 

Geometrical Mean, commonly called a mean pro- 
portional, is the fquare root of tlic prodinfl of the two 
extremes j fo that, to find a mean proportionan)ct\^cen 
two given extremts, multiply thefe together, aTOcxtrad 
the Iquare root of the produ^l. Thus, a mean propor- 
tional between i and 9, is i x 9 = ^^9 = 3 ; a mean 
between 2 and 4i is v'2 x 4^ =: ^/9 =: 3 alfo ; the 
mean between 4 and 6 is v/4 x 6 = ^^24; and the 
mean between a and b is ab, ' 

The geometrical mean is always lefs than the avith- 
tnetical mean, between the fame two extremes. So 
the arithmetical mean between 2 and 4^ is 3L but the 
geometrical mean Is only 3, To prove this" generally ; 
let a and b be any two terms, a the greater, and b the 

iefs ; then, univcrfally, the arithmetical mean -fLiL/ 

iliall be greater than the geometrical mean ova+i 
greater than 2 Tor, by 

Iquaring both, they arc a* + 2ab 4- b*> ^b ; 
fubtr. ^ib from each, then — i^b -f b^> o , 
that is - . ~ (a b)^ > O • 

To Jind a Mean Proportional 
Geometrically^ between two jjiven M 
lines M and N. Join the two 
given lines together at C in one 
continued line AB ; upon the 
diametet AB deferibe a femicircle, 
and ere£t the perpendicular CD } * 
which win be the mean propor- 
tional between AC and CB, or 
MandN. 

To Jind t<zi»o Mean Proportionals between two given 
extremes. Multiply each extreme by the fquare of 
the other, viz, the greater extreme by the fquare of 
the lefs, and the Icfs extreme by the fquare of the 



greater j then cxtraA the cube root out of each pro- 
duct, and the two roots will be the two mean propor- 
tionals fought. That is, V aH and V ab* are the two 
means j^tween a and b* So, between 2 a nd ^16, the 
two mean proportionals are 4 and 8 ; for (^2* x 16 = 
1/64 ss: 4, and 3 ‘X j6» ss ;{/5I2 = 8. 

In a finjilar manner we proceed for three means, or 
four means, .or five means. See, From all which it 
appears that the feries of the fevcral numbers of mcaa 
proportionals between a and b will be as follows : viz, 
one mean, jjab ; 
two means, ^aH, h/ab* ; 
three means, ijal^s 

four means, \/a^hy ; 

five means, yaPlP-y y ; 

&c, &c. 

HarmonicalMEKEty Is double a fourth proportional 
to the fum of the extremes, and the two extremes 

themfelvcs a and b ; thus, as a + ^ : : ih p 

a \ b 

= m the harmonical mean between a and b. Or it is 
the reciprocal of the arithmetical mean between the 
reciprocals of the given extremes; that is, take the 
reciprocals of the extremes a and by which will be 

1 and } then take the arithmetical mean between 
Cl b 

thefe reciprocals, or half their fum, which will be 

' ’ or ^ - ; lallly, the reciprocal of this is 

lb lab 

% 

— „ — ffi the harmonical mean : for, arithmeticals 

a b 

and harmonicals arc mutually reciprocals of each 
other ; 

\o that if a, m, by &c be arithmeticals, 

then (hall — , ~ See be harmonicals ; 
a m b 

or If the former* be harmonicals, the latter will be 
arithmeticals. 

For example, to find a harmonical mean between 

2 and 6 ; here a = 2, and ^ = 6 j therefore 

tab 2X2X6 24 , , ^ 

— _ = ...... y r= = 3 =: w the harmonical 

<31 T* p 2 d- o o 

mean fought between 2 and 6. ' 

In the 3d book of Pappus’s Mathematical Collec- 
tions we nave a very good traft on all the three 
forts of mean proportionals, beginning at the yth pro- 
pofition. He obiervca,. that the Ancients could not 
rcfolvc, in a geometrical way, the problem of finding 
two mean proportionals; and becaufe it is not ealy 
to deferibe tnc conic feftions in piano, for that 
purpofe, they contrived cafy and convenient inllru- 
meiits, by which they obtained |food mechanical con« 
ilru^Iions of that problem ; as appears by their writ- 
ings ; as in the Mefolabc of Eratofthenes, of Philo, 
with the Mechanics and Catapultics of Hero, For 
thefe, rightly decoung the problem a folid one, effefted 
the conltrudipn only by inftruments, and Apollonius 
Pergieuj ly means of the conic fcdlions ; which others 
again performed by the loci folldi of Ariftaeus ; alfo ' 
Nicomcdci folved it by tlic conchoid, by means df 

• whicb 


2 a 

lab 
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\\’lilch liktwife he trifieded an ande : and Pappus him- 
felf gave another folution of the lame problem. 

Pappus adds dehnitiona of the three foregoing dif- 
ferent forts of meani, with many problems and pro. 
perties concerning them, and, among- others, this 
curious fimilarity of them, viz, w, by being three 
continued terms, cither arithmeticals, geomctiicals, or 
harmonicals ; then in the 

Arithmeticals, a \ a ii a — m \ rn h\ 

Gcometricals, ax m x \ a m x m h\ 

Harmonicals, ax '6 :: a.^m : tn — b. 

Me hn-arifl-E Kfremc Proportion^ or Exlreme-and-Menn 
Proportion, is when a line, or any quantity is fo divided}^ 
that the lefs part is to the greater, as the greater is 
to the whole. 

Mfan Anomaly, of a planet, is an angle which is 
always proportional to the time of the planet^a motion 
from the aphelion, or perihelion, or proportional to 
tlie area deferibed by the radius vedor; tliat is, as the 
whole periodic time in one revolution of the planet, 
is to the time pad the aphelion or perihelion, fo is 
360° to the Mean anomaly. See iVnomaly. 

Mr AN Axh, in Optics. See Axis. 

Mean ConjunBion or Oppoftiion, is when the mean 
place of the fun is in coiijundion, or oppofition, with 
the mean place of the moon in the ecliptic. * 

Mean Diameter, in Gauging, is a Mean between 
the diameters at the head and bung of a caOc. 

Mean Dijlanct, of a Planet from the Sun, is an 
aiithmetical mean between ^tbe planet’s greatcll and 
lead diftances ; and this is equal to the femltranfvtrfe 
axis of the elliptic oibit in which it moves, or to the 
right line drawn from the fun or focus to the extre- 
mity of the conjugate axis of the fame. 

Mean Motion, is that by which aplanet Is fuppofed to 
Vnove equably in its orbit ; and it is always proportional 
to the timi:. 

Mean Time, or Equal time, is that which is 
fnred by an equable motion, as a dock ; as diilinguiflicd 
from apparent time, arifing from the unequal motion 
of the earth or (iin. 


MEASURE, denotes any quantity, alTumcd as 
imity, or one, to which the ratio of other homogeneous 
or like quantities may be expreffed. 

Measure of an Angle, is an arc of a circle de- 
feribed from the angular point as a centre, and inter- 
cepted between the legs or fidcs of the angle ; and it 
is ufiial to edimate and exprefs the Mcaiure of the 
angle by the number of degrees and parts contained in 
that arc, of which 360 make up the 
whole circumference. So, the mca- 
fnre of. the angle BAC, is the arc . J 

BC to the radius AB, or the arc he \ 
to the radius^A^, cX 

Hence, a right angle is mcafured 
hy a quadrant,* or 90 degrees j and 
any angle, as BAG, is in proportion \ 

to a ri^t angle, as the arcIBC is to a \ 

quadrant^ or as the degrees in BC \ 

are to 90 degrees. \ 

Common Measure. Sec Common ^ 

Meafure* 


Measure of a Ftgure, or Plane Surface, is a fquarc 
4 nch, or fqiuie foot, or fquarc yard, &c, tliat is, a 
VoL. II. 


fquare whofe Tide is an inch, or a foot, or a yard, or 
fomc other determinate length; and this fquarc is 
called the menfttring unit. 

Measure of a Line, is any right line taken at 
pleafure, and confidered as unity ; as an inch, or a 
foot, or a yard, <S(c. 

ZAne of Measures. See Line of Meafures* 

Measure Maf,m‘'^4antUy of matter, is its 
weight. 

“ Measure //rt Numlcr, is any number that divldc& 
it, without leaving a remainder. So, 2 is a Meafmc 
of 4, of 8, or of any even number j and 3 is a Mea- 
fiirc of 6, or of 9, or of 12, &c. 

Mea sure of a Ratio, is its logarithm, in any f) Hern 
of logarithms ; or it is the exponent of the power to 
which the ratio is equal, the exponent of fome given 
ratio being aflumed as unity. So, if the logarithm or 
Meafurc of the ratio of 10 to i, be aflumed eqiud to 
i ; then the Mcafinc of the ratio of 100 to i, will 
be 2, becaufe 100 is •=: io% orbecaufe 100 to i is in 
the duplicate ratio of ro to i ; and the Meafurc of the 
ratio of loco to i, will be 3, bcc.iufe looo is 
or becaufe 1000 to i is triplicate of the ratio of to 
to I. 

Measure of a Solid, is a cubic inch, or cubic foot, 
or cubic yaid, &c ; that is, a cube wliofe fule is an 
inch, or a foot, or a yard, &c. 

^ Measure of a Superfeia, the fame as the McafurC 
of a figure. 

Measure of Vdociiy, is the fpace uniformly pafled 
over by ll moving body in a given time. 

ifniverfal or Perpetual Meaburr, is a kind of Mea- 
fare unalterable by time or place, to which tiic Mcafures 
of dilFcrent ages and nations might be 1 educed, and by 
which they may be compared and cllimated. Such 
a Meafurc would be very ufcful, if it could be at- 
tained ; lince, being ufed at all times, and in all places, 
a great deal of confufion and error would be avoided. 

Huygens, in his Horol. Ofcil. j)rop()fcs, for this 
purpoic, the length of a pcriduliim that fliould vibrate 
feconds, ineafured from the point of riifpenlion to the 
point of ofcillation : the 3d part of’fueh a pendulum 
to be called horary foot, and to ferve as a (hiiidard 
to which the Meaulre of all other feet might be refer- 
red. Thus, for inliancc, the proportion of tlie Paris 
foot to the horary foot, would be tliat of 864 to 
881 ; becaufe the length of 3 Paris fret is 864 half 
lines, and the length of a pendulum, vibrating fe- 
conds, contains 881 half lines. But this Meafurc, in 
order to its being univerfal, fuppofes tliat the aiflion of 
giavity is the fame on every part of the earth’s furface, 
which is contrary to fad ; for which rcafori it would 
really ferve only for places under the fame parallel of 
latitude ; fo that, if every different latitude were to 
have its foot equal to the 3d part of the pendulum 
vibrating feconds there, any latitude would ftill have 
a different length of foot. And bcfides, the difficulty 
of meafuring exadly the dillance between the centres 
of motion and ofcillation arefuch, that hardfy any two 
meafurers would make it the fame quantity. 

M. Mouton, canon of Lyons, has alfo a trcatifif^ifeir 
Menfura pojlms tranfmittenaa, 

t Since that time various other expedients have, been 
propofed for dlabliffiing aa univci'fal Meafurc, but 
N hitherto 
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hitherto without the perfect cfFeA. In 1779> a me- 
thod was propofed to the Society of Arts, &c, by a 
Mr. Hatton, in confecj4ience of a premium, which had 
been 4 years advertifed by that inftitution, of a pdd 
medal, or 100 guineas, * for obtaining invariable 
ilandards for weignts and Menfures, communicable at 
;ill times and to all nations.* Mr. Hattoids plan con- 
fiiUd in tlie apjdicatlon of a moveable point offufpcii- 
iion to one and the fame pendulum, in order to pio- 
thicc the full and abfolutc efie^\ of two pendulums, the 
dilfercncc of whofc lengths ^vas the intended Meafure. 
Mr. Whitchurll much improved upon tliis idea, by 
very curious and accMirate machinery, in hk trad 
jmblillud 1787, intilled ‘An Attempt towards ob- 
taining invariable Meafuies of I.cngtb, Capacity, and 
Weight, from the Mcnfnration ot time, See, Mr. 
Whitehufll’s plan is, to obtain a Meafure of the grcatell 
length tliat convcnicncy will permit, from two pendu- 
lums wlmfe vibrations arc* In the ratio of 2 to 1, and 
wliofc lengths coincide with the Englirti llandaid in 
whole niimheis. I’hc numbers he has chofen fhew 
great ingenuity. On a fuppofitlon that the length of 
a fceonds pendulum, in the latitude of London, is 
39*2 inches, the kngtli of one vibrating 42 times in a 
minute, luufl be 80 inches ; and of anotht'r vibrating 
84 times in a minute, mufi be 20 inches ; their diftVr- 
ence, 60 inches or 5 feet, is his llandard Meafure. By 
hhi' experiments, however, the diflerence in the lengths 
of the two pendulums was found to be 50*892 inches 
inflcad of 60, owing to the error in the affumed length 
of the feconds pendulum, 39*2 inches being greater 
than the truth. Mr, Whitehurll has fully accomplifhed 
his dcfign, and ihewn how an invariable ftandard may, 
at all times, he found for the fame latitude. He has 
alfo afccrtained a fad, as accurately as human powers 
feem capable of afeertaining it, of great confcqucnce 
in natural philgfophy. The difference between the 
lengths of the rods of two pendulums whofe vibrations 
.are known, Is a datum from which may be derived the 
true length of pendulums, the fpacea through which 
heavy bodies fall jn a given time, with inany other 
particulars, relative to the dodrine of gravitation, the 
figure of the cailh, &c, kc. The rcfult deduced from 
this experiment is, that the length of a feconds pen- 
dulum, vibrating in a circular arc of 3® 20', is 39*1 19 
inches very nearly ; hut vibrating in the arc of a cycloid 
it w<?iild be 39*136 inches; and hence, heavy bodies 
will fall, in the firh fecond of their defeent, 16*094 
feet, or 16 feet inch, very nearly. 

It is faid, the French philofophcra have a plan in 
contemplation, to take for a univerfal Meafure, the 
length of a wEolc meridian circle of the earth, and take 
all other Mealures from fub-divifions of that j which 
will be a very good way. — Other projeds have alfo 
been devifed, but of little or no confi deration. 

Measure, in a legal, commercial, and popular fenfe, 
denotes r certain quantity or proportion of any thing, 
bo^ht, fold, valued, or the like. 

The regulation of weights and Meafures ought to 
^ \uiivei4lly the fame throughout the nation, and iu- 
deed all nations ; and they (hould therefore be reduced 
to fome fixed rule ot fiandard, 

Meafures are various, according to the various kinds 
®r dimenfions of the tilings mcafived. Hence afifo 


Lhieal or Longuuimal Mbasures» for lines or 

lengths : 

Square Measures, for areas or fuperficics : and 
Solid or Cubic Measures, for the folid ^ntents 
and capacities of bodies. 

The fcvcral Meafures ufed in England, are as in the 
following Tables 

I, Englijh Long Meafure, 

Barley 

Corns 

3 = I Inch 
36 = 12=: I Foot 

108 z: 36 = 3 == I Yard 

594= 198= i 61 == iPolc^ 

23760= 7920=. 660= 2 20 =: 40=:lFuilong 
190082 = 63360 = 5280 = 1760 — 320 = 8 = I Mile 

Alfo, 4 Inches = I Hand 

6 Feet, or 2 yds = i Fathom 

3 Miles = I League 

60 Nautical or Gcograph. Miles = i Degree 
or 693 Statute Miles = i Degree nearly 

360 Degrees, or 25000 Miles nearly = the Cu> 
cumfcrencc of the Eartlu 

2 . Cloth Meafure, 

Inches 

2;^ = I Nail 

9 =: 4 = I Qiiarter 

36 = 16 = 4 = 1 Yard 

'27 =: 12 = 3 = I Lll llcmllh 

45 = 20 = 5 = 1 Ell Englllh 

54 =:24=:6=:lEll Frcnclu 

3. Square Meafure, 

Inches 

144 =3 i Foot 

12!:/) = 9=1 Yard 

39204 == 272 J = 30-1 = I Pole 

1568160 = 10890 = laio = 40 = I Rood 

6272640 = 43560 zz 4840 -= 160 = 4 = 1 Acre^ 

4. Soridy or Cubical Meafure. 

Inches 

1728 = I. Foot 
46656 =: 27 = I Yard. 

j. Wine Meafure,. 

Pints. 

2 = I Quart ’ 

8 qr 4 = J Gallon = 231 Cubic Inches*. 
336=. 168= 42 = 1 Tierce 
504 = 252 = 63 = I » =. I Hogfliead 
673 = 336 ==: 84 = 2 =15=1 Puncheon 
1008 = 504 = 126 ~ 3 =2 = If = I Pipe 
^16= ioo&= 252 = 6 =4=3 =2 =iTusi,. 

^ Alfo, 231 Cubic Inches = 1 Gallon 

10 Gallons == x Anker 

j8 Gallons = i Runlet 

5 If Gallgas. 5;= i Barrel. 
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4* Ale and Beer Meafure* 

pints# 

2 = I Quart. 

8 = 4=" I Gallon = 282 Cubic Inches. 

• 72 = 36 =: 9 — I Firkin* 

144== 72= 18= 2 = 1 Kilderkin. 

288 = 144= 36= 4= 2 = I Barrel. 

432 = 216= 54= 6 = 3 = li = I Hogfhead. 
'.^fi=:288= 72= 8=4=2 = I j = 1 Puncheon. 
*64 = 432 = «o 8=>2 = 6 = 3 =2 =iJ=iButt. 

Note, The Ale gallon contains 282 cubic inches. 


C 9* ] 

7. Dry Meafum 

Pints. 

& = I Gallon = 268 f Cubic Incbcs* 

16= 2 == I Peck, 

64 =s 8 = 4=1 BuHiel. 

256= 32= 16= 4= 1 Coom. 

512= 64= 32= 8=2= I Quarter. 
2560=^ 320= 160 = 40=1: 10= 5=:iWey'. 
5120 = 640 =s 320 = 80 = 20 = 10 = 2 = I Laft. 

Alfo, 268f Cubic Inches = i Gallon, 
and 36 Buihels of Coals = i Chaldron., 


8. Proportions of the Long Meafures of federal Nations to the EngliJIs Foot. 

Englifli ... foot 

Palis ... foot 

Rynl.ind, or Leyden - foot 

Amilerdani - - foot 

Brill , , - foot 

Antwerp - • - foot 

Dort - - - - foot 

Lorrain ... foot 

Mechlin - - - foot 

Middleburgh - - foot 

Strall)urgh - - • foot 

Bremen . . - foot 

Cologn - . - foot 

Frankfort ad Moenum - foot 

Spanifh • - - foot 

Toledo - - - foot 

Roman mm* foot 

On the monument of 1 r 

Ceftius Statilius j - 00 

Bononia - • - foot 

Mantua ... foot 

Venice - - - -foot 

Dantzic ... foot 

Copenhagen - - foot 

Prague . . r. foot 

Riga ... foot 

Turin - . . foot ' 

The Greek - - foot 

Old Roman - - foot 

Lyons • . - ell 

Bologna - .ell 

Thoufandth 

Tarts. 

Inchc** 

Amilcrdam . - ell 

Antwerp - - - ell 

Rynland, or Leyden - ell 

Frankfort - - - cU 

Hamburgh • - . cll 

Leipfic - • - cll 

Lubeck - - - ell 

Noremburgh - - cll 

Bavaria - - - ell 

Vienna - - - cll 

Bononia - - ell 

Dantzic - - - ell 

Florence - • Brace or cll 

Spaniih, or Caftilc - palm 

Spanilh ♦ - - - vare 

Lifbon - - - vaic 

Gibraltar ... vare 

Toledo - . - vare 

f palm 

Naples " * 1 

[ canna 

Genoa ... palm 

Milan - - calamus 

Parma - - - cubit 

China • - - cubit 

Cairo • - cubit 

Old Babylonian • - cubit 

Old Greek - - cubit 

Old Roman - - cubit 

Turkifli - - pike 

Perfian ... arafh 

Thoufandth 

Part*. 

Inchei. 

lOCO 

io65j 

•0.33 

942 

1103 

946 

1184 

958 

919 
991 

920 

964 

954 

948 

loot 

899 

967 

97* 

1204 

1569 

1162 

944 

965 
1026 
1831 
1062 
1007 

970 

3967 

2076 

12*000 

12*792 

12*306 

11*304 

13*236 

11*352 

14*208 

11*496 

11*028 

1 1*892 

1 1 *040 
11*568 
11*448 
11*376 
12*012 
10*788 

1 1 *604 

I 1*664 

14*448 

18*838 

*3'944 

11*328 

1 1*580 
12*312 
21*972 

12*744 

12*084 

I I *640 
47-604 
24-9 « 2 

2269 

2273 

2260 

1826 

1905 

2260 

1908 

2227 

954 

^053 

2147 

1903 

^9*3 

75* 

3004 

2750 

2760 

2685 

861 

2100 

6880 

830 

6544 

1866 

1016 

1 1824 

1 *520 

1 *5>* 
'458 

2200 

3*97 

27*228 
27*276 
27*120 
2 1 *9 1 2 
22*860 
27*120 
22*896 
26*724 
1 1*448 
12*636 
25-764 
22*836 
22-956 
9*012 
36*040 
33*000 
33*120 
32*220 
10*332 
25*200 
82*560 
9*960 
78*528 
22*392 
I#* 192 
21*888 
18*240 
18*132 
,17-496 
! 26*400 
38'36^ 


MEASURING, the fame as Mensuration, 
which fee* 

MECHANICS, a mixed mathematical fcience, that 
treats of forces, motion, and moving pos^'crs, with 
their cffcAsin machines, &c. The fdence of Mecha- 
nics is diftinguifhed, by Sir Ifaac Newton, into Prac- 


tical and Rational ; the former treats of the Mechani- 
cal .Powers, and of their various combinations; the 
latter, or Rational Mechanics, comprehends the whole 
theory and doctrine of forces, with the motions and cf* 
fe6Ii produced by them. ‘ 

That part of Mechanics, which treats of the wci;cht, 
N 2 
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ravity, and cquiiibnum of bodies sitkI powers, is called 
tatics ; as ^lilUnguinicd from tint, part which confi- 
dm the Mechanical p(nv»-rs, ami their application, 
which is properly called Mechanics. 

Some of- the principles of Statics were rAabllllied 
by Archimedes, in hia on the Centre of 

Oravity of Plane Figures : btlldcs which, liitlc tnoic 
upon Mechanics is to be found in tbe wilting; of the 
Artcients, except what contained in the Htli i.ooL of 
Pappus’s Mathematical Collee^ioiis, c<>ncci mug the 
live Mechanicid Pov.x ri . Galileo laid the 1 k 11 toimda- 
lion of Mcclianics, when he InveRtgaled the dcict nt of 
heavy bodies; and lince bis time, by the iifTilKiuce of 
the new methods of computation, a g-uat piogrefs has 
been made, cfpeci.illy by Neu'ton, in l.is Piincipia, 
vvhicb is a general treatife on Rational and Pbj fieal Me- 
clninics, in its larged extent. Othei wiiteis on tins 
h'icnee, or fomc branch of it, are, Guido Ul>.ildus, in 
his IJber Meehan icorum ; 'Poiricclli, 1 obri dc Motu 
Gravium naturaliter Defecudcnlium 5 .: Piojcftoium ; 
lialianup, Tra( 5 fatus de Motu natmali Gravium; Huy- 
rens, Horologium Ofeillatoriuin, and Traitatus de 
Motu Coi'ponim ex PerCuflionc ; lA'lbnitz, RclilUn- 
tia Solidotum in Ada Plruditor. an. ibf<4; Guldiniis, 
l)e Cnitfo Gravitatis ; Wallis, Tradatiisde Mtcliani- 
ca ; Varignon, Projet d’une Noiuellc^ Mcclumique, 
and lu’s papers in the Memoir. Acad. an. 1702 ; 
Borelli, Tradatus Dc Vi Pcrcuirumis, De‘ Motionibus 
Naturalibu'i a Gravitate pendviilibus, and Dc Motu 
Animaliiim; Dc Chales, Treatife on Motion; Par- 
dics, Difeourfe of Local Motion ; Parent, Elements 
of Mccliaiiics and Phyfics ; Cafatus, Mechani- 
cs ; Oughtred, Mechanical Inflitutions ; Rohanlt, 
Tiadntiis do Mcchanica ; l.amy, Mechaniqiic ; Keill, 
lAtrodudicm to true Philofophy ; Dc la Hire, Mc- 
chaniqiie ; Mariottc, Traite du Choc^cs Corps; 
Dilton, liaws of Motion.; Herman, rhorononiia; 
Gravefande, Phyfics ; Euler, Tradatus de Motu ; 
Mufrehenbroek, Phyries ; Boflii, Meclianique ; Defa- 
gulicrs, Mechanics ; Rowning, Natural Philofophy ; 
EnuMfon, Mechanics; Parkinfon, Mechanics; La 
Giange, Meclianique Analytique ; Nicholfort, Intix)- 
dudlou to Natural Philofophy; Enfield, inftitutes 
of N.itural Philofophy, S:c, &c. As to the Deferip- 
lion (if Machines, ice Strada, Zellingius, Beflbn, 
Augiillinc dc Ramcllis, Boetlcr, Leopold, Sturmy, 
PcrrSult, Liniberg, Emerfon, Royal Academy of Sci- 
ences, dec. 

Ill treating of machines, w'e fhould confider the 
Weight that is to be raifed, the power by which it is to 
be raifed, and the inftrument or engine by which thia 
effed is to be produced. And, in treating of thefe, 
there are two principal problems that prelent them^ 
fedves : the firll is, to determine the proportion which 
the power and weight ought to have to each other, 
that tliey may jull be in equilibrio ; the fecond is, to 
determine what ought to be the proportion between 
the power nnd weight, that a machine may produce 
the greatefl effed in a given time. All writers on 
Mctmanics treat on the firll of thefe problfcma, but few 
have oonfidered the fecond, though not lefs ufcful than 
the other. 

At to the firfl problem, thit general rule holds in all 
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powders ; namely, that when the power and weight are 
Kciprotally proportional to the dillanccs of the diiec- 
tions In which they adt, from the centre of motion ; 
'or when the prodiid of the power by the dillance of lu 
(Ihection, is equal to tlui produd of tiu weight by the 
diilauce of its diredion ; this is the c ifc in which the 
power and weight fuftain each other, and are in equl- 
libiio ; fo that the one v/ould not prevail over the 
other, if tlw engine wore at lelt ; ami if it weie in 
motion, It would conliiiut to j roceed uniloi mly, it it 
were not foi the friction of itL parts, and otliei relitj^- 
ances. And, in general, the eiled of any power, or 
force, is as the produd of that force multiplied by the 
dillance of its diredion from the centre of motion, or 
the piodud of the power and its velocity when in mo- 
tion, fince this velocity is propurllonal to the dillance 
from tliat centre. 

'The fecond general problem in Mcclianics, is, to 
dttcirnlne the proportion between the power and wx-ight, 
fo that w’lien the povver prevails, and the nuehi.ie in 
motion, the greatell clTed pofiibic may be piodiiced 
b\ It In a given time. It is manifell, that this is an 
eiiquiiy of the greatell importance, though few liavc 
treated of it. ndien the power Is only a little gieater 
than what is fiifficient to fuilain the weight, the motion 
ufually is loo Ilow' ; and though a greater weight be 
raifed In this cafe, it is not fufiicicnt to compenlate for 
thelofscf time*. On the other inmd, wdien the power 
is much greater than wdiat is fufiicicnt to fuilain the 
weight, this is raifed In Icfs time ; but It may happen 
that this is not fufficitnt to compenfate for the lofs 
ariiing from the fmallncfs of the load. It ought there- 
fore to be determined when the produd of tlie weight 
multiplied by its velocity, is the greatell poflible ; lur 
this produd meafures the effed of the engine in a 
given time, which is always the greater in proportion 
both a# the weight is greater, and as its velocity is 
greater. For fomc calculations on this problem, fee 
Maclaurin’s Account of Newton’s Difeoveries, p. 171, 
See ; alfo his Fluxions, art. 908 &c. And, for the 
various properties in Mechanics, fee the fevcral terms 
Motion, Fohce, Mechanical Powers, Lever, See, 

mechanic, or Mechanical, fomething re- 
lating to Mechanics, or regulated by the nature and 
laws of motion. 

Mechanical ii alfo ufed in Mathematics, to fignify 
a conftrudion or proof of fomc problem, not done in 
an accurate and geometrical manner, but coarfely and 
unarlfully, or by the affiftance of inftruments ; as arc 
moll problems relating to the duplicaturc of the cube, 
and the quadrature of the circle. 

Mechanical jfffedions, fuch properties in matter, 
as refiJt from their figure, bulk, and motion. 

Mechanical Caufes^ arc fuch as are founded on 
Mechanical Affedions. 

Mechanical Curve^ called alfo Tranfcendental, is 
one whofe nature cannot be cxprefTcd by a finite Alge- 
braical equation. 

Mechahical Philofophy f alfo called the Corpufeu^ 
hr Philofophy^ is that which explains the pheno- 
mena of nature, and the operations of corporeal things, 
on the principles of - Mechanics ; viz, the motion, 
gravity, figure, arrangement, difpofiUon, greatntfs, 
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or fmaUncfs of the part« which compofc natural bo- 

^^'nIechanical Soluiwn^ of a Problem, is either 
•when the thing is done by repeated trials, or when the 
lines uC^d in the folutiun are not truly geometrical, or 
by oi*ganlcal conftru^tion. 

Mechanical Powerst are certain ilmple machines 
which arc ufed for railing greater weights, or overcom- 
ing greater rtll (lances than could be e{fc( 5 lcd by Uk: na- 
turalllrciigth vviihoutthem. 

4 Thcfe funple machines are ufually accounted fix in 
number, viz, the I.ever, the Wheel and Axle, or Axis 
in Pcritrochio, the Pulley, the Inclined Plane, the 
Wedge, and the Screw. Of the various combinations 
of tlielc limplc powers do all engines, or compound 
imthines, coniill : and in treating of them, fo as to 
fettle their thcoiy and properties, they are conlidered 
as mathematically exa£l, or void of weight and thick- 
nefs, and moving Avithout fritlion. See the proper- 
tie-'. and dcmonll rations of each of ihele under the kve- 
ral words Llver, &.c. To which may be added the 
f.llowing general oblervations on them all, in a connec- 
tive way. 

I. A Lever, the moll fim pic of all the mechanic 
powers, is an engine chiefly ufed to raife large 
v.cigiits to fmall heights ; fueh as a handfpike, 
wIk u of wood ; and ''a ciow, w'hen of iron. In 
theory, a lever is confidtrcd as an inflexible line, like 
the beam of a balance, and fubjea to the fame propor- 
tions ; only that the power applied to it, is commonly 
an animal power ; and from the different ways of ufing 
it, or applying it, it is called a lever of the lirft, fe- 
eond, or third kind : vi/, cf the iff kind, when the 
wci'jht is on one fide of the prop, and the power on 
the other ; of the 2d kind, when the weight is between 
the prop and the power ; and of tlie 3d kind, when the 
power is between the prop and the weight. 

Many of the inftniments in common ufe, arc k/ers 
of one of the three kinds ; thus, .pincers, fheers, for- 
ceps, fnuffers, and fiich like, are compounded of two 
levers of the firll kind ; for the joint about which they 
move, is the fulcrum, or centre of motion ; the power 
is applied to the handles, to prefs them together ; and 
the weight is the body which they pinch or cut. The 
cutting knives ufed by druggills, pattcn>makcr&, block- 
makei-s, and feme other trades, are levers of the 2d 
kind : for the knife is fixed by a ring at one end, 
which makes the fulcrum, or fixed point ; the other 
end is moved by the hand, or power ; and the body to 
be cut, or the refiftance to be overcome, is the weight. 
Doors arc levers of the 2d kind ; the hinges being the 
centre of motion ; the hand applied to the lock is the 
power ; while the door or weight lies between them. 
A pair of bellows confifta of two levers of the 2d kind ; 
the centre of motion is where the ends of the boards are 
fixed near the pipe ; the power is applied at the lian- 
dles ; and the air preffed out from between the boards, 
by its rdfifiance, afts againft the middle of the boards 
IIkc a weight. The oars of a boat arc levers of the 2d 
kind : the fixed point is the blade of the oar in the wa- 
ter ; the power is the hand a^ing at the other end ; 
and the weight to be moved is the boat. And the 
fame of the rudder of a veffel. Spring fheers and tongs 


are levers of the jd kind ; where tkc centre of motion 
is at the bow-fpi ing at one cod } the weight (fr refin- 
ance is a<Sled on by the other end } and the hand or 
power is applied between the ends. A ladder reared 
by a man againft a wall, is a lever of the 3d kind : and 
fo are alfo almoll all the bones and mufcles of animals. 

In all levei-s, the efletl of any power or weight, is 
both proportional to that power or weight, and alfo to 
its dillancc from the centre of motion. And hence it 
is that, in raifing great weights by a lever, we chufc tlic 
longeft levers; and alfo reft it upon a point as far from 
the hand or power, and as near to the weight, as pofli- 
ble. Hence alfo there will be an equilibrium bet weea 
the pow'or and weight, when thofc two pioduiSls arc 
equal, viz, the power multiplied by its diftance, equal 
to the weight multiplied by Its diftdtice ; when, alfo, 
the weight and power aie to each other i*«:ipruC'illy as 
their diliances from the prop or fixed point. 

2. The Axis in Pcritrochio, or Wheel and Axle, i* 
a fimplc engine coufiftlng of a wheel fixed upon the 
end of an axle, fo that they both turn round together 
in the fame time. This engine maybe referred to tlv 
lever : for the centre of the axis, or w^heel, is the fixed 
point ; the radius of the wheel is the diftance of the 
power, adding at the circumference of the wheel, from 
that point ; and the radius of the axle is the diibnce 
of the weight from the fame point. Hence the cffe^l 
of the power, independent of its own natural intcnlity, 
is as the radius of the wheel; and the cfledt of the weight 
is as the radius of the axle : fo that tlie two will be iii 
.equilibrio, when the two produdls are equal, which arc 
made by multiplying each ot theie, the weight and 
powder, by the radius, or diftance at which it adU ; and 
then alfo, the weight and power are reciprocally pro- 
portional to thofc radii. 

In pradtice, the thicknefa of the rope, that wiudt 
upon the altle, and to which the w eight is faftcncd> 
is to be confidered: which is done, by adding half its 
thicknefa to the radius of the axis, tor its dillancc from 
the fixed point, when there is only one fold of rope 
upon the axle ; or as many times the tliicknck as there 
are foldsy wanting only one half when there arc fcvcia) 
folds of the rope, one over another : which is the rca- 
fovi that more power muft be applied vs'hcn the axis is 
thus thickened ; as often happens in Rawing water 
from a deep and narrow well, over whicli a long axle 
cannot be placed. ^ * 

If the rope to whicli the pow'cr is faftened, be fuc- 
ceifivcly applied to different wheels, wliofe diainetccs 
arc larger and larger ; the axis will be turned with ftill 
more and more eafe, unlefs the intcnfity of the power 
be diininifhcd in the fame proportion ; and if fo, the 
axis will always be drawn with the fame ftrength by a 
power continually dlminiftiing. This is pradiifed iu 
fpring clocks and watches ; where the fpiral fpring, 
which is ftrongeft in its adtion w'hcn firft wound up, 
draws thefuzee, or continued axis in pcritrochio, firil 
by the fmaller wheels, and as it unbends and becomes 
weak, draws at the larger wheels, in fuch manner that 
the watch work is always carried round with the fame 
force. 

As a very fmall axis would be too weak for very 
great weights, or a large wheel would >e cxpeufive as 
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wellas cumbcrfome, and take more room than perhaps 
can be fpared for it ; therefore, that the action of the 
poorer may be increafed, without incurring either of 
thofc inconveniences, a compound Axis in Peritrochio 
19 ufed, uhich is effeded by combining wheels and 
axles by means of pinions, or fmall wheels, upon the 
axles, the teetli of which take hold of teeth made in 
the large wheels; as is feen in clocks, jacks, and other 
compound macliines. And in fiich a combination of 
wheels and axles, the efledt of the power Is increafed In 
the ratio of the continual prod u<fl of all the axles, or 
fmall wheels, to that of all the larpre ones. 7’iius, if 
there be two fmall wheels and an axle, turning three 
large wheels; the axle being 2 Inches diameter, and 
each of the fmall wheels 4 inches, while the large ones 
are 2 feet or 24 inches diameter; then 2 X4 X 4 — 32 
is the cont+hual product of the fmall diameters, and 
24 X 24 X 24 — 13824 is that of the large ones; 
therefore 13824 to J2, or 432 to i, is the ratio in 
whi'eh the power is increafed : and if the power be a 
man, whofc natural ftrength is equal, fuppofe, to 150 
pounds weight, then 432 x 150 = 648001b, or 28 ton 
18 cwt 641b, is the weight he would be able to ba- 
lance, fiifpendcd about the axle. 

3. y/ Slni;/r Pulley, is a fmall wheel, moveable round 
an axis, called its centre pin ; which of itfcif is not 
properly one of the mechanical powers, bccaufe it 
produces no gain of power ; for, as the weight hangs 
by one end of the cord that pafles over the pulley, 
and the powder a^s at the other end of the fame, thefe 
ail at equal dillancea from the centre or axis of motion, 
and confcqucntly the power is equal to the weight when 
in cquilibrio. 80 that the chief life of the fingle pulley 
is to change the diredion of the power from upwards 
to downwards, ^cc, and to convey bodies to a gijeat 
height or diftance, without a perfon moving from his 
place. 

But by combining feveral fingle pulleys together, a 
confiderable gain of pow cr is made, and that in pro- 
portion to the additional number of ropes made to 
pafs over them ; and yet it enjoys at the fame time 
the propcrtics.of a fingle pulley, by changing the direc- 
tion of the adion in any manner. 

4. The Inclined P^anc, is made by planks, bars, or 
beams, laid aflope ; by which, large and heavy bodies 

V may be more eafily raifed or lowered, by Aiding them 
up or down the plane ; and the gain in power is in 
proportion as the length of the plane to its height, or 
as radius to the fine of the angle of inclination of the 
plane with the horizon. 

In drawing a weight up an inclined plane, the power 
ads to the greatell advantage, when its diicdion is pa- 
rallel to the plane. 

5. The li^eJgc, which rcfembles a double inclined 
plane, is very ufeful to drive in below very heavy 
weights to rajfc them but a fmall height, alfo in cleav- 
ing and fplitting blocks of wood, and llone kc ; and 
the power gained, is in proportion of the flant fide 
to half the thicknefs of the back. So that, if the 
back of a wedge be 1 inches thick, and the fide 20 
inches long, any weight prelfing on the back will ba- 
lance 20 times as much ading on the fide. But the 
great advantage of a wedge lies in its being urged, not 


by prefTurc, but ufuaJly by^ pcrcufllon, as the blow of * 
hammer or mallet ; by which means a wedge may b® 
driven in below, and fo be made to lift, almoH any the 
greatell weight, as the largell (hip, by a man ftriking 
the back of a wedge with a mallet. 

To the wedge may be referred the axe or hatchet, 
the teeth of faws, the chifel, the augur, the fpadc and 
Ihovel, knives and fwords of all kinds, as alfo the 
bodkin and needle, and in a w’ord all forts of inftruments 
which, beginning from edges or points, become gra- 
dually thicker as they lengthen ; the manner in which 
the power Is applied to fiicb Inllriiir.ents, being differ^ 
ent according to their diffeient fhapes, and the various 
ufes for which they have been contrived, 

6. The Screw, is a kind of perpetual or endlcfs In- 
clined Plane ; the pow'er of which is Hill farther affifted 
by the addition of a handle or lever, where the power 
a^ls ; fo that the gain in pow^r, is in the proportion 
of the circumference deferibed or palled through by 
the power, to the dillance between tin ead and thread 
in the ferew. 

The ufes to which the ferew is applied, are various ; 
as, the prefling of bodies clofe together ; fucli as the 
prefs for napkins, for bookbinders, for packers, hot- 
preflers, &c. 

In the ferew, and the wedge, the power has to over- 
come both the weight, and alfo a very great fridion 
in thofe machines ; fuch indeed as amounts fometimes 
to as much as the weight to be railed, or more. But 
then this fridion is of ufe in retaining the weight and 
machinc-in its place, even after the power is taken off. 

If machines or engines could be made without 
fridion, the leaft degree of power added to that whicli 
balances the weight, w^ould be fufficient to raife it. 

In the lever, the fridion is little or nothing ; in the 
wheel and axle, it is but fmall ; in pulleys, it is very 
confiderable ; and in the inclined plane, wedge, and 
ferew, it is very great. 

It is a general property in all the Mechanic powers, 
that when the weight and power are regulated fo as to 
balance each other, in every one of thefe machines, if 
they be then put in motion, the power and weight 
will be to each other reciprocally as the velocities of 
their motion, or the power is to the weight as the ve- 
locity of the weight is to the velocity of the power ; 
fo that their two momenta are equal, viz, the produd 
of the pow’cr multiplied by its velocity, equal to the 
produd of the weight multiplied by its velocity. 
And hence too, univerfally, what is gained in power, 
is loft in time ; for the weight moves as much flower 
as the power is fmaller. 

Hence alfo it is plain, that the force of the power 
is not at all increafed by engines j only the velocity of 
the weight, either in lifting or drawing, is fo diminimed 
by the application of the inftrument, as that the mo- 
mentum 01 the weight is not greater than the force 
of the power. Thus, for inftance, if any force can 
raife a pound weiglit with a given velocity, it is im- ' 
poffible by any engine to raife 2 pound weight with the 
fame velocity : but by an engine it may be made to 
raife 2 pound weight with half the velocity, or even 
1000 times the weight with the loooth part of the 
velocity. 
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See Maclaurin^i Account of Newton’s Philof. 
Difeov. book 2, chap. 3 5 Hamilton’s Philof. Eff, i ; 
philof. Tranf, 53, pa. 116; or Landen’i Memoirs, 
vol. T, pa, I. ' 

MECHANISM, either the conftru^lion or the 
machinery employed in any thing ; as tlic Mechanifm 
of the barometer, of the microfeope, See. 

MEDIUM, the fame as mean, either arithmetical, 
geometrical, or harmonical. 

Medium denotes alfo that fpace, or region, or 
fluid, See, through which a body pafles in its motion 
towards any point. Thus, the air, or atmofphere, is 
the medium in which birds and bca/ls live and move, 
and in which a projcdiiJe moves ; water is the medium 
in which Hlhcs move } and aether is a fuppofed fubtilc 
Medium in which the planets move. Glala is alfo called 
a Medium, being that through which the rays of light 
move and pafs. 

Mediums refill the motion of bodies moving through 
them, in proportion to their denfity or fpecific gra- 

Subtile or ^theriai Medium, is an univerfal.onc whofe 
cxiftence is by Newton rendered probable. He makes 
it iiniverfal ; and vaftly more rare, fubtile, claftic, and 
a6live than air ; and by that means freely permeating 
the pores and intcrftices of all other Mediums, and 
/diffuling itfelf through the whole creation. By the 
intei-vention of this fubtile Medium he thinks it is 
that moft of the great phenomena of nature are effec- 
ted. Sec JEther. 

This Medium it would feem he has recoiirfe to, 
as the firft and moft remote phyfical fpring, and the 
ultimate of all natural caufes. By the vibrations of 
this Medium, he fuppofes that heat is propagated from 
lucid bodies ; as alio the intenfenefs of heat incrcafed 
and prefer ved in hot bodies, and from tliein commu- 
nicated to cold ones. 

By this Medium, he fuppofes that light is reflefteef, 
inflcdlcd, refradled, and put alternately into fits of 
eafy rcfledlion and tranfmilTion j which effeds he alfo 
clfevvheie aferibes to the power of attravftiou; fo that 
it would feem, this Medium is the fourcc and caufc 
even of attraftion itfelf. 

Again, this Medium being much rarer within the 
heavenl) bodies, than in the heavenly fpaces, and grow- 
ing denfer as it recedes farther from them, he fup- 
pofes this is the caufe of the gravitation of thefe 
bodies tow’arda each other, and of the parts towards 
the bodies. 

Again, from the vibrations of this fame Medium, 
excited in the bottom of the eye by the rays of light, 
and thence propagated through the capillaments of 
the optic nerves into the fenforium, he fuppofes tliat 
vlfion is performed : and fo likewife heanng, from the 
vibrations of this or fome other Medium, excited in 
the auditory nerves by the tremors of the air, and pro- 
pagated through the capillaments of thofe ner\c8 into 
the fenforium : and lb of the other fenfes. 

And again, he conceives that mufcular motion is 
performed by the vibrations of the fame Medium, ex- 
cited in the brain at the command of the will, and 
tlicnce propagated through the capillaments of the 
Berves into the mufclca ; and thus contraAing and 
dilating them.. 


The claftic force of this Medium, he (hews, muft 
be prodigioufly great. Light moves at the rate of 
confiderably more than 10 millions of miles in a mi- 
nute ; yet the vibrations and pulfations of this Me* 
dium, to*caufe the fits of eafy refledion and tranf- 
milHon, muft be fwifter than light, which is yet 7 
hundred thoufand times fwifter than found. The 
claftic force of this Medium, therefore, in proportion 
to its denfity, muft be above .j 90000 million of times 
greater than the claftic force of the air, in pi-oportion 
to its denfity j tlie velocities and pulfcs of the elaftic 
Mediums being in a fubduplicate ratio of the elafticu 
ties, and the rarities of the Mediums, taken together#. 
And thus may it be conceived that the vibration of 
this Medium is the caufe alfo of the clafticity of bo- 
dies. 

Farther, the particles of this Medium bemg fuppofed 
indefinitely fmall, even fmallcr than thofe of liglit ; if 
they be likewife fuppofed, like our air, endued with a 
repelling power, by which they recede from each other, 
the fniallnefs of the particles may exceedingly contii- 
butc to the increafe of the* repelling power, and con- 
fcquently to that of the elafticity and rarity of the 
Medium ; by that means fitting it for the free tranf- 
miilion of light, and the free motions of the heavenly 
bodies. In this Mjedium may the planets and comets 
roll without any confiderable rcfiftance. If it be 
700,000 times more elaftic, and as many limes rarer, 
than air, its refiftance will be above 600 million times 
Icfs than that of water ; a refiftance that would caufc 
no fenfible alteration in the motion of the planets in 
ten thoufand years. 

MEGAMETER. Sec Micrometer. 

MEIBOMIUS (Marcus), a very learned perfoa 
of the lyth century, of a family in Germany which 
had long been famous for learned men. He devoted 
himfelf to literature and criticirm, but particularly to 
the learning of the Ancients ; as their muiic, the llruc- 
tuie of their galleys, &c. In 1652 he publifiicd a col- 
leftion of feven Greek authors, who had written upon 
Ancient Mufic, to which lie added a Latin verfion by 
himfelf. This work he dedicated to queen Chrillina 
of Sweden ; in confcqucnce of which fie received an 
invitation to that Priiicefs’s court, like feveral other 
learned men, which he accepted. The queen engaged 
liim one day to ling an air of ancient mufic, while a 
perfon danced the Greek dances to the found of his 
voice ; and the immoderate mirth which this occafioned. 
in -the fpedators, fo covered him with ndiculc, and 
difgufted him fo vehemently, that he abruptly left the 
court of Sw'cden immediately, after heartily battering 
with his fids the face of Bourdelot, the favourite 
hyfician and buffun to the queen, who had perfuaded, 
cr to exhibit that fpcdtaclc. 

Mcibomius pretended tliat the Hebrew copy of the 
Bible was full of errors, and undertook to corre^: 
them by means of a metre, which he fancied lie had 
difeovered in thofe ancient w'ntings \ but this it feems. 
drew upon him no fmall raillery from the Learned. 
Nevcrthclefs* bcfides the work above mentioned, he 
produced feveral others, which Ihcwcd him to be a 
good fcholar j witnefs his Notes upon Diogenes. Laer- 
tius in Menage’s edition ; his JLiber de Fahrica 
Triremium, 1671,111 which bethinks he difeovered the 

6 methodi 
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rtrtliod in wKicK the Antiefltt difpofwt tUch- bancs of 
; his edition of the Ancient Greek IVlythologitts ; 
»nd hip Dialo^l^ucs on ProportioD», ,a curious work, m, 
which the interlocutors, or perfons reprefented as 
leaking, arc Euclid, Archimedes, Apollonks, Pap- 
pus, Eutocius, Theo, and Hcimotimus. This lalt 
work was oppolcd by I-Angius, and by Dr. Walhs, in 
a con fiderablc Tra6t, printed in the firil volume of hw 

works, r vn- 

MELODY, is the agreeable effect of diuercnt mu- 
fical founds, langcd or dlfpofed In *a proper' fuc- 
cdTion, bring the effca only ' of one linglc part, voice, 
or inftrument ; by which it is diilinguiftied from har- 
mony, which properly refults from the union of two 
or more mufical toumla heard together. 

MENISCUS, a lens or glafs, convex on one tide, 
and concave on the other. Sometimes alfo called a 
Lime or Lunula. See its figure under the article 

^^To/litd)he Fociii of a Mtnifeus, the rule is, as the 
difference between the diameters of the convexity and 
concavity, it to either of Uiem, fo is the other diame- 
ter, to the focal length, or diftance of the focus from 
the Mcnifens. So that, having given the diameter ot 
the convexity, it is eafy to find that of the concavity, 
fo as to remove the focus to any propofed diltancc 
fiom the Menifeus. For, if D and dbe the dianietcrs 
of the two fides, and / the focal dilkance i then fince, 
by the riile H d \ 'H ‘.i (j '• ft 
therefore d-. D •• f~ f •/' 

: 1/ 1 D. 

Hence, ifD the iKameterof the concavity bedouUe 
to d that of the convexity, / will be equal to D, 
an the focal diftance equal to the diameter; and 
therefore the Monifeue will be equivalent to a piano- 

convex Iona. . #.1 

Again, if D = idt or the diamfter of the concavUy 
triple to that of the convexitv, then >)vill / «= jD, 
or thtfocal dlffancc equal to the radius of concavity ; 
and therefore the Menifeus will be equivalent to a 
lens equally convex on either fide. 

But if D = then w ill /= ^D ; and therefore 
the Menifeus wUk be equivalent to a fphere. 

^ Laftlv, if D wJ </, then wiU/be infimte ; and there- 
• fore a ra'y falling parallel to the axis, will ftiU continue 
pai-allel to it after refraaion. 

menstruum, Solvent, or Dissolvent, any 
fiidd that wiU diffohe hard bodies, or feparaU their 
oarts Sir Ifaac Newton accounta for the aetioaot 
' kendruiims from the acids with which they me im- 
tireipiatcd ; the particles of acids being endued with 
a ftwng attraftive force, in which their 

fifts, and by virtue of which they diffolve bodies. _ By 
this attraaion they gather toffelher abo^ the P»rticlea 
of bodies, whether metallic, ilony, or the bke, and ad- 
here very clofely to them, fo as Voarw to U fepajj^ed 
from thm by ditt'iUation, or fubbmation. Thus 
ftrOntly attrafling, and mthering together m all 
fides, they wife, disjoin, andftiake afunder the particles 
of^diei i. e. they diffedve tjiem ; and by ^ at- 
liaOive P«wCT with which they tufli ^inft the pm- 
dries of Sie bodies, they move Ae fluid, and fo exate 
heat, ftiakhig feme of the particles tqthat dewe, as 
to convert them into air, and fo gedemtmg bubbles. 


Dr. Kcill gii^ thooiy foundation of 
the aaion of * in icvcral popofitious^ 

See Attraction., from^tkofe propofinons arc peN 
ccived the rcafons of the di&rent .cffcds of Affer- 
ent Menllruums ^ why fcime bodies^ as^ metals, diffolve 
in a faline Meuftruum ; others again, as rcfina, in a, 
fulphureoua one j &C ; particularly why filver dlffolvea 
in aqua foi tis, and gold only ia aqua i^s 5 all the 
varieties of which are accountable for, frpm the dif- 
ferent degrees of cohefion, or attra£hoii in the parts erf* 
the body to be diffolvcd, the different diameters and 
figures of its pores, the different degrees of attra£lion 
ill the Menilrunm, and the different diameters and. 
figures of its parts. 

MENSURABILITY, the fitnefs of a body for 
being applied, or confoi*mable to a certain- meafure. 

MEN^^URATION, the ad, or art, qf meafuring 
figured cxtcnfion aucl bodies ; or of finding the di- 
mcnfions, and contents of bodies, both fupcrficial and 
folid. 

Every different fpccies of Menfuration is eftimated 
and meafui'ed by others of the fame kind ; fo, the 
(bird contents of bodies are mcafured by cubes, as cubic 
inches, or cubic feet, &c ; furfaces by fquares, as 
fquare inches, feet, 8cc } and lengths or dillances by 
other lines, as inches, feet, &c. 

The contents of rectilinear figures, whether plane;,, 
or folid, can be accurately detntnined, or expreffed ; 
but of many curved ones, not. So the quadrature of 
the circle, and cubature of the fphere, are problemf 
that have never yet been accurately folved. See the 
various kinds of Menfuration, as well as that of the dif- 
ferent figures, junder their refpe£tive terms. ^ 

The firft writers On Geometr^ were chiefly writers 
on Menfuration ; as Euclid, Archimedes, &c. See 
Quadrature ; alfo the Preface to my Mcnfui-ation, 
for the moft ample information. 

MERCATOR (Gerard), an eminent geographer 
and mathematician, was born in 1512, at Kuremonde 
in the .Low Countries. He applied liimfdf with fuch 
induffry to the fciences of geography and mathema- 
tics, that it has been faid he often forgot to eat and 
ileep. The emperor Charles the 5th encouraged him 
much in his labours; and the duke of Juliers made 
him his cofeographet. He compofed and publifhed 
a Chronology ; a larger and fmaller Atlas ; and feme 
Geographical Tables ; befidc other books in Philofo- 
phy and Divinity. He was ^Ifo fo curious, as well as 
ingenious, that he engraved and coloured his maps him- 
fc&. He made various maps, fflobes; and other mathe. 
matical infttuments for the ufe of the emperor ; and 
gave the ir.oft ample proofs of his uncommon fkill in 
what he profcflbd. His method of laying tifown charts 
is flJll ufcd^which bear the name of iferrofor'* Chnfts i 
alfo a part of navigation 1^ from him called Mttcattr^s 
He died it DiiKbdtjtg in 1594, at 82 years of 
MiRCA'roR^s below. 

MbrcatoA (WtehoUt)^ an eminent mathemati- 
cian and aftronqmcr, whofe name In High-Dutch was 
was born, about the year 1640, at HoMcin 
in Dcdmark. From his works We learn, that kc had 
* an early Vaqd liberal education, fuItaWe to bis diftln- 
ffuilhed genius, by whichhe was mbliW t6 ettendhis 
^ ® ' tefeardres 
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▼erjr coiKldenibk Jmprotfmtnb i for it appears from 
his writings, as well as ffom the charaftcr given of 
him by other mat^tnaticla^f, that his talent rather 
lay !n improving, and adaptl^ difcoverics and kn- 
piov^ments to ukj^ than invention. .However, his genius 
tor the mathematical fcienec« was very confnicuous, 
and introdnccd him to public' rfegard and eltcem in 
his pWn edttutry, and facilitated a correfpondence with 
fibh as yftre eminent in ihofc fciences, in Denmark, 
Italy, 'aPd England. In cohfcquencc, fome ofhis cor- 
ref^Oflilents gave' him an invitation to this country, 
which be fome time after accepted, and he afterw ards 
continued in England tin his death. He had not 
been lou^ here before he was admitted R, S. and 
gave frequent proofs of lii$r clofe application to iludy, 
as well as of his eminent abilities in improvitig fonic 
branch or other of the fciences. But he is charged 
fomctimcft with bon-owing the inventions of otliers, 
and adopting them as his own. And it appeared upon 
feme occafions that he W'as not of an over liberal miud 
in fcientjfic commuiiications. Thus, it had fome time 
before him beep obferved, that there w as an analogy 
between a fcale of logarithmic tangents and Wiighi’a 
protradlion of the nautical meridian One, wliich confiUed 
of the fums of the fecants ; though it does not appear by 
w'hom this analogy was firft difcovcred. It appears 
however to Imve been firft publiflied, and introduced 
iiito the pra£b'ce of navigation, by Henry Bond, who 
mentions this propeity in an edition of Norwood's 
Epitome of Navigation, printed about 1645’ ; 
again treats of it more fully in an edition of Gunter's 
Works, printed in 1653, where he teadies, from this 
property, to rcfolye all the cafes of Mercator's Sailing 
l>y the logarithmic tangents, independent of the table 
of meridional parts. This analogy had only been 
found to be nearly true by trials, but pot demonllratcd 
to be a mathematical property. Such demonftration 
feems to have been firft difcovcred by Mci^ator, who, 
defiroiis of making the moft advantage of this and 
another concealed invention of his in navigation, by ^ 
paper in the Philofophical TranfaAions tor June 4, 

1 invites the public to enter into a w^ager with 
him on his ability to prove the truth pr falfehood of 
the fuppofed analogy. This mercenary propofal .it 
feems was not taken up by any one, and Mercator 
rofeived his demonftration^ Our author how'cvcr 
diftinguilhed himfcif by many valuable pieces on phi- 
lofophical and mathematical fubJe£U His firft attempt 
-i/Hfi, to reduce Aftrology to rational principles, 
w'liich proved a vaip attempt. But his writings of 
more particular note, are as follow ; 

1. Crfmograthia^Jhjf Df/mftio Cali ^ Terra tn Cir- 

cnlas^ junaamenttim JleritUer fequentihtu ordine Trtgo- 

nmetna $^ricor)iU Ldgarithmica, Cjfr, a I^i’colaa Haujf^ 
fftttti H^JafP s pinted ift Danfiick, 16^1, lamo. 

2. Rnfkmfs mufhtnuj^ua fithduQi anno 1643 j Copen- 
hagen, in 4t0. . . , 

3. De /imtndaiione annua Dhttrtha dua^ qtiiiue ex- 
fontmiur ^ demoi^rantur Cycti Sedh Luna, 

m 4to, 

^i’onomka nova, et Cp»fef\fus ejus cum 
Ohfervatiombuc j jumd. 166/^ in foito. 

Vou IL 
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i. LtgarUiimttchma, Jivt Methwhu CmJnuxJi 
garitbinos nova, aecurata, et faeid'u $ fmfio MUttheti 
comfnwtlcata anno Je* 1667 noms AugitAi f (ui nunf.ac* 
credit, Vrra ^aS^aiura Hyperbola, c? Invent to fumma 
Logarithmonim* yfu^ore mcobao Mercafotr }lo(/ato 
- etiem jimgftur Miebaeds iittgeit 

Rmi Sxercitatio Gcotnetrica de Maximis ei JHinimU, 
Me oh argummti prajlantiam exempkrium rtmiattm 
recupi : LoncL i668, in -^fo. 

& InjTUutkntmi jijlronomlcat:m Ithrl duo, de Motu 
Jl/trontm (otnmim b* prapno, fecuudum hypothefn vete- 
rum ^ recefttiorum praelpuas f dc^C H^dj^on obr 
Jervatu cott^ruSItone, cum tabndt Tyrhontanu, Solarihus, 
LunanLut, Lnna-fdanhus^ ^ Rudmphinit Sous, F'txarunt 

quiuque Errantlum, eammque uju praceptts et extmplU 
commonjlmfc. ^itms aecedtf Appendis; de its, qua w- 
vjjfmls temj^rihus cslitus innolmrtmt \ Lend. 167O1 8vgi, 

7. Euclidis Efemenia Gio'mrtrlia, novo orditt^ ac me- 
thodoferc, dmoiiflrata, Vna^ cum Nic* Mercatorh in 
Cecmetruim htr^udivne hrevt/qua Ma^nitudinum Orfus 
ex gemuhis Prhtdpns, OtiaruM AJfediortes ex ipfa Geneje 
denpiwtvt\ Loud. 1678; 12 mo. 

His papers in the Pliijofophical Traiifiadtibns, are, 

1 . A Problem on fome Points in Navigation j vol. 1, 
pa. 215. 

2. llluftrations of ibe togarithmo-techoia ; vol. 3, 
pa.75^. • 

3. Confiderationa^ concerning bis Geometrical and 
Dirc6t Method for finding the Apogees, Excentric»tie% 
and Anomalies of the Plauets: vol. 5, pa*,ii6d. 

h'^ercator died in 1504, about 54 years, of age. 

MERCATOR'S Clart, or Rrdedivn, is a prokAioa 
of the furfacc of the earth in piajio, fo csuled from 
Gerrard Mercator, a Flcmilh Geographer, who 
publilbed maps of this fort in the ycOr ithoogb 
It was Pldvvard Wright wbo firft gave tne true prin- 
ciples of fuch charts, with-thcii" application to Navi- 
•gation, in 1 599, 

In this chart or projedion, the meridians, parallels, 
and rhumbs, arc all ftraight lines, the degrees of lon- 
gitude being cveiy where increafed fo as to be cqoal 
to one another, and having the degrees of latitude alfo 
increafed in the fame proportion ; namely, at every 
latitude or point on the globe, the degrees of latitude, 
and of longitude, or tjie parallels, arc increafed in the 
propoition of radius to tlie fine of the polar diftance, 
or cofinc of thc latitude ; or, which is the fame thing, 
in the proportion of the fecant of the latitude to ra- 
dius ; a proportion which has the effed of making all 
the parallel circles be reprefented by parallel and cmi^ 
right lines, ^nd all, the meridians by parallel lines fdfo, 
but increafing infinitely towards the poles. 

From this proportion of the iucrcafc of the degrees 
of the meridian, viz, that they increafe ns the fccaut of 
the latitude, it is verv evident that the length of an 
arch of the meridian, oeginning at the equator, is pro, 
portional to % fum, of afi ihc ftcants ot the latitude, 

I. c. that the iticre^feci meridian, is fo the true arch of it, 
as the fum of alj tbdfc fecants, to as many times the 
*^<l*U*; But it is not lb evident that the fame increafed . 
meridian is alfo analogous to a fcnlc of the logarUhmiq 
tangents, which however it is. “ It docs not appear 
by whorfi, nor by wliat accident, wiii difeovere/^the 
^ analogy 
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afir;jIogy Ijetwccn a fcalc of lo^antlimic .tangents and 
WHj^t^SpJotryc^i’on uftlic nautical meridian line, which 

ronmkd of the fiiiris of the fecaiits. It appears 
hoivever to have been /Ir/l puhlilhed, and introduced 
'into the pjacl/cv of nav/(,^ation, by Mr. Hcnty Bond, 
who rnentiona thta property in an edition of Norwood s 
Epitome of Navigation, printed about 164? ; and he 
again treat/; of it more fully in an edition or Cuntcr|s 
Works, printed in wdiere he teaches, from this 

property, to refolve all ilic cafes of Mercator’s Sailing 
by the logarithmic tangents, independent of the tabic 
of meridional paits. This analogy had (>nly been found 
however to be nearly true by trials, hut not dcrnoiiR rated 
to be a mathematical property. Such demonftration, it 
feems, waa full difeovered by Mr. Nicholas Mercator, 
which he oflered a wager to difclnfc, but this not 
being accepted; Mercator referved hij deinonflration ; 
as mentioned in th'e account of hia life in the forc- 
g<<iiig' pnge. The propofal however excited the 
attention of mathematicians to the fubjef^, and demon- 
ftrations were not long wanting. The litft waa pub- 
lifltcd about two years after, by James Gregory, in 
his Exercltationcs GeomctiicK ; from hence, and other 
fimilar properties there demonftrated, he Hiews how the 
tables of logarithmic tangents and fecants may cafily 
be computed from the natural tangents and fecants. 

' ** The fame analogy between the logarithmic tan- 

gents and the meridian line, as alfo other fimilar pro- 
perties, were afterwards more elegantly demonliratcd 
by Dr, Halley, in the Phllof. Traiif. for Feb. 1696, 
and various methods given for computing the fame, by 
examining the nature of the fpii-als into which the 
'ihumbs arc transformed in the ftcieographic proje^lion 
of the fphcrc on the plane of the equator ; thcdodiinc 
of which >vas rendered ftill more eafy and elegant bv 
the ingenious Mr. Cotes, in his Logometria, firft 
printed in the Philof. Tranf. foi*'i7i4, and afterwards 
in the colledlon of his works publiihed 17^2, by bis 
roulin Dr. Robert Smith, who fuccceded him as Plu- 
rnian profelfor of philofophy in the Univevfity of 
Cambridge.** 

The learned Dr. Tfaap Barrow' alfo, in his Lcfliones 
Goometric;t, Lcf\, xi. Append, firll publilhed in 1672, 
dcllvcis a fimilar property, namely, ** that the fum of 
all thc' fecants of any arc,, is analogous to the loganthm 
of the ratio of r 4- j to r — x, viz, radius plus fine 
to ladius minus fine ; or, w'hich is thc fame thing, that 
thc mendional parts anfw’ering to any degree of lati- 
tude, arc as the logarithms of thc ratios of the verfed 
f.nes of the diilanccs from the two poles.” Preface to 
»iy Logarithms, pa. 100. 

Thc mei*idian line in Mcrc«tor*8 Chart, is a fcalc 
of logar ithmic tangents of thc half colatitudes. Thc 
differences of longitude on any rhumb, are thc loga- 
rithms of iIk: fame tangents, but of a different fpecics ; 
thofe fpecies being to each other, as thc tangents of 
the angles made with the meridian. Hence any fcalc 
of logarithmic tangents is a table of <hc differences 
of longitude, to feveral latitudes, upon fome one de- 
ferminate rhumb ; and therefore, as the tangent of 
the angle of fuch a rhumb, is to the tangent of 
any other rhumb, fo is thc difference of thc logarithms 
of any two tangents, to thc difference of longitude 


on the propofed rhumb, intercepted between the two 
latitudes', of w^hofe half complements the logarithmic 
tangents were taken. 

It was thc great lludy of our predeceflbrs to con- 
trive iiich a chart in piano, with ffraight lines, on 
which all, or any parts of the world, might be truly 
fet down, according to their longitudes arid latitudes, 
bearings and dilbnces. A method for this purpofc 
was hinted by Ptolomy, near 2000 years fince ; and a 
gcneial map, on fuch an idea, was made by Mercatc^; 
but thc principles were not demonilrated, and k ready 
w'ay ihewn of deferibing the chart, till Wright ex- 
plained how to enlarge the meridian line by the con- 
tinual addition of fecants ; fo that all degrees of 
longitude might be proportional to thofe of latitude, 
as on thc globe : which renders this chart, in feveral 
rcfpctls, far more convenient for the navigatoi's ufe, 
than thc globe itfelf ; and which will truly (hew thc 
courfe and dilluncc from place to place, in all cafes of 
failing. 

Mercator’s Sailing, or more properly Wri^hC^ 
Sailing, is the method of computing the cafes of failing 
on the principles of Mercatoi’s cliait, which princi- 
ples were laid down by Edward Wright in thc begins 
ning of the lail century ; or the art of finding on a 
plane the motion of a fhip upon any afligned courfe, 
that (hall be true as well in longitude and latitude, as 
dillance ; the intpidians being all parallel, and the pa- 
rallels of latitude flraight lines. 

In the right-angled triangle 
hhe, let be the true differ- 
ence of latitude between two 
places, the angle hh.c the angle 
of the courfe failed, and Ac 
the true dillance failed ; tlu;n 
will he be what is called the 
departure, as in plane failing : 
produce A^ till AB be equal 
to thc meridional difference of 
latitude, and draw BC parallel 
to he ; fo fhall BC be the dif- 
ference of longitude. 

Now from the fimilarity of 
the two triangles Khc, ABC, 
when three of the paita arc given, the reft may be 
found ; as in the following analogies : As 
Radius ; fin, courfe : ; di^ancc : departure ; 

Radius : cos. courfe : ; diftance : dif. lat. •, 

Radius : tan. courfe ; : merid. dif. lat i dif. longitude. 

And by means of thefe analogiea may all the cafes of 
Mercator’s Sailing be rcfolvcd. 

MERCURY, the fmalltft of the infenor planets, 
and thc neaicff to thc fun, about which it is carried 
with a very rapid motion. Hence it was, that the 
Greeks called this planet after thc name of the nimble 
meffengerof the Gods, and reprefented it by the fi- 
gure of a youth with wiiigs at his head and feet ; from 
whence is derived § , the character in prefent ufe for 
this planet. 

The mean diftance of Mercury from the fun, is to 
that of the earth from the fun, as 387 to 1000, and 
therefore his diftance is about 36 millions of miles, or 
little more than one-third of the earth’s diftance from 

the 
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tKc fun. Hence the fun^s diameter will appear at 
Mercury, near 3 times as large as at the cartn ; and 
hence alfo the lim^s light and heat received there is 
about 7 times thofe at the earth ; a degree of heat fuf- 
ficient to make water boil. Such a degree pf heat 
therefore mail render Mercury not habitable to crea- 
tures of our conftitution : and jf bodies on its furfacc 
be not inflamed, and fet on fire, it mull be becaiife their 
degree of deniity is proportionably greater than that of 
fiTch bodies is with us. 

'riie diameter of Mercury is alfo nearly one-third 
of the diumeter of the earth, or about 2600 miles. 
Hence the furfacc* of Mercury is nearly i-9th, 
and his magnitude or bulk I -27th of that of the 
cartli. 

The inclination of his orbit to the plane of the 
cel'ptic, is 6° 54' ; his period of revolution round the 
fun, Sydays zyjiours ; his greateft elongation from 
the fun ; the excentricjty of his orbit y of his 
meaii dilhnee, wliichia far greater than that of any of 
tlic other planets ; and he moves in his orbit about the 
fun at the ama7/‘ng rate of 95000 miles an hour. 

The place of his aphelion is 23° 8' ; place of- af- 
rending node y 14° 43', and coiifequently that of the 
dtfeending node 14° 43'. 

HivS Length of day, or rotation on his axis. Inclina- 
tion of axis to his orbit. Gravity on his furfacc, Den- 
fity, and (Quantity of miattcr, are all unknown. 

Mercury changes his phafes, like the moon, accord- 
ing to his vaiious pofitions with regard to the earth and 
fun ; except only, that he never appears quite full, bc- 
caufc his enlightened fide ie never turned dlre^lly to- 
wards us, unlefswhcn hois fo near the fun as to be loft 
to cur fight in his beams. And as his enlightened fide 
is always towards the fun, it is plain that he (bines not 
by any light of It is own ; for if he did, he would con- 
ftaiilly appear round. 

The bcil ohfervations of this plRnct are thofe made 
when it is feen on the fun’s dife, called its tranfit ; for 
iu its lower conjun£lion, it fometimea pafles before the 
fun like a little fpot, eclipfing a fmall part of the fun’s 
body, only obfervablc wn'th a telefcope. That node 
from wliich Mert’ury afeends northw’ard above the 
ecliptic, is in the 15th degree of Taurus, and the op- 
pofitc in the 15th degree of Scorpio. The earth is m 
thofe parts on the 6tn of November, and 4th of May, 
new ftyle ; and when Mercury comes to either of his 
nodes at his^ inferior conjun^ion tibout thefe times, he 
will appear in this manner to pafs over the dife of the 
fiin. But in all other paits of his his conjunc- 

tions arc invifible, becaufe he goes cither above or be- 
low the fun. The firft obfervation of this kind was 
made by Guffendi, in November 1631. Several fol- 
lowing obfervatioUs of the like tranfits' arc colle6led in 
Du Hamel's Hitt, of the Royal Acad, of Sciences, 
pa. 470, cd. 2, And Mr. Whifton “has given a lift of 
fcveral periods at which Mercury may be feen on the 
fun’s difc, viz, in 1782, Nov. 12, at 3h 44m after- 
noon ; in 178^ May 4th, at 6h 57m in the forenoon ; 
in 1789, Da-. 6th, at 3h yym afternoon j and in 1799, 
May 7th, at ah 34m afttmoon. There are alfo fcvc- 
intermediate tnuiftta, but none of them vifiblc at 
London. See Dr. Halley’s account of the Tranfits of 
hlcnpury and Venus, in the Philcf. Tranf. n®. J93. 


^ MERIDIAN, in Aftronomy, a great circle of 
the ccleftial fphere, palling through the poles of the 
world, and both the zenith and nadir, crofflri^- the 
cqiiino6lial at right angles, and dividing the Tphcrc 
-into two equal parts, or hemifphercs, the one taftern, 
and the other weftern. Or, the Meridian is a vertical 
circle pafling through the poles of the w^orld. 

It is called Meridian, from the Latin mid- 

day or noon, bccaufc wlicn the fun comer, to the fouth 
part of this circle, it is noon to all thofe plaocs fituated 
under it. 

Meridiam, in Geography, is a great circle paflTing 
through the poles of the earth, and any given pbei 
whofe Meridian it is ; and it lies exa£lly under, or in ' 
th^lane of, the ccleftial Meridian. 

Thefe Meridians arc various, and change according 
to the longitude of places ; fo that their number may 
be faid to be infinite, for tjiiit all places from eaft to weft 
have their fcveral Meridians. Farther, as the Meridian 
invefts the wdiole earth, there are many places fituated 
under the fame Meridian. Alfo, as it is noon when-< 
ever the centre of the fun is in the ccleftial Meridian ; 
and as the Meridian of the earth is in the plane of thC 
former ; it follows, that it is noon at the fame* time, in 
all places fituated under the fame Meridian. 

Firjl Meridjan, is that from which the reft are 
counted, reckoning both Caft and weft ; and is the 
‘beginning of longitude. ^ 

The fixing of the Firft Meridian is a matter meitly 
arbitrary ; and hence different perfons, nations, amt 
ages, have fixed it differently : from which circniu- 
ftance fome confufion has arifen in geography. The 
rule among the Ancients was, to make it pafr> through 
the place faitheft to the weft that w^as known. But the 
Moderns knowing that there is no fuch place on the 
earth as can be eftt^naed the mod w-eftcrly, the way -of 
computing the longitudes of places from one fixed 
point is much laid altde. 

Ptolamy alfumed the Meridian that palTes through 
the farthvft of the Canary Iflands,'as his lirll M<‘ri(liim; 
that being tlie moft weltcrn place of tlie world then 
known. After him, as more countries were difeo- 
vered in that quarter, the Firft Meridian was remov 
farther off. The Arabian geographers chofe to 
the Firft Meridian upon the ntmoft ftore of the sveftern 
ocean. Some fixed it to the illand of St. Nicliolafi' 
near the Cape Verd ; Hondius to the ifle of St. 
James ; othci-s to the ifland of' Del Coivo, one of the 
Azores ; betaufe on that ifland the magnetic needle 
at that time pointed dh-c6l!y north, without any va- 
riation ; and it was not then known that the varia- 
tion of the needle is itfclf fubjeift to variation. The' 
latctt geographers, particularly the Dutch, have pitch- 
ed on the ftke of I’cnerilFc ; others on the Ifle of 
Palm, another of the, Canaries ; and laftly, the French, 
by order of the king, on the Hland of Fero, another 
of the Canaries. . 

But, without nitihh regard to any of thefe hiW/ 
geographers and map-mnku*8 often aljume the Meridian 
of the place where they live, or the' capital of their 
couirtf)’, or its chief obftrvatory, for a Firft Meridiaq 
and from thence reclfon’ the longitudes cif places, l^itft 
aftdweft. 

Aftronomers, in their calculations, ufually chof/cr 
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iht of the place vhoe their ohCemtibfii are 

mdCf foir tJieur Firft Mcn^kui ; aa Piolomy at Alcx- 
Riidrifti Tycho Brsthe at Uraoihourg; HiccioU at 
Bologna; Flamftecd the Royal Obl^vatory at 
Orccowich ; and the Fn-nch at the Obfervatory at 
Purism 

There la a fi^geftion in the PhiTpf. Tranf. that the 
Iticridiana vary in time* And itha$ beeafakl that this 
is rendered probable, from the old Meridian line in the 
church of St. Petroaio at Bologna, which is faid to 
vary no lefs than 8 degrees from the true Meridian of 
the place at this time ; and from the Meridian of Ty- 
cho at Uraiubouvg, wliich M. Picart obfeivcs, varies 
i8 minutes from the modern Meridian. If there be any 
thing of truth in this hint, Dr. Wallis fays, the alte- 
ttation mull arife from a change of the tcrrelli ial poles 

i here on earth, of the earth’s diuiiwtl motion), not of 
lieir pointing to this or that of the fixed ftars : for if 
tjjc poles of the diurnal motion remain fixed to the 
fame place on tlie earth, the Meridians, which pufa 
through thefe poles, muft remain tlie fame. 

But the notion of the changes of the Mcndian feems 
overthrown by an obfervation of M. Chaxellcs, of the 
French Academy of Sciences, who, when in Fgypt, 
found that the four fidca of a pyramid, built 3000 years 
1^, ftill looked very exactly to the four cardinal points. 
A pofition wliich CtUUJot be confidcred as merely for- 
tuitous. ^ ^ • 

Mrridian of a C ! oh % or Sphere, ^ is the brazen cir- 
cle, in whicl) the globe hangs and turns. 

It is divided into four 90*8, or 560 degrees, begin- 
ning at the equinottialt on it, each way, from the 
fquino£iial, on the celehial globes, is counted the 
north and fouth declination of Uic fun, moon, or hays ; 
and on. the. terredrial globe, the latitude of places, 
north and fouth. There arc two points on, tliia circle 
qallcd the poles j and adiaraetei', continued fitnn thcocc 
through the centre of cither globe, is called the axis of 
the earth, or ^heavens, on ^ich it is fuppofed they 
turn round* 

On the tcrrcllnal globes there are ufually drawn 36 
Meridians, oqe through every loth degree of the equa- 
tor, or tiirough eVery 10th degree of longitude. 

The ufes 01 this circle arc, to fet the globes in any 
particular latitude, to ihtw the fun’s or a liar’s decli- 
nation^ right afceiirion, greatcll altitude, &c. 

Meridian Line^ an arch, or pait, of the Meridian 
of the place, terminated each way by the horizon. Oi> 
a Meridian line is tlic iutcrfc^ioii of the plane of tlie 
Mcridiau of the place with the plane of the horizon, 
often called a nprth-and'fouth line, becaufe its dt- 
xedion is from notth to Cbuth* 

The Meridian Kne is of raolt clTential ufein aUrpno- 
ipy,. Wography, dialling, 5 tc ; nnd the grentcll pains 
RFC tRRen by alnxmom^ to fix it at Utcir obfervatories 
to the utmofi predfion. M. Cafiiui has difiinguiibed 
himfelfby a Meridian line drawn on the pavement of 
the church of St. Petronioi, at Bolo^a ; being ex- 
tended to 120 feet in length. la the roof of this 
church, 1000 inches above the pavement, is a fmall 
hole, through which tlie fun’s image, when in the 
iptridian, fmliag upon the line, marka hiA progrefs all 
the yew*. When fimfhed, M. CaffuuV by a public 
mitmg, quaintly infbnned the mAthcmaUciaiu.of Eu- 


rope, of a Oracle of ApqHo, pr the fun, 
ed in a tcmplffii vhkh might, be coufultcd, with entire 
confidence, as ,t;0 all dimcultics in afirunomy. See 
Gnomon. 

To 4 KW. 4 :fiteridum Line * — There are many ways 
of doing this ; bui fome of the ealicft and firapicfi art 
as follow: 

I. On an horizontal plane deferibe feveral coaccntiie 
circles AB, ah^ 5cc, and on the 
common centre C ere<6l a Itile, or 
nomon, pcrpendiciiIiCr to the 
orizoataj plane, of about a foot 
in length. About the zifl of 
June, between the Iiours 0^9 and 
1 1 in the morning, and belwecu 
1 and 3 in the afiternoon, obferve 
the points A, n, B, h, &c, in 
the circles, where the lhadow of 
the llile terminates. Bifea the arches AB, ah^ &c, 
ill D, d, &c. If then the fame right line DE bife£f 
ah thefe arches, it will be the Meridian line fought. 

As it is not eafy to determine prccifcly the extremity 
of the lhadow, it will be bell to make the llile flat at 
top, and to drill a fmall hole through it, noting the 
lucid point projeded by it on the arches AB and ah, 
iullead of marking the extremity of die Hiadow itfelf. 

3. Another method is thu»: Knowing the fouth 

S iiartcr pretty nearly, obferve » 
ic altitude FE of fome ftar 
on the ealtiideofit, amlnotfar 
from the Meridian HZRN : 
then, keeping the qpadraat 
firm on its axis, fo as the 
plummet may Hill cut the 
lame degree, diredk k to the 
wellern fide of the Meridian, 
and wait till you find the liar 
has the fame altitiuie as be- 
fore, as/.. LaWy, bifeft the angle ECe, fprmtiiby 
the iuterfedion of the two planes in which the quadrant 
has been placed at the time of the two obfemtUons, by 
the right line HR, which will be the Meiidian 
fought. * 

Many other methods are given by ajiithors, of dc*. 
fin-ibing a Meridian line; as by the pole ^ or. by 
equal altitudes of the fun, ^c ; by Schooten in hit 
Rxercitationcs Geometriic ; Derliam, &c, in 

the Philof. Tranf. and by Ferguibn in his Ledures ent 
Seled Snlneds, 

From wdnat has been faid it is evident that whenever 
the fhaduw of the lUle covers the Meridiaa liae,, the 
centre of the fun is in: the Meridian, aUd tbteefort it ii 
then noon.. And hence the nfeof a, Mqridiaik.line m 
adjufting the motion o(clqd!|t« to the fun. 

ff ftile be ereded pefpepdiculiiriy on. any 

othftr horizontal plao^ and a fignadLbe dveO when^ the 
^dow, of the foriner 0t qateri.the Meridiaa line 
d«wn on another p^pc, nofmg the apqt. or extremity 
of the fhadow preceded by the ftcdnd a Ike 
drawn tfi^ngh^that point and the foot of the fide wilh 
be a Meridian Ike. at the ad place., 

Or, inficad the ad plumb, Jkc may be 
hung iif^ and itakaiW* syi a pbrne^ ttpofta 
£gn4 ^veo Uia( the iftadow of. angahet phunmet^ on 
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olt a fine, foUt iteaftlf in another Men<Han Une^ at a 
little diOancej which ihndcw waigivc the other Me- 
ridian line parallel to the lotnwr. , 

Mfridi xn Line, on a Dial, le a rirf»t line ariftng 
from the incerfe£lion of the Mmdian of the place with 
llic plane of the diaL This » the line of noon, or 
12 o’clock, and from hcQcc the diviiion of the hoar- 
line begins. ^ 

Mhrioiau Lme, on Gunter’s fcalc, is divided un- 
equally towards 87 degrees, in fuch manner as the Me- 
ridian in Mercator’s chart ts divided and numbered. 

This line is very ufeful in navigation. For, i ft, It 
ferves to graduate a fea-chart according to the tri^ 
projection. 2d, Bciiii joined with a line of chords, it 
ferves for the protraAion and refolution of fuch reCli- 
lincal triangles as are concerned in latitude, longitude, 
t'ourfc, anddiftance, in the pi-aClicc of failing j as alfo 
in pricking the chart truly at fea. 

Magnet teal Meridian, is a CTeat circle pafnn|^ 
through or by the magnetical poles ; to which Meri- 
dians the magnetical needle conforms itfclf. 

Meridian Altitude, of the fun or liars, is their alti- 
tiKle when in the meridian of the place where they are 
obferved. 

Meridional D'lfinnce, in Navigation, is the fame 
with the Departure, or calling and wtfting, or dif- 
tance between two meridians. 

Meridional Paris, Miles, or Minutes, in Naviga- 
tion, are the parts of the increafed or enlarged meri- 
dian, in the Mercator’s chart. Tables of tUefc parts 
arc in rtoft books of navigation ; and they ferve both 
for conllruaing that fort of charts, and for working 
that kind of navigation. 

Under the article Mercator’s Chaff, it is fhewn 
that the parts of the enlarged Meridian jpereafe in 
proportion as the cofine of the latitude to radius, or, 
which is the fame thing, as radius to the fecant of the 
latitude ; and therefore it follows, that the whole length 
■of the enlarged nautical Meridian, from the equator to 
any point, or latitude, will be proportional to the fum 
of all the fecaats of the fcveral latitudes up to that 
point ofthe Meridian. And on this principle vras the 
fa’ll Table of Meridional Paits cooftru4tcd, by the in- 
ventor of it, Mr. Edward Wright, and publlfticd iii 
*599 \ viz, he took the Meridional parts 

of i' & the fcC4 of i' ; 
of z* :ss fee: of 1' + fee. of 2' ; 
of 3' fipcantSB of X, 2, and 3 min. 

of 4' =s fccants of r, 2, 3^ and 4 min. 

andfo oft ' by aconftant additioft of the fecants. 

The jablcii of Mcridioiua ‘l^,faconftruaed, arc 
perhaps exil^ enough f6|r ordinary pradict in nayi^- 
tion ; but thw wOff£l bt iftore accutaftc if the Meridian 
weredivyed mto.nlGre or fiftaller-parts than fin glc m t- 
nutes } and the Irifli&r the parts* fo much the greater 
the accftiftcy. But,; as a continual fu^vifion would 
greatly angmeftt the labour of ealcidatioo, other wap 
of computing ftkch ai 't^ile have been devifed, and treated 
o^ by Bond, O^regOry, Oftgbtrcd, Sir fonat Moor, 
Dr. WaUis^ Dr, fh^y, and othm. Sec Merca- 
tor’s Cbeirt, and Riobertibn’s ^ Navigatibo, vbL 2, 
book & Th^ beft of thefe methods was derived from 
this property^ that the Meridian line, in a Merca- 
tor’s charti is analogouo. to a ksk of logarkbouc un- 


gents of hidf the eompkmeato <3! th<’!(ttitnd»I 
which property alfo a method qI domput^ng tii cafes 
of Mercator’s Sailing has been de^Ctdi byDr. jHal- 
dcy. Vide ut fupra> alfo the Philof. Tranf. vok 46, 

T^Jindthe Meridional PAHts to any Spheroid, with 
the fume exaitntfs as in a SfLere, 

Let the femidiameter of the equator l>c to the dif- 
tance of the centre from the focus of the gennating 
cllipfe, as‘w to I. Let A reprefont the latitude for 
which the meridional parts arc required, s the fmc of 
the latitude, to the radius i : Find the arc B, whofc 

fine is ; take the logarithmic tangent of half the 

complement of B, from the common tables ; fubtra^l 
the log. tangent fi'otn 1 0x5000000, or the log. tangent 
of 45®; multiply the remainder by the number 
79*5’7®44^79» and divide the prodnfl by m ; then the 
quotient fubtraflcd from the Meridional parts in the 
^hcre, computed in the ufual manner for ih« atitucle 
A, will give the Meridional pans, exprefted In minutcj, 
for the lame latitude in the fpheroid, w hen it is the ob- 
late one. 

Example. If mm t I \ x 1000 : 2-3, then the groat- 
eft difference -of the Meridional paiLs in the fphcrc and 
fpheroid is 76*0029 minutes. In other cafes It is 
found by multiplying the remainder above mentioned 
by the number 1174*078'. 

When the fpheroid ia oblong, the difFereucc in ihc 
Meridional parts between the Ipbere and fpheroid, for 
the fame latitude, is then. determineti by a circular arc. 
See Fhilof. Tranf. no. 461, feft. 14. Alfo MacUurin’s 
Fluxions, arti 895^ 899. And Murdoch’s Mercator’s 
Sailing See. 

MERLON, in Fortification, that part of the Para- 
pet, which lies between >wo cnibrafures. 

MERSENNE (Martin), a learned French au- 
thor, was bom at Bourg of Oyfe, in the province of 
Maine, 1588. He ftudied at La Flechc at the fame 
time with Des Cartes ; with whom he contra<9:ed a 
ftrifl Iriendihip, which continued till death. He af- 
terwards went fo Paris, and ftudied at the Sorbonne ; 
and in 16 it entered himfelf amortg the Minims. He 
became well Ikillediu Hebrew, philofophy, and mathe- 
matics. From 161J to 1619, he taught philofophy 
and theology in the convent of Nevers \ and became 
the Superior of that convent. But being dcfiious of 
applying himfclf more freely and clofely to ftud^s he 
reugrted all the pofta lie enjoyed in his order, and re- 
tired to Paris, where he fpeiit the remainder of hi® life j 
excepting fbme fliort cxcurfions whicli he occafioTmlly 
made into Italy*, Germany, and the Netherlands* 

Study and literary converfation were afterwards hia 
whole eftiyloy^nt. He held a correfpondence with 
moR of the learned men of his time ; bciii^^^ as it wore 
the very' centre of communication between literary 
of all 'count ricB^ by the mutual cohcbondence whitU 
he managed between them ; being in France what Mr. 
Collins was in England. He omitted no opportunity 
to engage them to publiih their ivorks ; and the worid 
is ob%cd to him for fcveral cxcclknt difeoverksv which 
w^d probably have been loft, but for hi# encourage- 
Tlicnt t and on all accounts he had the reputation of 
being ope of the beft men, a| well as pbikfophers,. 
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of hh tntif. No peribn ws$ more cunoui in pene- 
trating into the fecrcta of nature, and carrying nil the 
Sjirt9 and fciciKX's to perfe<S:ion. He was the chief 
friend and liteiary agent of Dcs Cartes at Paris; 
giving him advice and afli dance upon all occafions, and 
informing him of all that palTedat Paris and elfewlicrc. 
l"or, being a perfon of univerfal learning, but particu- 
larly excelling ill phyficaland mathematical knowledge, 
Dc s Carles fcarcely ever did any thing, or at lead was 
not perfedly fati&tied with any thing he had done, 
< witluiut fird knowing what Merfe*nnc thought of 
it. It is even faicl, that when Merfenne gave out in 
Paris, that Des Cartes was creding a new fydem of 
phyfics upon the foundation of a vacuum, and found 
the public very indifferent to it on that very account, 
he immediately fent notice to Des Cartes, that a va- 
cuum was not then the fafliion at Paris; upon which, 
that philofophcr changed his fyllem, and adopted the 
old dodrine of a plenum. 

Merfenne was a man of good invention alfo himfelf ; 
and he had a peculiar talent in forming curious quef- 
tions, though lie did not always fucceed in refolving 
them ; however, he at lead gave ocealion to others to 
do it. It is faid he invented the Cycloid, otherwife 
called the Roulette. Prcfently the chief geometri- 
cians of the age engaged in the contemplation of this 
new curve, among whom Merfenne hirnfclf held adif- 
tinguifhed rank. After a very lludious and ufefullifc, 
lie died at Paris in 1648, at 60 years of age. 

Merfenne wms author of many ufeful vvoiks, particu- 
larly the following : 

'A* ctkhtrr\m<t In Genefim* 

^ 2. narmomcorum Lihr'u 

3. DeSonorum Natura, Caii/is^ ei EJfiBihus, 

4. Cogitcita Ph^Jtco-MtUhmatica ; 2 vols. 4to. 

5. La Feritt des Sciences, 

6 . Les ^ieflioHs inouies, ^ 

Befidcs many letters in the works of Dcs Cartes, 
and other authoi-s, 

MESOLABE, or Mesolabium, a mathematical 
inftrument invented by the Ancients, for finding two 
mean proportionals mechanically, w-hich they could not 
perform gcometj ically. It confids of three parallelo- 
grams, mpvinjj in a groove to certain xnterfedions. Its 
figure is defcribcd by Eutoclus, in his Commentary on 
Archimedes. Sec aid) Pappus, lib% 3. 

MESO-Looarithm, a term ufed by Kepler to fig- 
nify the logarithms of the cofincs and cotangents, 

METO,or Meton, the foil of Paufanias, a famous 
mathematician of Athena, who fiouriOied 4J2 years 
before ChriH. In the fird year of the 87th Olympiad, 
he obferved the foldice at Athens : and published his 
jhmeadefatoruh't that is, his Cycle of 19 Tears i by 
which he endeavoured to adja/l the courfe of the fun to 
that of the moon, and to make the folar and lunar 
years begin at the fame point of time. See Cycle, 

Mk TONIC Cycjk, called alfo the Golden Number y 
VAX^Lunttr Cyile, or CWr of the Moony that which was 
invented by Melon the Athenian ; being a pciiod of 
19 years, ‘Sec Cycle. 

METOPE, or Me TO PA, in ArchitCiflure, the 
fqiiare Ipacc betw^ecn tthc triglypha of the Doric 
Freeze ; which among the AiKients ufed to be adorned 
with the heads of beads, bafona, vaiVs, aud other m- 
(U uments ufed in facrificirig. 


A Dmi■‘^fctope Ib a (pace fomewhat lefs than half ^ 
Metope, at the comer of the Doric Freeze. 

MICHAELMAS, ‘the fell of St. Michael the 
archangel ; hetd on the 29th of September. 

MICROCOUSTICS, the fame with Micro- 
phones. 

MICROMETER, is an inftrument ufually fitted to 
a telcfccpe, in the focus of the obje6l-gl:irs, for mea- 
fuiing fmall angles or diftance^ ; as the apparent dia- 
meters of the planets, 5 cc. 

There arc fcveral forts of tliefe indnimcnts, upon 
dideient principles; the origin of which ha<i beeq^dlf- 
puted. The general principle is, that the inftrument 
moves a fine wire parallel to itfelf, in the plane of the 
piAure of an obje£i, formed in the focus of a telefcope, 
and fo with great exaAnefs to meafure its perpendicu- 
lar didance from a fixed wire in the fame plane : and 
thus are meafured fnuLlI angles, fubtended by remote* 
objedls at the naked eye. 

Nor exampUy Let a planet he viewed through the 
telefcopc ; and when the parallel wires arc opened to 
fuch a didance as to appear exaftly to touch two op- 
polite points in the circumference of the planet, it is 
evident that the perpendicular didance between the* 
wdres is then equal to the diamater of the piAiiic of 
the planet, formed in the Focus of tlie objeft-gliifs. 
Let this didance, vvhofc meafure is given by the mc- 
chanifm of the micrometer, be rej>refcnted by the line 
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pq ; then, fince the meafure of the focal didance yL 
may be alfo known, the ratio of qh to 7/, that is, of ra- 
dius to the tangent of the angle yL/, will give the angle 
itfelf, by a table of fines and tangents; and this angle is 
equal to the oppofitc angle PLQ^, which tl^e re^l diame- 
ter of the planet fubtends at L, or at the nakc*d eye. 

With refped to the invention of the Micrometer ; 
Mcfl*. Azout and Picaixi have the credit of it in com- 
mon fame, as being the fird wlio publiihed it, in the 
year 1666 ; but Mr. Townley, in the Philof. Ti-anf. 
reclaims it for one of our own countrymen, Mr. Gaf- 
coigne. He relates that, from fome feattered papers 
and letters of this gentleman, he had learnt that be- 
fore our civil wars he had invented a Micrometei‘, of as 
much effed as that fince made by M. Azout, and had 
made ufe of it for fome years, mot only in taking the 
diameten of the danets, and diliances upon lan^ but 
in detennining otner matters of nice importance in the 
haivcns; as the moo n*a didance, &c. Mr. Gafeoigne’s 
indniment alfo fell into the hands of Mr. Townley ^ who 
fays farther, thut by the Kelp of it he could make above* 
4Q,ooo divilUns in afoot. This indniment beutg (hewn 
to Dr. Hook, he gave a drawing and defeription of it^ 
andpropofed fcveral improvements in k; 'which may be 
feen in the Philof. Tranf, voL i, pa.dj, ahdAbr. vot i, 
pa. 217. Mr. Gafeoigne divided tli0 image of an ob- 
jc^, in the focus of^he objctfl-glafs, by the approach of a 
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two pieces of metal, m*ound to a very fine edge j m- 
ftcad of which, Dr. Hook would fubftitute two fine 
hairs, (liTtched parallel to each other : and two other 
methc^ds of Dr. Hook, different from this, are de- 
feribej In his pofthumous works, pa. 497 &c. An ac- 
count of fcvcral curious obfervations which Mr. Gaf* 
coignrmade by the help of his Micrometer, particularly 
ill meafuring the diameter of the moon and other pla- 
n.ets, may he feen in the Philof. Tranf. vgl. 48, pa. 190 ; 
where Dr. Bevis refers to an ori^nal letter of Mr. Gaf- 
coigne, to Mr. Oughtred, written in 1641, for an 
account given by the author of his own invention, 

Monf. De la Hire, in a difeourfe on the sera of 
the inventions of the Micrometer, pendulum clock, 
and telefcope, read before the Royal Academy of 
Sciences in 17 17, makes 1 ^. Huygens the inventor of 
the Micrometer. That author, he obferves, in his 
Obfervations on Saturn's Ring, &c, publifhed in 1659, 
gives a method of finding the diameters of the planets 
by means of a telefcopc, viz, by putting an objedl, 
which he calls a virgula, of a fize pi oper to take in the 
diftance to be meafured, in the focus of the convex 
objeft-glafs : in this cafe, fays he, the fmalleft 
will be feen very diftindly in that place of the gfafs. 
By fuch means, he adds, he meafured the diameter of 
the planets, as he there delivers them. See Huygens’s 
jS)ftcm of Saturn. 

This Micrometer, M. Dc la Hire obferves, is fo 
very little different from that publifhed by the marquis 
De Malvafia, in his Ephemerides, three years after, 
that they ought to be efteemed the fame : and the 
Micrometer of the marquis differed yet lefs from that 
publifiied four years after his, by Azout and Picard. 
Hence, De la Hire concludes, that it is to Huygens 
the world is indebted for the invention of the Microme- 
ter ; witliout taking any notice of the claim of our 
countryman Gafeoigne, which however is many years 
pilor to any of them. 

Dc la 1 -Iirc fays, that there is no method more fim- 
ple or commodious for obferving the digits of an 
eclinfc, than a net in the focus of the telefcopc. Thefe, 
he lays, were ufoally made of filken threads ; and for 
this particular purpofe fix concentric circles had alfo 
been nfed, drawn upon oiled paper j but he advifes to 
draw the circles on very thin pieces of glafs, with the 
point of a diamond. He alfo^ivef fomc particular di- 
re< 5 b'on 8 to allill perfons in uhng them. In another 
memoir, he Ihews a method of making ufe of the fame 
net for all eclipfes, by ufing a telefcopc with two 
obje^-glaffcs, and placing them at different dillances 
from each other. Mem, 1701 and 1717. 

M. Caflini invented a very ingenious method of af- 
certainlng the right afccnfions and declinations of flars, 
by fixing four crofs hairs in the focus of the telefcopc, 
and turning it about its axis, 'fo as to make them move 
in aline paraUcl to one of them. But the later im- 
proved Micrometers will anfwtr this purpofe with 
Jl^eater exaftnefs. Dr. Malkelyne has publiined direc- 
tions for the ufe of it, extracted from Dr. Bradley’s 
papers, in the Philof. Tranf. voL 62. See alfo Smith’s 
Optics, voL 2, pa. 343. 

Wolfius defenbes a Micrometer of a very ealy and 
finmk ftruftore, firft contrived by Kirchius, 

Dr. Derham tells us^that his Micrometer is not put 


into a tube, as is ufual, but is cqntnVed to meafure the 
fpcAres of the fun on paper, of any radius, or to mear 
fufc any part of them. By this means he can eafily, 
and very cxa£lly, with the help of a fine thread, take 
the declination of a folar fpot at any time of the 
day; and, by his half-fcconds watch, meafure the dif- 
tance of the fpot from either limb of the fun. 

J. And. Segner propofed to enlarge the field of view 
in thefe Micrometers, by making them of a confidcra- 
ble extent, and having a moveable eye-glafs, or fcvcral 
.eyc-glaffcs, placed oppofite to different parts of it. He 
thought however, that two would be quite fufficicnt, 
and he gives particular direftions how to make ufe of 
fuch Micix) meters in altronomical obfervations. See 
Comm. Getting, vol. i, po. 27. 

A confidcrabic improvement in the Micrometer was 
communicated to the Royal Society, in 1743, by Mr. 
S. Savary ; an account of which, extraded from the 
minutes by Mr. Short, was publifhed in the Philof. 
Tranf. for 1753* The’firfl hint of fuch a Micrometer 
was fuggefted by M. Roemcr, in 1675 • Bou- 

gucr propofed a conftrudtion fimilar to that of M. Sa- 
vary, in 1748; for which lee Heliometer, The 
late Mr. Dollond made a farther improvement in this, 
kind of Micrometer, an account of which was given to 
the Royal Society by Mr. Short, and publlihed in the 
Philof. Tranf. vol, 48. Inftead of two objcft-glalTcs, 
he iifcd only one, which he neatly cut into two femi- 
circles, and fitted each fcmicircle in a metal frame, fo 
that their diameters Aiding in one another, by means ’ 
of a ferew, ftiay have their centres fo brtught together 
as to appear like one glafs, and fo form one image ; or 
by their centres receding, may form two images ofthiL 
fame objedt : it bcinj^ a propniy of fuch gwffes, for* 
any fegment to exhibit a perfeA image of an ©bjcdl, aU 
though not fo bright as the whole glafs would give it. 
If proper fcales arc fitted to this inftniment, Aiewing 
how far ^lUe centres recede, relative to the focal lengta 
of the glafs, they will alfo flicw how far the two parts 
of the lame objeft arc afnndcr, relative to its dillance 
from the objedt -glafs ; and confequently give the angle 
under which the dillance of the parts 01 that Objcdlarc 
feen. This divided objcdt-glafs Micrometer, which was 
applied by the late Mr. Dollond to the objedl end of a 
rcAcdling telefcopc, and has been with equal advantage 
adapted by his fori to the end of an acnromatic tclc- 
feopc, is of fo cafy ufc, and affords fo large a fcale, that 
it is generally looked upon by altronome^s as the mod 
convenient and exadl inllrumcnt for mcafuring fmalL 
dillances in the heavens. However, the common Mi- 
crometer is peculiarly adapted for meafuring differences- 
of right afccnfion, and declination, of celeTlial objeds,, 
but Icfs convenient and exaft for meafuring their abfo.- 
lute dillrnces ; whereas the ©bjc(Jl-glaf3 ^lieroInctcr is 
peculiarly fitted for mcafuring diibinccs, though gene- 
rally fuppofed improper for the former purpole. But 
Dr. Malkelyne has found that this may be applied with, 
very little trouble to tftat puq)(/fe alfo ; and he has (ur- 
niAied the dirc^lions necelfar)' to be foUovvcd when it is 
ufed in this manner. The addition reqiuTite for this* 
purpofe, is a cell; comatniug two wires, interfering 
each other at right angles, placed in the focus, of the 
cye-elaCs* of i he telefcope, smd moveable round abftiut, 
by the turning of a button. For the defeription of 
this apparatus^, w ith the method of applying and ufing 



MIC [ 104 ] W I C 


iU paper on thf fubj<^6\, m the 

i’hifiif. TrcxffC vo!. fn, pa. 536 &c. ' 

Afler «!), the nfc of the objeA-glafa M»cromctcr is 
nttemled with dilHculticSi ariling from the alterations 
. in the foais of the eye, which arc apt to caufc it to 
give dt/TeT'eift meafiires of the fame angle at different 
times. To obviate thefe difficulties, Dr Ma/kclync, in 
J776> cowtr/ved norifniitie Micrometer, or a Alicro- 
metCr confiding of tyro achronwitic pnfms, or wedges, 
«p»Ikxi/t>ctwccn the objcdt-glafs and cyc-glafs of an 
achromatic telefcopc, by moving of which wedges 
^nearer to or farther from the objed-glafs, the two images 
of >411 objeift j>roduced by them appeared to abroach 
to, or Teetde from, each other, fo that the focal length 
of the objcd-glafs becomes a fcak for mcafuring ihc 
anguKr difttmee of the two images. The rationale and 
life of this Micrometer arc explained m the Philof. 
Tranf. wd. 67, p«. 7^9, &c. And a fimiJar invention by 
tlic abb^‘ Rochon, nnd improved by the abbi Bbfeo- 
vich, was alfo communicated lo'tbc Royal Society, and 
publilhed in the fame volume of the Tranfafttons, 
pa. 789 Sic, 

Mr. Ramfdcn lias lately dtferibed two new Micro- 
meters, which he has CQiitnved for remedying the dc-- 
feiSVsofthe obie^l-glafs Micrometer. One of thefeia 
a catojrtnc Micrometer, which, belidcs the advantage 
it derives from the principle of reflexion, of not being 
dffturlied by the InjttTogeneity of light, avoids every dc- 
fciil of other Micrometers, and ctin have no aberration, 
nor any dcfe6l arifing from the impcrfc6lion of mate- 
rials, or of cIPbeution ; as ' the great fimplicity of its 
conllruftion reguires no additional mirrors or glafTcs, to 
thofe required for the telefcope j and the reparation of 
the image being effected by the inclination of the two 
fpecula, and npt dcpctiding on tlic focus of lens or mir- 
ror, any altcratlisn in the eye of an obferver cannot af- 
fcdl the angle meafiircd. It has peculiar to itfelf the 
advantRgci of an adjuilment, to make the images co- 
incide in a direflion perpendicular to that of their mo- 
tion,; and alfo of mealurmg the diameter of a planet 
on Wh fides of the xevo ; which will appear no iu- 
confiderablc advantage to obfervers who know how 
much eafiCT it isto alccrtain the corita<Sl: of the external 
edges of two images than theii perfefi coincidence, * 

The other Micrometer invented and defcribed by 
Mr. Ramfdcn, is fuited to the principle of refradlion. 
This Micrometer is applied to tlie cpc^I eye-tube of a 
refraAing telefcope, and is placed in ihe^ conjugate fo- 
cus of the firfl cyc-glafs, as the image is confidcrably 
magnified before it comes to the Micrometer, any im- 
perfr£b‘on in its glafs will be magnilictl only by the re- 
maining eye-glafles, which in any telefcopc feldom 
exceeds 5 or 6 times ; and befidcs, the fizc of the Mi- 
ci-ometcr glafs will not be the lOoth part of the area 
wh ich would be required, if it were placed at the objedl- 
glafs ; and yet the fame extent of fcalc is prcfcivcd, and 
the images are uniformly bright in every part of the 
field of the telefcope. Seethe defeription and con- 
fiiiK^ion of thefe two Micrometers m the Philof.' 
Tranf. vol. 69, part 2, art, y, 

Invol. 72 of the Philof. Tranf. for the year 1782, 

' Dr. Hcrfchel, after explaining the defeats and imper- 
fc^ions of the paralld -wit^ Micrometer, cfpccially for 
mcafiiring the apparent diameter of ftars, and the difr 
tanccs between double and multiple ftars, defenbes one, 
8 


for thefe purppfcs, wldch be calls i l«mp:Microi»ctef ; 
one that is free from fuch defefts, andw the adyad- 
lagc of a very enlarged fc^e. In fpcaj^i^ of die ap. 
plication, of this inftrumcnt, he (ay«, It te ,w« 3 l known 

to opticians and othcra, who have been in the hiftjit of 
iifing optical inftruments, that we <;an with one cy^ 
look into a microfeope or telcfrope,. add fee «Ji oWed 
much magnified, while the oaked eye may fee a fcalc 
upon which the magm'ficd piflure is thrown. In tjus 
manner 1 have generally determined the power of my 
tclefcopes ; anifany one who has acquired a facihty of 
taking fuch obfervations, will very icldom mift^c 
much as one in 50 iiv determining the J>owcr of an in- 
ftrument, and that degree of exaftnefs is fully fufficient 
for the puiyofe. 

** The Newtonian form is admiralty adapted to the 
ufe of this MuTometcr ; for tbc obferver ftands idways 
crc6t, and looks in a' horizontal direftion, notwitlji.* 
Handing th<* telefcope ftiouldbe elevated to thexenith* 

— ^Thc fcalc of the Micrometer at the convenient dif- 
tance of 10 feet from the eye, with the power of 460, 
is above a quarta- of an inca to a fecond ; and by put- 
ting cm my power of 932, I obtain a fcalc of more 
than half an inch to a lecoud, without incrcafing the 
diftance of the M icrometer 5 whereas the moft perfeft 
of my former Micrometers, with the fame inftrument, 
had a fcak of lefs than the 2000th part of an inch to a 
feebnd. 

“ The meafures of this Micrometer ate not confined 
to double ftars only, but may be appHcd to any other 
objeifts that require the utmoft accuracy, fuch as the 
diameters of the planets or their fatclUtes, the moun- 
tains of the moon, the diameters of the fiked ftah, 5 cc.** 

The Micrometer has not only been applied to tekf- 
copes, and employed for ^ftronomical pnrpofcs ; but 
there have^ been various contrivances for adapting it to 
microfcopical obfervations. Mr. Leeuwenhoek’s method 
of cllimatinfg the fizc of fmali objefts, was by com- 
paring them with j^ins of fandjt of 100 in a 

fine took up an incii. Thefe grains be laid upon this 
fame plate with his objeds, and viewed them at .the 
fame time. Dr. Jurin'a method was ixmilar to this; 
for he found the diameter of a piece of fine filvcr w^, 
by wrapping it very clofe upon a pm, and obfervinjg 
how many rings made an inch; and uf^ this Wire in 
the fame manner as Lednwenhoek ufed hia fand* Df. 
Hook ufed to look upon the magciiiled obje^ with one 
eye, while at the fame tim€ he viewed other objeA^ 
placed at the fame diftance, with th€ other eye. ta 
this manner he was able, by the help of a ruler, di- ' 
vided into mches and fmall parts, and laid 0^ j^he pc- 
deilal of the microfqopc, as ti were tp caft the rtiag* . 
mfied appearance of the obje^upon the nder, imd thus 
cxadly to. mcafurc the diameter which it q>peared tb' 
have through the glafftfi^ which Iwing compareewiththb 
diameter as it appeared to tfet oahi^eye, i^ly^fttew^ 
the degree in which it wtui i|nag!iiikd« A Iktle'^prac^ 
ticc, lays. Mr. Baket, wip x«nn(^ this method exceott ' 
ingly cafy and pleafai^^ " " . ^ 

Mr. Marun, m his Optset, t^otnmendi^h aJMi- 
crometcr for a microfeape as had been ' to tel4 ' 
/copes for he advifet to draw a hiimSer' of pi^alleV^ 
lines on a piece of glafs; ,v|i(^ the^ftne pgiot a j 
mond, at the diftance or one 40th' of tm iiich mm 
anoth^, and to place It to the focus of the eyc-glafs. 
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By this method, Dr. Smith contrived to take the 
cxaA draught of objefts viewed hy a double micro* 
fcope ; for nc advifes to get a lattice, made with fmall 
filver wires or fquarcs, drawn upoh a plain glafs by the 
ilrokes of a diamond, and to put it into the place of 
the image formed by thc^obje^^-glafs. Then, by tranf- 
ferring the parts of thr objefb, feen in the fquares of 
the glafs or lattice, upon fimilar correfponding fquai-es 
drawn on paper, the pidlure may be exa£lly taken. 
Mr. Martin alfo introduced into compound microfeopcs 
another Micrometer, confiding of a ferew. Sec both 
thefe methods deferibed in his Optics, pa. 277. 

A'^cry accurate divifion of a kale is performed by 
Mr, Coventry, of Southwark.- The Micrometers of 
liis conftruAion are parallel lines drawn on glafs, ivory, 
or metal, from the loth to the 1 0,000th part of an 
inch. Thefe may be applied to microfeopes, for mca- 
fiiring the fize of minute objedls, and the magnifying 
power of the glaffes ; and to telefcoi)e8, for mcafuring 
the fize and diftance of objedfs, and the magnifying 
power of the infirument. To meafure the fize of an 
objcdl in a Tingle microfeope ; lay it on a Micrometer, 
whofe lines are feen magnified in the fame proportion 
with it, and they give at one view the real fize of the 
oliedf. For meafuring the magnifying power of the 
compound microfeope, the beft: and readied method is 
tlie following ; On the dage in the focus of the objedl* 
glafs, lay a Micrometer, confiding of an inch divided 
into 100 equal parts; count how many divifions of 
tlie Micrometer are taken into the field of view ; then 
lay a two-foot rule parallel to the Micrometer ; fix one 
eye on the edge of the field of light, and the other 
eye on the end of the rule, which move, till the edge 
of the field of light and the end of the rule correfpona j 
then the didance'from the end <tf the rule to the mid* 
die of the dage, will be half the diameter of the field ; 
cx. gr. If the didance be 10 inches, the whole diameter 
will be 20, and the number of the divifions of the Mi* 
crometcr contained in the diameter of the field, is the 
magnifying power of the microfeope. For meafuring 
the height and didance of objeAs by a Micrometer in 
the telefcopc, fee Telescope. 

Mr. Adams has applied a Micrometer, that indantly 
(hews the magnifying power of any telefcope. 

In the Philof. Tranf. for 1791, a very fimple fcalc 
Micrometer for meafuring fmall angles with the telc- 
fcope is defcrilfed by Mr. Cavallo, This Micrometer 
confids of a thin and narrow flip of mother-of-pearl 
finely divided, and placed in the focus of the cyc-glafs 
of a telefcope, juft where the image of the objeA Is 
formed ; whether the telefcope is a rede Aor or a refrac- 
tor, provided the cyc-glafs be a convex lens. I’Kis 
fubdance Mr. Cavallo, after many trials, found much 
more convenient than either glafs, ivory, horn, or 
wood, as it isa very fleady fubftance, the divifions very 
eafy marked upon and when made as thin as com- 
mon writing paper it has a very ufeful degree of tranf- 
parency. 

Upon this fubjeA, fee M. Azout’s TraA on it, 
contained in Dwtri Oui>ragei de Matbemaiique tff dr 
Phifique ; p^tr Me/inirt de P Academe Royai dee Sci^ 
cnees ; Mn dt la Hitds Afirbtamca Tabula ; Mr. To*wn* 
in the PlMaJ^ Trafj"* JPh/fius, in bis Elcm* 
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AJlmn* j J08 ; Dr^ Hooi, and ftiany others, in the 
PbiJo/^ Tranf, n*. 19 &c j HeveRus, m the Aila Eru- ' 
ditonm^ ann* 1 708 / Mr. Baljhafer^ in his Murome- 
trias alfo fcveral volumes of XnaParii Memoirs^ See, 

MICROPHONES, iiidruracnts contrived to mag- 
nify fmall founds, as microfeopes- do fmall objcAs. 

MICROSCOPE, an optical indinmcnt, compofed 
of lenfcs or mirrors, by means of which fmall objeAs 
arc made to appear larger than they do to the naked 
eye. 

Microscopes are diftinguifhed into fimple and com- 
pound, or fingle and double. 

Siftple, or oingle Microscopes, are fiich as confift of 
a fingle lens, or a fingle fphcrnle. And a 

Compound Microscope confids of feveral lenfcs duly 
combined.— -As optics have been improved, other va- 
rieties have been contrived in this inrtrument : Hence 
reflecting Microfeopes, water Microfeopes, &c. 

It is not certainly known when, or by whom, Mr- 
crofcopcs were fird invented ; ulthough it is probiible 
they would foon follow upon the ufe of telefcopes, fince 
a Microfeope is like a telefcope inverted. We arc in- 
formed by Huygens, .that one Drebell, a Dutchman, 
had the fird Microfeope, in the year 1621, and that he 
was reputed the inventor of It : though F. Fontana, a 
Neapolitan, in 1646, claims the invention to himfeif, 
and dates it from the year i6r8. Be this as it may, 
it feemarthey were fird ufed in Germany about 1621. 
According to Borelli, they were invented by Zacharlas 
Janfen and his fon, who prefented the firft^Microfeopes 
, they had condvuAed to prince Maurice, and Albert 
arch-duke of Audria. William Borelli, who gives this 
account in a letter to his brother Peter, fays, that when 
he was ambaflador in England, in 1619, Cornelius 
Drebell fljpwed him a Microfeope, which he faid was 
the fame that the arch-duke had given him, and had 
been made»by Janfen himfeif. Borelli Pc vero Tcle- 
fcopii inventore, pa» 35# Sec Lens. 

Theory and Foundation of Microscopes. 

If an objeA be placed in the focus of the convex lens 
of a fingle Microfeope, and the eye be very near on the 
other fide, the objcA will appear didinA in an crcA 
fituation, and magnified in the ratio of the focal dif- 
tance of the lens, to the ordinary diftance of didihA vi, 
fion, viz, about 8 inches. 

So, if the oWcA AB be placed 
in the focus r , of a fmall glafs 
fpherc, and the eye behind it,, as 
in the focus G, the objeA will 
appear didinA, and in an ere A 
podurc, increafed as to diameter 
in the ratio of | of the diameter 
El to 8 inches. If, ex. gr, the 
diameter El of the fmall fphere be 

of an inch ; then Ch = 
and FE =s '= ,V» fo 
CF = } then as : 8, or as 

3' ; 320, eras I : 106} : i the natural fize to the mag- 
nified appearance ; that is, the objeA is magnified about 
107 times. 

Hence the fmaUcr the fphcrule or the lens is, ft 
much the more is the objeA magnified. But then, fi; 
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imjch- the lofs part re comjjrchcmled at one view, 
' and fo much the Ida ailliiivt is the appearance of the 

£c]ual apptaranccfl of the fame ohjeft, formed by 
different eombiiiations, become obfcuie in proportion 
as the number of rays conflitutin/^ each pencil de- 
creafes, that is, in proportion to the Imalhiefs of the 
objed'glafs. 

Wherefore, if the diameter of the objcd-glafs ex- 
ceeds the diameter of the pupil, as many times as the 
diameter of the appearance exceeds tlie diameter of llic 
object ; the appearance fliall be as clear and bright as 
the objet} itfclf. 

The diameter of the ohjc^f-glafs cannot be fo much 
incrcafed, without increafing at the fame time the fo- 
cal didanccs of all the glafcs, and confequcnlly the 
length of the indrurn^nt : Otherwife the rays would fall 
too obliquely upon the eyg-gjafs, . anti the appcaraivce 
become confufed and irr^guGir. 

There are fcvcial kinds of jingle Microfcopcs; of 
which the following is the mod fimplc. 

AB (Plate xviil, fig, i) is a little tube, to one 
end of which I 3 C, is fitted a plain glafs ; to which any 
ob)<^cl, as a gnat, the wing of an iiifeiS^, or thelike, is 
applied j to the other end AD, at a proper dillance 
froni the objed, is applied a lens, convex on both 
lides, of about an inch in diameter : the plane glafs is 
turned to the fun, or the light of a candle, and the ob- 
ject is fecn magnified. And if the tube be made to 
draw out, lenfea or fegments of different fpheres may 
be ufed. 

Again, a lens, convex on both Tides, is inclofed in a 
cell AC (fig. 2), and held there by the ferew' H. 
Through the flcm or pcdeftal CD pafl'es^a long ferew 
EF, carrying a flile or needle EG. In* E is a fmall 
tube ; on w'hich, and on the point ,G, the various ob- 
je£l8 are to be difpofed. Thus, Icnfes of various fphcits 
may be applied, 

A good limple indrument of this kind is Mr. Wil- 
fon's pocket Microfeope, w hich has 9 different magni- 
fying glaffes, 8 of w hich may be ufed with two different 
inllrumcnts, for the better applying them to various ub- 
jeds. One of thefe infiniineuts is reprefented at 
A ABB (fig. 3), which is made cither of brafs or 
ivory. There are three thin brafs plates ut E, and a 
fpiral fpring H of detl wire within it ; to one of the 
thin plates of brafs is fixed a piece of leather F, with 
a fmull furrow G, both in the leather, and brafs to which 
it is fixed : in one end of this inihiimtnt there is along 
ferew D, witli a convex glafs C, placed in the end of it ; 
in the other end of Ihe inllrumcnt there is a hollow 
ferew oOf in which any of the magnifying glaffes, M, 
aie fcrcw'cd, wlwn they are to be made ufe of. The 
9 different magnifying glaffes arc all fet in ivory, 8 of 
which are fet in the manner expreffed at M, The great* 
cd magnifier is marked upon the ivory, in which it is 
fet, number 1 , the next number 2, and foon to number 
8 ; the pth glafs is not marked, but is fet in the manner 
of a little barrel box of ivory, as at At ee is a flat 
piece of ivory, of which there arc 8 belonging to this 
fort of Microfcopcs ( though any one w'ho has a mind 
to keep a regilUr of objects may have as firiany of them 
as he plcafcs) ; in each of them tlicrc are 3 holes in 


w’liich 3 or more- objciffs* are placed between two thin 
glaffes, or talcs, when they, arc to be ufed with the 
greater magnifiers. 

The ufe of this indrument AABB is this, A han- 
dle W, from fig. 4, being ferewed upon the button S, 
take one of the flat pieces of ivory hr Aiders and Aide 
it between the two thin plated of brafs at E, through 
the body of tlie Microfeope, fo that the objeft to be 
viewed be jufi; in the middle ; remarking to put that 
fide of the plate where the brafs rings are, farthed 
from the end A A : then ferew into the hollow ferew, ocf, 
the 3d, 4th, 5th, 6tli, or 7th magnifying glafs M; 
which being done, put the end A A clofe to your eye, 
and while looking at theobjeiff through the magnifying 
glafs, ferew in or out the long ferew^ D, ivhich moving 
round upon the leather F, held tight to it by the 
fpiral wire H, will bring your objed to the true dif* 
tance ; wdiich may be known by feeing it clearly and 
dilfintffly. 

Thus maybe viewed all tranfparent objcAs, dulls, li- 
quids, crydals of falts, fmall infcAs, fueh as fleas, mites, 
^c. If they be infttls that will creep away, or fuch 
objefls as arc to be kept, they may be placed between 
the two regifter glaffes //, For, by taking out the ring 
that keeps in the glaffes//, where the objed lies, they 
will -fall out of themfclves ; fo the objedt may be laid 
between the two hollow fidca of them, and the ring put 
in again as before; but if the objcdls be dulls or liquids, 
a fmall drop of the liquid, or a little of the dull laid oi> 
the outfide of the glafs //, and applied as before, wdll 
be fecn very ealily. 

As to the id, 2d, and 3d magnifying gluffes, being 
marked with a 4- upon the ivory in which tliey aie fet, 
they arc only to be ufed with thofc plates or Aiders that 
arc alfo maikcd with a +, in wdiith the objedls arc 
placed between two thin talcs ; becaiifc the tiiicknefs 
of the glaffes in the other plates or Aiders, hinders the 
objcdl Irom approaching to the true dillance from thefe 
greater magnifiers. But the manner of ufing them ia 
the fame with the foimcr. 

For viewing the circulation of the blood at the ex- 
tremities of the aiteiies and veins, in the tranfparent 
parts of fillies tails, &c, there are two glafs tubes, a 
larger and a fmaller, as expreffed at jfg, into which the 
animal is put. When thefe tubes are to be ufed, un- 
ferew the end ferew D in the body of the' Microfeope, 
until the tube can be eafily leccived into that little 
cavity G of the brafs plate fallened to the leather F un- 
der the other two thin plates of brafs at E. When the 
tail of the fifli lies flat on the glafs tubc^ fetu oppofite 
to the magnifying glafs, afid bringing it to tfie proper 
didance by fcrev\ing in or out the ena ferew. J}, when 
the blood wnll be feen clearly circulating. 

To view the blood circulating in the foot of a frog ; 
choofe fuch a frog as will juft go into the tube ; then 
with a little Hick expand its hinder foot, which apply 
clofe to the fide of the tube, obferving that no part of 
the frog hinders the light from coming on its foot ; 
and when it k brought to the proper diftance, by meana 
of the ferew D, the rapid motion of the blood will be 
feen in its vcffcls, which arc very nttmerous, in the tranf- 
parent thin membrane or web between the toes. For 
this objedi the 4tkand 5 tli magnifiers will do very 
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MIC - [ 107 ] MIC 


well ; but the circulation may be feen in the tails of 
watcr-ncwts in the 6th and 7th glaflcs, becaufe the 
globules of the blood of thofe newts are as large again as 
the globules of the blood of frogs or fmall h(h, as has 
been remarked in number 280 of the Philof. Tranf. 
pa. 1 184. 

The circulation cannot fo well be feen by the ifl, 2(1, 
and 3d magniliers, becaufe the thicknefs of the glafs 
tube, containing the'hfh, hinders tlic approach of the 
object to the focus of the magnifying glafs. Fig, 4 is 
another inftruinent for this purpofci 

In viewing oluefts, one ought to be careful nbl to 
hinder tlie light from falling upon them by the hat, hair, 
or any other tiling, cfpecially in looking at opaque ob- 
jc(Rs; for riotking can be feen with the bell of glafles, 
unlefs the objeifl be at a due diftance, with a fufficient 
light. The beft lights for the plates or Aiders, when 
the objecSl lies between the two glaflfcs, is a clear Acy- 
light, or where the fim Alines on fomething white, or 
the refle(^tlon of the light from a Uoking-glafs. The 
light of a candle is alfo good for viewing very fmall ob- 
jeds, though it be a little uncafy to thofe who arc aot 
pradifed in the ufe of Mlcrofcopes. 

To cajl fmall Glafs Spherules for Microscopes. — 
There arc levcral metlmds for this purpofe. Hartfoeker 
Aril improved Angle Miciofcopes by uAng fmall glo- 
bules of glafs, melted in the Aame of a candle ; by which 
he difeovered the anirnalculie in femine mafculino, and 
tlicreby laid the foundation of a new fyftem of genera- 
tion. Wolfnis deferibes the following method of mak- 
ing fuch globules : A fmall piece of very fine glafs, 
Aiekiiig to the wet point of a Aecl needle, is to be ap- 
plied to the extreme bluiAi part of the flame of a lamp, 
or lather of fpiilts of wine, which v('ill not black it; 
biiiig there melted, and run into a fmall round drop, it 
is to be removed fiom the flame, on which it inllantly 
ccafes to be fluid. Then folding a thin plate of brafs, 
and making very fmall fmooth perforations, fo as not to 
leave any roughnefs on the furfaces, and alfo fmoothing 
tlum over to pi event any glaring, fit the fpherule be- 
tween the plates againft the apertures, and put the 
whole in a frame, with objeds convenient for obrerva- 
tion. 

Mr. Adams gives another method, thus: Take a 
piece of fine window'-glafs, and rafe it, with a diamond, 
into as many lengths as you thihk needful, not more 
than i-8th of an inch in breadth ; then holding one of 
thofe lengths between the fore finger and thumb of 
tach batid, over a very fine flame, tul the glafs begins 
to foften, draw it out till it be as fine as a hair, and 
bleak; then applying each of the ends into the purell 
part of the flame, you prefcntly have two fpheres, which 
may be made greater or lefs atplcafure: if they re- 
main long in the flame, they will have fpots j fo they 
mull he drawn out immediately after they are turned 
round. Break the ftem off as near the globule as pof- 
lihle ; and, lodging the remainder of the ftem between 
the plates, by driUipg the hole cxadtly round, all the 
pr(^tubcrancei are buried between the plates ; and the 
Microfeope performs to admiration. 

Mr. Butterfield gave another maimer of making thefe 
globules, in number 141 Philof. Tranf. 

In any of thefe ways may the fpherules be made 
’’•mch fmallcr thantmy lens ; fo tihat 'thc beft Angle Mi- 


crofeopes, or fuch ns magnify the moft, arc made of 
them. Lecuweuhocck and Muffchenbrock have fuc • 
cceded very well in fplterical Microfcopcs, and their • 
greaieft magnifiers enlarged the diameter of an ohjciJil 
about 160 times; Philof. Tninf. vol. 7, pa, 139, and 
vol. 8, pa. 121. But the fmalleft globules, and confe- 
qiiently the hi^heft magnifiers for Miprofeopes, were 
made by F. de Tone ofhJaples, who, in 1765, fent four 
of them to the Royal Society. The hrgeil of them 
was only two Paris points in diameter, and magnified a 
line 640 times ; the fecond was the fi/e of one Paris 
point, and magnified 1280 times ; and the 3d no more 
than half a Paris point, or the i.(|4lh part of an inch in 
diameter, and magnified 2 ^ 60 times. But fiiiee the fo- 
cus of a glafs globule is at the diftance of one- ].ih of its 
diameter, and therefore that of the 3d globule' of de 
Torre, above mentioned, only the Jybtli pait of an inch*" 
diftant from the objeiSl, it muftbewiththc utmolldiflv- 
cuky that globules fo minute as thofe can be employed 
to any purpofe ; apd Mr, Baker, to whofc cHamiiiation 
they were referred, confidtis them as matters of curio- 
lity rather than of real ufe. Philof. Tranf. vol. 55, 
pa. 246, vol. 56, pa. 67. 

IVater Micros col* E. Mr. S. Gray, and, after him, 
Wolfius and others, have contrived water Microfcopcs, 
confifthig of fpherules or lenfes of water, iiillead ofgl.ifs. 
But fince llie dillaiicc of the focus of a lens or fphcrc of 
water is greater than that in one of glafs, the fpheres of 
which they arc fegments being the fame, coiilequcntly 
water Microfcopcs magnify IcTs than thofe of glafs, and 
theiefore arc lefs elleemed, Mr. Gray firll obferved, 
that a fmall drop or fpherule of water, lield to the eye 
by candle light orrnooii light, without any other appa- 
ratus, magnified the animalcules contained in it, 
vaftly more than any other Miciofcope. The rcafon 
is, that the rays coming from the inteiior furface of 
the firll hrtnifpherc, are rcfleitlcd fo as to fall under 
the fame angle on the furface of the hinder lierai- 
fphere, to which the eye is applied, as If they came 
from the focus of the fpherule ; whence they arc propa- 
gated to the eye in the fame manner as il the objedi 
were placed without the Iphcrule in its focus. 

Hollow glafs fpheres of about lialf an inch diameter, 
filled with fpirit of wine, arc often ufed for Mi- 
crofcopcs; but they do not magnify near fo much. 

Theory of Compound or Double Microscopes.-* Sup- 
pofe an objcd-glafs ED, the fegineiit of a very fmall 



fohcrc, and the objed AB placed without the focus F. 
Suppofc an cye-glafs GH, convex on both fides, and, the 
fcgmcnt of a fpnere greater than that of DE, though 
no^too great ; and, the focus being at K,let it be fo aif- 
poied behind the obje6l, 

that CF : CL : : CL ; CK. 

Laftly fuppoCc LKL : LM : : LM : LJ. 
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Jf then O be the place where an object is feen diT- 
tindwith the naked eye; the eye in this cafe, being 
placed iti I, will fee the objed AB cliftindly, in an in- 
verted pofition, and magnified in the compound ratio 
nf MK LC to LK x CO ; as is proved by the 
laws of dioptrics ; that is, the image is larger than the 
obied, and we arc able to view it diftindly at a lefs 
dlitancc. For Examp.— -If the image be 20 time:^ 
larger than the objed, and by the help of the eyc-glafs 
we arc able to view it 5 tinges nearer than we could 
have done with the naked eye, it will, on both ihcfc 
accounts, be magnified 5 times 20, or 100 times. 

Laws of Double Microscopes. 

I. The more an objed is magnified by the Micro' 
fcope, the lefs ii Its field, i« c. the lefs of it is taken in 
at one view. 

1. To the fame cyc-glafs may be fuccefllvely applied 
objcd-glaflcs of various fpheres, fo as that both the 
entire objeds, but lefs magnified, and their fevcVal 
parts, much more magnified, nSay bifrvicwed through 
the fame Microfeope. In which cafe, on account of 
the different diftance of the image, the tube in which 
the Icnfes arc fitted, fhould be made to draw out. 

2, Siqce it is proved, that the dillance of the image 
Lk, from the objcd^glafs DE, will be greater, If ano- 
ther lens, concave on both Tides, be placed before its 
focus ; it follows, that the objed will be magnified the 
more, if fucli a lens be here placed between the objed- 
glafs DE, and the eyc-glafs GH. Such a Microfeope 
is much commended by Conradi, who ufed an objed- 
lens, convex on both Tides, whofe radius was 2 digits, its 
aperture coual to a muftard feed j a lens, concave on 
both fides,from 12 to 16 digits ; and an eyc-glafe, con- 
'vex on both Tides, of 6 digits. 

4. Since the image is projeded to the greater dif- 
lance, the nearer another lens, of a fegment of a larger 
fphere, is brought to the objed-glals ; a Microfeope 
may be compofcd of three lenfes, which will magnify 
prodl^oufly. 

5, From thefc confiderations it follows, that the ob- 
]ed will be magnified the more, as the cve-glafs is the 
fcgitient of a fmaller fphere; but the field of vifion 
wulbc th^rcatcr, as the fame is a fegment of a larger 
fphere. Tliercforc if two cyc-glaflca, the one a feg- 
ment of a larger fphere, the other of a fmaller one, be 
fo combined, as that the obied aopearing very near 
through them, 1. c. not farther diuant than the focus 
of the firft, be vet dlflind ; the objed, at the fame 
time, will be vauly magnified, and the field of vifion 
much greater than if only one lens was ufed ; and the 
objed will be ftill more magnified, and the field en- 
larged, if both the objcd-glaS and eyc-glafs be double. 
Butbecaurenu objed appears dim when viewed through 
fo many glaflea, part of the rays being refleded in 
pairing through each, it is not advifeaole greatly to 
multiply glaiTcs; fo that, among compound Micro- 
fcopes, the heft arc thofc which confift of one objed- 
glafs, and two eye glaffcs. 

Dr. Hook, in the preface to his Micrography, tells 
us, that in moil of his obfervations he a Micro- 
fcope of this kind, with a middle eye-glafs of a confi- 
demble diameter, when he wanted to & much of the 
objed at one view, and took it out when be would 
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amine the fmall parts of an objed mbrc accurately 1 
for the fewer refradions there are, the more light and 
clear the objed appears. 

For a Microfeope of three lenfes Dc Chalcs recom- 
mends an objed glafs of } or 4 of a digit ; and the 
firft eye-glafs he makes 2 or zj digits; and the dif- 
tance between the objed-glafs and eye-glafs about 20 
lines. Conradi had an excellent Microfeope, whofe 
ohjed glafs was half a digit, and the two cyc-glafles 
(which were placed very near) 4 digits; but it an-' 
fwered beft when, inftead of the objed-glafs, he ufed 
two glalfes, convex on both Tides, their ^herc about a 
digit and a half, and at moll 2, and their convexities 
touching each other within the fpace of half a line.. 
Euttachius de Divinis, inftead of an objed-glafs convex 
on both lides, ufed tw'o plano convex lenfes, whofe con- 
vexities touched. Grindelius did the fame ; only that 
the convexities did not quite touch. Zahuius made a 
binocular Microfeope, with which both eyes were ufed. 
But the moft commodious double Microfeope, it is 
faid, it that of our countryman Mr. Mat dial ; though 
fome improvement was made in it by Mr. Culpepper and 
Mr. Scarlet. Thefe are exhibited in figures 5 and 6. 

It is obferved, that compound Microfcopcs fomc- 
tlmes exhibit a fallacious appearance, by icpufcnting 
convex objeds concave, and vice veifa. Fhilof, Tranl. 
n.umb. 476, pa. 387, 

To fit Microfeopes, as well as Tclefcopes, to ftiort- 
fighted eyes, the objed-glafs and the eye glafs mull be 
placed a little nearer together, fo that the rays of each 
pencil may not emerge parallel, but may fall diverging 
upon the eye. 

R^etiing Microscopk, is that which magnifies by 
refledion, as the foregoing ones do by refradion. The 
inventor of this Microfeope was Sir Ilaac Newton. 

The ftrudurc of fuch a Microfeope may be con 
ccived thus ; near the focus of a con- 
cave fpcciilum AB, place a minute 
objed C, that its image may be 
formed larger than itfeif in D ; to 
the fpeculum Join a lens, convex on \ ^ / 
both fides, EF, fo as the image D \ / 

may be in its focus. \ / 

The eye will here fee the image \ / 

inverted, but diftind, and enlarged ; tif' 

confequently the objed will be larger /\ 

than if viewed through the lens alone. ^ 

Any telefcope is changed into a 
Microfeope, by removing the objed- 
glafs to a greater diftance from the 
eye-glafs. And fmee the diftance of the image is va^ 
nous, according to the diftance of the objed from the 
focus ; and it is magnified the more, as its diftance 
from the objed-glafs is greater; the fame telefcope 
may be fucceflively chanced into Microfeopes whicK 
ma^ify the objed in dimrent degrees. See fome in- 
ftruments of this fort deCcribed in Smith's Optics, 
Remarks, pa. 94. 

Solar Mica.osc«?i, c^cd aHa the Camera Obfenra 
Microfeope, was invents by Mr. liebetkuhn in 173S: 
ox 1 739, and confifts of a tube, a looking-gl^s, a con- 
vex lens, and a Wilfon's Microfeope. The tube 
(fig. 7) is brafe, near 2 inches in diameto', fixed in a- 
circular collar of mahogany i with a groove 00 tl^ out-. 
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fide of Its penphery* denoted by 2, 3, and conne^ed 
by a cat-gut to the pulley 4 on the upper part ; which 
turning round at plcafure, by the pm 5 within, in a 
fqiiare frame, may be ealily adjufted to a hole in the 
fhuttcr of a window, by the ferews 1, 1, fo clofcly that 
no light can enter the room but through the tube of 
the iiillrumcnt. The ihirror G is faftened to the frame 
by hinges, on the fide that goes without the window : 
this glafs, by means of a jointed brafs wire, 6, 7, and 
the icrew H 8, coming tlirough the frame, may be 
moved either vertically or horizontally, to throw the 
fun’s rays through the brafs tube into the darkened 
room. The ei>d of the brafs tube without the ftiutter 
has a convex lens, 5, to coiled the rays thrown on it 
by the glafs G, and bring them to a foCils in the other 
pjit, wdrerc D is a tube (liditig in and out, to adjuft 
the objed to a due diftance from the focus. And to 
the end G of another tube F^is fcrewed one of Wilfon's 
fiiiiplc pocket Microfcopcp, containing the ohjed to be 
m.ignified in a Aider} and by tube F, Aiding on the 
Ih'.all end F, of the other tube D, it is brought to a 
true focal diftance. 

The Solar Microfeope has been introduced into the 
fiimll and portable Camera Obfeura, as well as the large 
one : and if the image be received upon a piece of 
hrtlf-ground glafs, A^adcd from the liglit of the fun, it 
will he fiiAiciently vlfible. Mr. Llebeikuhn made con- 
fjdeiahlc improvements In his Solar Microfeope, parti- 
cnUrly In adapting it to the viewing of opaque ob- 
jedtb ; and M. Aepinus, Nov. Com. .Petrop. vol. 9, 
pa. 326, has contrived, by throwing the light upon the 
ft)i elide of any objed, before it is tranfmitted through 
the objed lens, to reprefent all kinds of objeds by it 
with equal advantage. In this improvement, the body 
of the common Solar Microfeope is retained, and only 
an addition made of two brafs plates,* AB, AC, 
(Cg H), joined by a binge, and held at a proper dif- 
laiice by a ferew. A fcdlon of tliefe plates, and of 
nil the neccAary parts of the inftrumcnt,*may be fecn in 
fig. 9, where a c reprefent rays of the fun converging 
from the illuminating lens, and falling upon the mirror 
Id^ which is fixed to the nearer of the brafs plates. 
From this they arc thrown upon the objed at ef, and 
arc thence tranfmitted through the objed lens at K, 
and a perforation in the farther plate, upon a fereen, 
asufiial. The ufe of the fereen n is to vary -the diftance 
of the two plates, and thereby to adjuft the mirror to 
the objed with the greateft exadnefs. M* Euler alfo 
contrived a, method of introducing vifion by refieded 
light into this Microfeope. 

The MiCROtCOPS for Opaque CljeSe W'as alfo invent- 
ed by M..Licbcrkuhn, about the fame time with the 
former, and rnntdies the. inconvenience of having the 
dark fide of an objed next the eye ; for by means o i a 
concave fpeculum of filyer^ highly poliflied, having a 
magnifying Icna placed in its centre> the objed is fo 
ftiongly illuminated^ that it may be examined with, 
eafe. A conveoient apparatus of tlus kind, with 4 
different fpeculuma and magnifiers of oifferent powers, 
was brought to perfe^onby Mr. Cuff.. PhiloCTranf* 
number 45 8, ^9, 

Microscopic OljeSi^ All things too minute to- 
he viewed diftindly by the naked eye, are proper ob- 
jeds for the Microfeope, Dr. Hook has diltinguiflicd 
them into thefc three general kinds j viz, exceeding. 
S 


fmall bodies, cxccceding fmall pores, or excecdingi 
fmtll motions. The fmall bodies may be feeds, In- 
feds, animalcules, fands, falts, kc : the pores may be 
the inter dices between the folld parts of bodies, as In 
ilones, minerals, Aiclls, &c. or the mouths of minute 
veffels in vegetables, or the pores of the fkin, bones, 
and other parts of animals : the fmall motions, may 
be the movements of the fcvcral part^ or membeia of 
minute animals, or ihc motion of the'^fluids, contained 
cither in annnal or. vegetable bodies. Under one or 
other of thefe three general heads, almoft every thing 
about us agbrds matter of ohfcrvaiioo, and may con-^ 
ducc both to our amufeinent and inftrudion. 

Great caution is to be ufed in forming a judgment 
on what is fecn hy the Microfeope, if tlic oLjeds aie ex- 
tended orcontraaedhy force or drynefs. 

Nothing can be' determined .about them, without 
making the proper allowances ; and dlfftrent lights and 
pofitions will often Aiew the fame objed as very dif- 
ferent from itfelf. There is no advantage in any greater 
magnifier than li|Q||h aa is capable of fhewing tlie objed 
in view diftindly ; and the left the glaft magnifies, the. 
more pleafantly the ohjed is always fecn. 

The colours of objeds are very little to he depended 
on, as feen by the Microfeope ; for their fcveral com- 
ponent particles, being thus removed to great diftances 
from one another, may give refledions very different 
from what they would, if fecn by the naked eye. 

The motions of living creatures too, or of the fluids- 
contained in their bodies^ are by no means to be 
haftily judged of, from what wefeebv the Microfeope, 
without due confidcration ; lt»r as tuC moving body, 
and the fpace in which it moves, arc magnified, tht 
motion muft alfo be magnified ; and therefore that ia« 
pidity with which the blood feems to pafs through 
the veffels of fmall animals, muft be judged of accord- 
ingly. Baker on the Microfeope, pa. 52, 62, &tv 
See alfo anMegant work on this Aibjcd, lately puhlilhed 
by that ingenious optician Mr. George Adams. 

MIDDLE hatitude, is half the fum of two given’ 
latitudes ; or the arithmetical mean, or ibe middle be- 
tween two parallels of latitude. 'Therefore, 

If the latitudes be of the fame name, cither both north 
or both foiith, add tlie one number to the other, and 
divide the fum by 2 the quotient is the middle lati- 
tudes, which is of tlu* fame name with the two givcni 
latitudes. But 

If the latitudes be of different names, the one 
north and the other fouth ; fubtraA the left from the 
greater, and dii^de the remainder by 2, fo Aiall the ' 
quotient be the middle latitude,, of the fame name witk 
the greater of the two. . 

jEy. I. * Ex. 2, 

One lat. 35*' 27' R 35® if S. 

the other 21 13 N,. 21 13 N- 


2 )56 40 


1)1+ 14 


Mid. lat. 28 20 N.. Mid. laL 7 7 S- 


Middle Latitude Sailing f, is a method of refoTving; 
the cafes of globular failing, by means of the Middle 
Latitude, op the principles of plane and parallel failing 

TU. 
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This method is not quite accurate, yet often agrees 
pretty nearly with Mercator^s Sailing, and is founded 
on the following principle, vh:, That the dcpaiturc is 
accounted a meridional difiance in the middle htitude 
Ittween the latitude failed from and the latitude ar- 
rived at. 

This artifice feems to liavc been invented, on account 
of the cafy manner in which the fcveral cafes may be 
rtfolved by the Traverfe Table, and to ferve where a 
table of meridional parts is wanting. It is fiifiicicntly 
II tfar the truth either when the two p irdKls arc near 
tire equator, or not far difiant from one anotlur, in 
any latitude# It is performed by tlicfc two rules : 

1# Asjthe cofinc of the middle latitude : 

Is to radius . : : 

8o is thedeparture ; 

To the difference of longitude* 


i» As the cofine of the middle latitude j 
Is to the tangent of the courfc 
8o is the difference of latitud<|| 

To the differente of longltunc 

A /hip falls from latitude 37® north, fleering 
conllantly N. 33° 19' eaO, for 8 days, when flie was 
found in latitude 51® 18' north ; requited her difference 
of longitude. 

£1® 18' 

37 00 37 00 


DIff. lat. 14 18 = 858 m. 


OM4417 

• 9 ‘ 8 i 776 

2’93349 

- 2’K954z 

or I3®6'dlff, of long, fought# 

Middle Regiotu See Region* 

MID Heaven, Medium Cali, is that point of the 
ecliptic which culminates, or is highell, or is in the 
meridian at any time. 

M II)bUMIVlRR*/)i7y, is held on the a4ih of June, 
the fame day as the Nativity of St. John the Baptill is 
hehl# 

MIRK, a long moafure, by which the Englifh, Ita- 
lians, and fome oilur naiions, ufe to exprefs the difiance 
I clween places : the fame as the French ufe the word 

L'agus. 

Tlic Mile 18 of different lengths in different countries# 
The gcogiaphical, or Italian Mile, contains pcQOgeo- 
inttneal paces, millr paffvs, whence the term Mile hs 
t’cri^cd. The Englifli Mile confiils of 8 luilongs, each 
tiiiloiw of 40 poles, and each pole of i6i foct : fo 
that the Mile 18 z: 8 fuilqngs ?=: 320 poles = 1760 
yards =? 5280 feet. 

The following table fhews the length of the Mile, 
or league, in the principal nations of Euiopc, expreffed 


in geometrical paces ; 

Ccomet. racei. 

Mile of Ruffa - . 750 

of Italy - -* 1000 

of England , - iico 

of Scotland and Ireland ijtio 

Old League of France - • ISCO 

^all League, Jbid. \ - logo 


2 ) 88 18 

As cps. mid. I, 44 09 
Totang. cour, 33 19 
Sodiff.lat. 8j8 
To diff. long. 786 


10 j 

. Ceotnet. ^acet. 


Mean League of France - - 2300 

Great League, ibid, - - • 3000 

Mile of Poland - * - 3000 

of Spain - - ^428 

of Get many - - 4C00 

of Sweden - - 5000 

of Denmark - - 5000 

of Hungary - - 6000 . 


MILITARY The fame with Forti- 

fication, 

MILKY Way, f^in La&ea, or Galax j, abroad track 
or path, encompalTing the whole heavens, dillinguilhable 
by its white 'appcrirance, whence it obtains the name# 
It extends itfeli in fome parts by a double path, but for 
the moll part it is fingle. Its courfc lies through the 
con Hell at ions Caffiopeia, Cygnus, Aquila, Perfeus, An- 
dromeda, part of Ophiucusand Gemini, in the northern 
hemifphere ; and in the fouthern, it takes in part of 
Scorpio^ S^ittarlus, Centauius, the Argonavis, and 
the Ara. There are fome traces of the fame kind of 
light about the fouth pole, but they arc fmall in com- 
parifon of this : thefe are called by feme, luminous 
fpaces, and Magellanic clouds ; but they feem to be of 
the fame kind with the Milky way. 

The Milky way has been nferibed to various caufes. 
The Ancients fabled, that it proceeded from a llrcam 
of milk, fpilt from the breall of Juno, when fhe pufhed 
away , the infant Hercules, whom Jupiter laid to 
her breafl to render him immortal. Some again, as 
Arillotle, &c, imagined that tlifs path confilled only of 
a certain exhalation hanging in the air; while Metro- 
dorus, and fome Pythagoreans, thought the fun had 
once gone in this track, inflcad of tlic ecliptic ; and 
confcquently that its whitenefs proceeds from the ic- 
mains of his light. But it is no\v w\‘ll known, by the 
help of telefcopcs, that this track in the heavens cor^- 
fifts of an immenfc multitude of liars, feemingly very 
clofe together, whofe mingled light gives this appearance 
of w'hitenefs j by Milton bcautitully defer ibed as a 
path powdered with ftars,** 

MILL, properly denotes a machine for grinding- 
corn, &c ; hut in a more general fignification, Is ap- 
plied to all machines whole adion depends on a cir- 
cular motion. Of thefe there arc fevcral kinds, ac- 
cording to the various methods of applying the moving 
power ; as water mills, wind-mills, horfe-raillsrhand- 
mills, and even ileam-mills, or fuch as are worked 
by the force of Hearn ; as that noble llrudlure that 
was creded near Blackfriars Bridge, called the 
Mills, but lately dellroycd by fire. 

The water atls both by its impiilfc and weight in an 
overfhot water-mill, but only by its impulfc in an un- 
derfoot one ; but here the velocity is greater, becalifc 
the water is fuffered to defeend to a gi-cater depth be- 
fore it ftrikes the vhccl. Mr. Fcrguion obferves, that 
where there is but a fmall quantity of water, and a fall 
great enough for the wheel to lie under it, the bucket 
or overfoot wheel is always ufed : but where there is a 
large body of water, with a little fall, the breaft 01 
float-board wheel muff take place : and where there 
is a large fupply of water, as a river, or large llrcam 
or brook, with very little fall, then the underfoot 
wheel is the eaEeff, cbeapeff, and moft limplc iWuc* 
turo. 

br. 
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Dr. Defagulicrs, having had occafion to examine 
many underfhot and overlljot Mills, generally found 
that a well made overfhot Mill ground as much, corn, 
in the fame time, as an iinderfliot Mill does with ten 
times as much water; fiippofing the fall of water at 
the oveHliot to be 20 feet, and at the under/hot about 
6 or 7 feet ; and he generally obferved tliat the wheel 
of the overlhot Mill was of 15 or 16 feet diameter, 
with a head of water of 4 or 5 feet, to drive the water 
into the buckets with fome momentum. 

In Water- mills, fome few have given the preference 
to the underfhot wheel, but moil waiters prefer the 
overdiot one. M. Belidor greatly prefeiTed the under- 
fhot to any other couAru^ion. He had even concluded, 
that water applied in this way' will do more than fix 
times the work of an overfhot wheel ; wdiile Dr. Defa- 
gulicrs, in overthrowing Belidor’s pofition, determined 
that an overlhot wheel would do ten times the work of 
an underniot wheel wdtli an equal quantity of w’ater. 
So that between thefe two celebrated atitliors, there 
is a difference. of no lefs than 60 to 1. In confequence 
of fucU monllrous difagreement, Mr. Smeaton began 
the courfo of experiments mentioned below. 

In the Fhilof. Tranf. vol. 51, for the year I759t we 
have a large papci with experiments on Mills turned 
both by water and wind, by that ingenious and expe- 
rienced engineer Mr. Smeaton. From thofe experi- 
ments it appears, pa. 129, that the effefts obtained by 
the ovcrfliot wheel arc generally 4 or 5 times as great 
as thofe with the underfhot wheel, in the fatne time, 
\\iih the fame expence of water, defeending from the 
f iuu‘ height above the bottom of the wheels ; or that 
tlie bu rner pei Forms the fame effetl as the latter, in 
the fame time, with an expence of only one-4th or one- 
5th of tlie water, from the fame head or height. And 
this advantage feen?s to anTe from the w'atcr lodging 
in the buckets, and fo cariying the wheel about by 
tlieir weight. But, in pa. 130, Mr. Smeaton rcekons 
the t'fFcA of overfhot only double to that af the imdcr- 
ffoi wheel. And hence he infers, in general, “ that 
the higlicr the wheel is in propprlloii to the whole de- 
Iccnt, the greater w'ill be the cffo<fl: ; becaufc it depends 
lefs upon the impulfe of the head, and more upon the 
giavity of the w’litcr in the buckets. However, as every 
thing has its limits, fo has this ; for thus much is dc- 
firible, that the w'ater fhould have fomewhat greater 
velocity, than the circumference of the wheel, in 
coming thereon ; otherwife the wheel will not only be 
retarded, by the buckets ftriking the w ater, but ilicrtby 
daflilng a part of it over, fo much of the pow er is loft.” 
He is farther of opinion, that the beft velocity for an 
overfhot wheel is when its circumference moves at the 
rate of about 3 feet in a fecond of time. Sec Wind 
Mill, 

Coiifiderable differences have alfo anfen as to the 
mathematical theory of the force of water ftriking the 
floats of a wheel in motion. M. Parent, Maclaurin, 
Dcfaguliers, &c, have determined, by calculation, that 
a vvheel works to the greateft effe£l, when its velocity 
is ^ual to one4hIrd of the velocity of the water 
which ftrikesit ; or that the greateft velocity that the 
wheel acquires, is one-third of that of the water. And 
this determination, which has been followed by all ma- 
thematicians till very lately, neceffarily rcfults from a 


pofition which they affume, viz, that the force of the 
w^ater againft the wdicel, 1? proportional to the fquare of 
its relative vtlecity, or of the difference between the ab- 
folute velocity or the water and. that. of the wheel. 
And this pofition is itfelf an inference w'hich they make 
from the foice of water ftriking a body at reft, being as 
the fquare of the velocity, becaufc the force of each 
particle is as the velocity it ftrikes w ith, and the num- 
ber of particles or the whole quiintlty that ill ikes is alfo 
as the fame velocity. But when the water ftrikes a 
body in motion, the quantity of it that lli ikes is Hill as 
the abfolutc velocity of the w^atcr, though the force of 
each particle be only as the relative velocity, or that 
with which it ilrikce. Hehce it follows, that the 
whole force or cfleft is in the compound ratio of tbc 
abfolute and relative velocities of the water ; and there- 
fore is greater thanthe before men.tioncd effed or force, 
in the ratio of the abfolutc to the relative velocity. 
The effed of this' corredion' is, that the maximum 
velocity of tlie wheel becomes one-half the velocity 
of the water, inttad of one-third of It only:' a deter- 
mination wdilch nearly agrees with the bell cxpLiiinenlP, 
as thofe of Mr. Smeaton. 

This corredion has been lately made by Mr. W. 
Waring, in the 3d volume of the Tranfadions of the 
American Piiilofophical Society, pa. 144. Tin's inge- 
nious writer fays, ‘ Being lately requefted to make fome 
calculations relative to Mills, particularly Dr. Barker's 
conftrudion as improved by James Rumlty, 1 found 
more difficulty In the attempt than I at fu ll expeded. 
It appeared neceffary to j'nveftigale new^ theorems for 
the purpofe, as there are circumftanccs peculiar to this 
conftrudion, wdiich are not noticed, I believe, by **'^y 
author; and the theory of Mills, as hitherto piibhihed, 
is veiy Imperfed, whicli I take to be the reafon it has 
been of fo little ufe to pradical mechanics. ‘ 

* The liijl ftep, then, toward calculating the power 
of any water-mill (or wind-mill) or proportioning their 

arts and velocities to the greateft advantage, feeins to 

t-', 

* Ihc Correefton of an EJj'tnhal Mijlale aifopted hy WrlU 
ers on the 'Thiory of Mills. 

* This is attempted with all the deference clue to 
erninent authois, whofe in;;eniou» lalwiurs have juftJy 
raifed their reputation and advanced the fcicnccs ; but 
w'bcu any wToiig princijiks are fucceflively publilhedby 
a feries of fuch pens, they are the more implicitly re- 
ceived, and more particularly claim a public redifica- 
tion ; wliich muft be pleafiug, even to thefe candid 
writers themfehes.' 

A \ery ingenious writer in England, ‘in his maflerly 
treatife on the redilinear motion and rotation of bodies, 
publifhed fo lately as 1784, conuniics this oirerfight, 
with its pernio'o’js cjjnfequenccs, through his propofi- 
tions and condlaiie-i (pa. 275 to 284), although lie 
knew the theory was fitfpedcd : for he oblefves 
(pa. 382) Mr. Smeaton in his paper on mechanic 
“ power (publdhed in the Philofophical Tranfadiona 
“ for the year 1776) itllows, that the theory ufually 
“ given will not correfpond with matter of fad, when, 
compared with the motion of machines ; and feems 
to attribute this difagreement, rather to deficiency 
in the theory, than to the obftacles which have pre- 
vented 
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“ vented t!ic nppllc^itton of it to the coppljeated mo- 
lion of -5/c. Tn order to fatisfy himfeU con- 

<< ccniin)T tht r<afon of iIo'b (]lfa;^rc<rmem, he conibuft- 
“ ed a fet of expenmenttt, which, from the known 
« aVilitlcs and ingenuity of the author, certainly dc- 
“ ferve great conlidcralion and attention from every 
« one who iii intcrclled in thefe inquiries.” ‘ And 
notwllhftanding the fame learned author fays, ‘‘ The 
evidence upon which the theory refts is fearer ly k Is 
than mathematical I am forry to find, in tlieprcfcnt 
ftatc of the fcicnces, one of his abilities concluding 
(pa. 380) “ It is not probable that the theory of mo- 
^on, however fnrontclb'bk its principles may be, can 
afford much affiftance to the praaical mechanic,” aU 
though indeed his theory, compared with the above 
cited experiments, might fuggcll lueh an infeicnce. 
But to come to tlie point, I would jail preinifc thefe 

Dtfiwt'wnt, 

< If a ftream of water impinge againff a wdiecl in 
luotiou, there are thu c difkrciiL velocities to be con- 
sidered, appertainingtliercto, vi/, 

Firll, the ahfolute velocity of the water; 

Second, the abfolutc velocity of the wheel ; 

Third, the relative velocity of the water to that of 

the whetl, 

j. e. the difference of the abfolutc velocities, or the ve- 
locity with which the water overtakes or ilrikes the 
awheel.' 

< Now the mlffakc confifts in fuppofingthc momen- 
tum or force of thcw'atcr agaiull the wheel, tube in 
•the duplicate ratio of the relative velocity : Whereas, 

Prop. L . . 

< The force of an Invariable Stream, Impinging 

agaiirft a MilUwhetl in Motion, is in the Simple Direct 
Proportion of the Relative V docityJ .nr 

* For, if the relative velocity of a fluid a^inlc a lin- 
glc plane be varied, either by the motion of the plane, 
or of the fluid from a given aperture, or both, then, 
the number of particles afling on the plane in a given 
time, and likewife the momentum of each particle, 
lacing refpe£Iivcly as the relative velocity, the force on 
both thefe accounts, mull be in the duplicate ratio of 
the relative velocity, agreeably to the common theory, 
with rcfpc<Sl to this fw^le plane : but, the number of 
thefe planes, or paits of the wdieel aded on in a given 
time, wullbe as the velocity of the wheel, or inverfely 
as the relative irlocity ; therefore, the moving force of 
the wheel mull be in the finiplc tbicfl ratio of the rela- 
tive velocity. Q. E. D. 

‘ Or the propofition is manifelt from this conlidcra. 
tion ; that, w^hile the llream is invariable, whatever be 
the velocity of the wheel, the fame number of particles 
f»r quantity of the fluid, mud ftrike it fomewhere or 
other in a given time ; confcqucntly the variation of 
force is only on account of the varied impingent velocity 
of the fame body, occafioned by a change of motion 
in the wheel j that is, the momentum is as the relative 

‘ Now, this true principle fuhftitwted for the erro- 
neous one in ufe, will bring the theory to agree remark, 
nbly with the notable expenments of the ingenious 
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Smeaton, before mentioned, publiflicd in the Philofo- 
phical Tranfaaions of the Royal Society of London 
for the year 1751, vol. 51, for which the honorary an- 
nual medal w^as adjudged by the focicty, and prefented 
to the author by their prcfident. An inftance or two 
of the importance of this corrcdlion may be adduced as 
below'/ 

Prop. II. 

< The velocity of a wljcel, moved by the impa^ of 
a llream, mull be half the velocity of the fluid, to pro- 
duce the grcatell pofiible effed. — kor let 

V = the velocity, m = the momentum of the fluid ; 

V = the veikity, p = the power of the wheel. 

Then V — 1; = the relative velocity, by def. 3d; 

and as V : V - K J : >» : Y X V-v =p (prop, i ); 

m =7— 

this multiplied by *i», gives /v = ^ — a 

maximum ; hence Vv - -u' = a maximum, and its 
flii.'vion(*u being the variable quantity) is Vv— 2 vv=iOi 
therefore v ~ iV, that is, the velocity of the wheel 
= half that of the fluid, at the place of impad, when 
the effed is a maximum. Q. E. D.* 

‘ The ufual theory gives v = \V i where the error 
is not lefs than one third of the true velocity of the 
wheel.* 

‘ This propofition is applicable to underlbot wheels, 
and corrclponds with the accurate experiments before 
cited, as appears from^e authors conclulion (Philof. 
Tranf. for 1776, pa. 457 )»^» 2 ^» “ velocity of the 
** w’hccl, w^hich according to M. Parentis detcrmiiia- 

<< tion, adopted by Defaguliers and Maclaurin, ought to 

be no more than one third of that of the w ater, varies 
at the maximum in the cxpeiim(mt8 of table i , bc- 
“ tween one third and one half ; but in all the cafes 
“ there related, in which the moil w'ork is performed 
in proportion to the water expended, and which ap- 
** proach the nearell to the circumllances of great 
“ w’orks when properly executed, the maximum lies 
« much nearer one half than one third, one halffeeming 
“ to be the true maximumy if nothing were loll by the 
“ rcGllance of the air, the featteving of the water car- 
** ried up by the whetl, &c.** Thus he fully Ihews 
the common theory to have been very defedive ; but, 

I believe, none have fince pointed out wherein the de- 
ficiency lay, nor how to corred it ; and nOw \ye fee the 
agreement of the true theory with the rcfult of his ex- 
periments.* For another problem, 

Pros. III. 

‘ Given, the momentum (w) and velocity (V) of the 
fluid at I, the place of impad ; the radius (RrzISj 
of the w heel ABC ; the radius (r = DS) of the fmall 
wheel BEF on the fame axle or tliaft ; the weight Uv) 
or rcfiflancc to be overcome at D, and the fndion (/) 
or force ncccffary to move the wheel without the 
weight ; required the velocity (v) of th^ wheel 

* Here we have V ; V — ; ro X — » 

the adlngfqrcc at I in^hc dircdlon KI, as before 

rtu - 

(prt^ a). Now R : r : -g- = the power 

at 
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»l I (leccflary to countttpoife %e weight w j hence 

4. /=: the whole refinance oppofed to the adion ' 
K 



ortlie fliiifl ?t I ; Vhich (ledu<fled from the moving 

ftti-ce, leaves m X - ■ — 4 ^ — / = the acccle- 

* V R 

inting foroc of the machine; which, when the motion 
L<X'omes uniform, will be evanefeent or = o ; therefore 

V — 'u rw ... . 

w X - + /, which gives 


r-zv 


/ 


the true velocity rc- 


i riV X I - 


qniicd} or, if \vc rcjc<fl the fifiSlion, then 


-y r= V XI jc- is the theorem for the velocity 

wiK 

of the wheel. This, by the common theory, w'ould be 

V zzV X I — which is too little by 

mR ' 


V -v/~ V , No w'onder why we have 
wR ^ 

hirlicito derived fo little advantage from the theory.* 

‘ CoROL. I. If the weight (<:*;) Jh" refinance be re- 
quired, fuch as juft to admit of that velocity which 
vroiild produce the greateft cffe£l ; then, by fubftituting 
iV for its equivalent v (by prop. 2 ), we have 

-^\ = \ X I — — 5- — ^ \ hence «/ = — x R; 

viK m r 


or, if o, w = — ; but thcorifts make this 

2r . 9r 

vthere the error is 

i8r 

‘ CoROL. 2. We have alfo r = ^ X R ; or, 

w 

rejeiRing fri^ion, r = — , when the greateft effeft is 

2 W ^ 

produced, in (lead of r = , as has been fuppofed; 

...» 9 '“* * 

tins is an important theorem in the conftru6lion of 
mills.’ 

In the fame volume of the American Tranfa^lions, 
Jpa. 185, is another ingenious paper, by the fame au- 


thor, on the pow'er <nd machinery of Dr. Barker*# 
Mill, as improved by Mr. James Rnmfcy, with a de- 
feription of it. This is a hlill tinmed by the refilling 
force of a ftream of water that ilfues from an orifice# 
the rotatory part, in which that orifice is, being impelled 
the contrary way by its rcadlion again ft the iFrcamthat 
ifiucs from it. 

Mr. Fergufon has given the following dire‘6llons for 
conftrufting watermills in the bed manntr; with a 
table of the feveral conefponding dimenfions proper to 
a great variety of perpendicular ftills of the water. 

When tlic float^boards of the watcr*v.'heel move 
w'ilh a 3d part of the velocity of the* water that aO# 
upon them, the water has the gieatell power to turn 
the Mill; and when the millftone makes about fio tunu 
in a minute, it is found to perform iu work the beft : 
for, when it makes but about 40 or 50, it grinds too 
flowly ; and when it makes more than 70, it heat? the 
meal too much, and cuts the bran fo fmall that a great 
part of it mixes with the meal, and cannot be feparated 
from it by fifting or boulting. Confequently the ut- 
moft perk'tflion of mill-workllcs in making tlic train fo 
as that the millftone lhall make about 60 turns in a 
minute when the water wheel moves with a 3d part of 
the velocity of the water* To have it fo, obferve the 
following rules : 

1. Mcafurc the perpendicular height of the fall of 
water, in feet, above the middle of the aperture, 
where it is let out to ad by impulfe againft the float- 
boards on the lowed fide of the underlhot wheel. 

2. Mulriply that height of the fall in feet by the 
conftant number 64I, and extrad the fqiiare root of 
the produd, which will be the velocity of the water at 
the bottom of the fall, or the number of feet the watcc 
moves per fecotid. 

3. Divide the velocity of the water by 3 } and the 
quotient ^ill be the velocity of the floats of the wheel 
in feet per fecond. * 

4. Divide the ciyciiraferencc of the wheel in feet, by 
the velocity of its floats ; and the quotient will be the 
number of feconds in ont turn or revolution of the great 
water-wheel, on the axis of which is fixed the cog- 
wheel that turns the trundle, 

5. Divide 60 by the number of fcconds in one tun 
of the water-wheel or cog-wheel ; and the quotient 
will be the number of turns of either of tbefe wheels 
in a minute. 

6. Divide 60 (the number of turns the millftone 
ought to have in a minute) by the abovefaid number 
of turns ; and the quotient will be the number of turns 
the millftone ought to have for one turn of the w'ater 
or cog-wheel. Then, 

7. As the required number of turns of the millftone 
in a minute is to the number 6 f turns of the cog- 
wheel in a minute, fo muft the. number of cogs m 
the wheel be to the number of ftaves or rounds in the 
trundle on the axis of the millftone, in the neared 
whole number that can be found. 

By thefe rules the following table is calculated; la 
which, the diameter of the water-wheel is fuppofed 
18 feet, and confequently its circumference 56} fcct> 
and the diameter of the mlllftoDc is $ feet. 


Q. 


ne- 
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Velocity ofthc 

Velocliyoftbe 

1 Number of 

Required no. 

wajLtr in feet 

wbccl in feet 

turn! oO fnc 

of tunis of the 

per feconti. 

pei Iccond. 

' wheci in a mi- 
nute. 

miildone for 
each turn u£ 
the wheel. 



Nearcft num-j 
berofcogsand { 
(laves for that I 
purpofe. I 


127 6 

io>- 7 


67 9 
70 10 
67 10 

64 10 

61 10 

59 10 

56 10 

55 10 
53 

51 10 

50 10 

49 10 
47 


Number of 
turns of the 
millftonc for 
one turn of 
the w heel by 
thcfc cogs and 
(laves. 


2ri7 

15*00 

12*25 

10*56 

9*44 

8*66 

8*00 

7*44 
7*00 
6*70 
6*40 
6*10 
5 *80 
5 *60 

5*40 

5*30 

5*10 

5*00 

4*8o 

4*70 



For the theory conftrudlion of Wind-railli, fee 
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MILLION^ the number of ten hundred thoufand, 
or a thoufand times a thoufand. 

MINE, in Fortification &c, ia n fubtcrrancoiia ca- 
nal or oaffage, dug under any place or work intended 
to be blown up by gunpowder. The paflage of a mine 
leading to the powder ia called the GalUry ; and the 
extremity, or place where the powder is placed, if 
called the Chamber, The line drawn from the centre 
of the chamber perpendicular to the ncarcll furface, is 
called the Line of Uaji Reftftance ; and the pit or hole, 
made by the mine when fprung, or blown up, is called 
the JExcavation, 

The Mines made by the befiegers in the attack of a 
place, arc called fimply Mines ; and thofc made by the 
beffeged, Coan/er-mines, 

The fire is conveyed to the Mine by a pipe or hofc, 
madeofeoarfe cloth, of about an inch and half in dia- 
meter, called Sauciforty extending from the powder in 
the chamber to the beginning or cntiancc of the gal- 
lery, to the end of which is fixed a match, that the 
miner who feta fire to it may have lime to retire before 
it reaches the chamber. 

It is found by experiments, that the figure of the 
excavation made by the cxplofion of the powder, is 
nearly a paraUdoid, having its focus in the centre of 
the powder, and its axis the line of leaft refiftance ; 
its diameter being more or Icfs according to the quan- 
tity of the powder, to the fame axis, or line of leatl re- 
iftance. Thus, M Bclidor lodged feven different 


quantities of powder in as many different mines, of the 
lame depth, or line of leaft re/iftance 10' feet j the 
charges and greateft diameter^ of the excavation, mea- 
urea after the cxplofion, were as follow : 



Powder. 

Diam. 

ift 

- I20lh 

• 22 J feet 

2(1 

- 160 

26 

bd 

- 200 

29 

4th 

‘ - 240 

- 3 if 

ah 

- 280 

33i 

6th 

32© 

30 

7 th 

360 

- 38 


From which experiments it appears that the excava- 
tion, or quantity of earth blown up, is in the fame pro- 
portion with the quantity of powder ; whence the 
charge of powder neceffary to produce any other pro- 
pofed effecl, will be had by the rule of Proportion. 

Misi-Dialy is a box and needle, with a bralii ring 
divided into 560 degrees, with feveral dials graduated 
upon it, commonly made for the ufe of miners* 

MINUTE, is the 60th part ‘of a degree, or of an 
hour. The minutes of a degree are marked With 
the acute accent, thus * ; the fcconds by two, ; 
the thirds by three, The minutes, feconds, thirds, 
3 cc, in time, are-fometimes marked theiame way; but^ 
to avoid confufion, the better way 19, by .the initials of 
the words ; as minutes •'.feconds S thirds 8cc. 

Minute, in Arebitefture, ufuklly denotes the 60th 
part of a m^ule, b^t fomctimcs^nly the 30th part. 

3 MIRROR, 
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mirror, a fpeculum, looking-glaTs, or any polifh- 
eA body, whofc ufc is to rform the images of diftinA 
objcifts by reflexion of the rays of l^ht. 

Mirrors arc either plane^ convex, or concave. The 
flrit fort refleds the rays of light in a diredion cxadly 
fimilar to that in which they fall upon it, and there* 
fore reprefents bodies of their natural magnitude. But 
the convex ones make the rays diverge much more than 
before reflexion, and therefore greatly dlmlniih the 
images of thofc objeds which they cxliibit ; while the 
concave ones, by colleding the rays into a focus, not 
only magnify the objeds they rtiew, but will alfo bum 
very fiercely when expofed to the rays q^rthe fun ; and 
hence they are commonly known by the name of 
huruitig Mirrors, 

In ancient times the Mirrors were made of feme kind 
of metal j and from a paflage in the Mofaic writings 
we learn, that the Mirrors ufed by the Jcwifli women, 
were made of brafs ; a pradicc doubtlefs learned from 
the Egyptians. 

Any kind of metal, when well poliflied, will refled 
very powcr/ully } but of all others, filver refleds the 
moll, though it has always been too expenfive a mate- 
rial for common ufe. Gold is alfo very powerful ; and 
all metals, or even wood, gilt and poliflied, will ad 
very powerfully as burning Minois, Even prdifhed 
ivory, or draw nicely plaited together, will form Mir- 
rors capable of burning, if on a large fcalc. 

Since the invention of glafs, and the application of 
quicklilvcr to it, hare become ^ncrally known, it has 
been univerfally employed for thofc plane Mirrors ufed 
as ornaments to houfes j but in making refleding te- 
kfeopea they have been found much inferior to metal- 
lic oBcs. It does not appear however that the fame fu- 
periority belongs to the metallic burning Mirrors, con- 
lidercd merely, as burning fpcculurns; lilice the Mirror 
with which Mr. Macquer melted platina,' though only 
2 2 inches diameter, and made of quickfilvered glafs, 
produced much greater efkds than M. Villettc’s metal 
Ipcculuin, which was of a niuch larged fize. It is very 
probable, however, that M. Villettc’s Mirrdr was not 
fowell poliflied as it ought to have been j atf the art of 
preparing the metal for taking the fined polifli, has 
but lately been difeovered, and publldied in the Phi- 
lof, 'rranfadions, by Dr. Mudge of Plymouth, and, 
after him, by Mr. Edwards, Dr. Herfchcl, &c. 

'Some of the more remarkable laws and phenomena 
of plane Mirrors, arc as follow ; 

1. A fpedator will fee his image of the fame fivx, 
and cied, but reverfed as to ri^ht and left, and as 
far beyond the fpeculum as he is before it. As he 
int vet to CM* from the fpeculnm, his image will, at the 
fame time, move towards or from the fpeculum alfo on 
the other fide. In like manner if, while the fpedator 
is at red, an objed be in' motion, its image behind the 
fpeculum wiU be feen to move at the fame rate. Alfo 
'wben the fpedator move*, the images of objodsthat arc 
at red unll appear to appioach or recede from him, after 
tlic fame manner as when he moves towards real ob- 
>eds. ' 

3. If feveral Mirrors, or fcvcral fragments or pieces 
of Mirrors, be alldifpofcd in the fame plane, they will 
nnly exhibit an objed once. 

3« If two plane Mirrors, pr fpeculums, meet in any 


angle, the eye, placed within that angle, Will fee the 
image of an objed placed within the lame, as often re- 
peated as there mav be perpendiculars drawn determin- 
ing the places of tne images, and terminated without 
the angle. Hence, as the more perpendiculars, ter- 
minated without the angle, may be diawn as the angle 
is more acute ; the aculcr the angle, the more nume- 
rous -the images. "I'hus, Z. Traber found, at an an- 
gle of one- 3d of a ciicle, the image was repicfentcd 
twice, at lUi thrice, at ^jth five times, and at .j*jth 
eleven times. 

Faitlier, if the Mirrors be placed upright, and fo 
contraded ; or if you retire from them, or approach to 
them, till the images refleded by them coalefce, or run 
into one, they will appear mondroufly didorted. Thus, 
If they be at an angle fomcwliat greater than a right 
one, the image of one’s face will appear with only one 
eye ; if the angle be Icfs than a right one, you will fee 
3 eyes, 2 nofes, 2 mouths, At an angle dill Icfs, 
the body will have two heads. At an angle fomewhat 

f reater than a right one, at the didance of 4 feet, the 
ody will be hcadlefs, See. Again, if the Mirrors be 
placed, thc^ one paiallel to the horizon, th^ Other in- 
clined to it, or declined from it, it is cafy to perceive 
that the images will be Hill more romantic. Thus, one 
being declined from the horizon to an angle of 144 
degrees, and the other inclined to it, a man fees himfclf 
danding with his head to another’s feet. 

Hence it appears how Mirrors may be managed in 
gardens, &c, fo as to convert the images of thofc, near 
them into monders of various kinds ; and fince gl-afs 
Mirrois will rcfle£l the image of a lucid objeft twice or 
thrice, if a candle, 5 cc, be placed in the angle between 
two Mirrors, it will be multiplied a great numfler of 
times. 

La'ws of Convex Mirrors. 

I. In 3' fpherlcal convex Minor, the image is Icfi 
than tlic objedl. And hence the ufe of fuch Mirrors 
in the art of painting, wheie objeds are to be repre- 
knted kfs than tlic life. 

2. In a convex Mirror, the more remote the ohjcdl, 
the kfs its image j alfo the fmaller the Mirror, the leli 
the image. ^ 

3. In a convex Mirror, the right hand is turned to 
the left, and the left to the right ; and magnitudes per- 
pendicular to tlie Mirror appear inverted. 

4. The image of a rlglit line, perpendicular to the 
Mirror, is a right line ; but that ^ a right line oblique 
or paiallel to llie Miiror, is convex. 

5. Kays refleded from a convex Mirror, diverge more 
than if rtflccU'd from a plane Minor ; and the fmaller 
tlic fphere, the more the rays diverge, 

I,aws cf Concave Mirrors. 

The effeds of concave Mimu s are, in general, the 
revtrfe of thofe of convex ones ; rays being made to 
converge move, or diverge Icfs than in plane Mirrors ; 
the image is maguificd,and the more fu as the fphere is 
fmaller j 5 fc, See. 

MITRE, in Archilcdure, is the workmen’s term 
for an angle that is jud 45 degicei, or half a right an- 
glc. if the angle be the half of this, of a quarter 

of a right angle, they call it a haif-mitre, 

Qj • Mixt 
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Mixt AngU^ or Figure, U one contiincd by both 
f%fbt an4-<«urvcd Iinc«. 

Mixt Number, is one that is partly an integer, and 
a frad^ion ; as 3 J. 

Mixt Ratio, or Proportion, is when the fnm of the 
antecedent and confequent is compared with the di/Tcr- 
mceofthe antecedent and confequent ; 


as if 
then 


4 : i 
a i b \ 


12 ; 9 
c : d 


\ 7 : i ; 
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MOAT, in Fortification, a deep trench dug round 
a town or fortrefu, to be defended, on the outfidc of the 
wall, or rampart. 

The breadth and depth of a Moat often depend on 
the natute of the foil; accouUng as it is inarfiiy, 
rocky, or the like. I'he brink of the Moat next the 
rampart, is called the Scarp ; and the oppofitc fide, the 
Couiiteifcarp, 

Dry Moat, is one that is without water ; which 
ought to be deeper than one that lias water, called a 
Wet Moat. A Diy Moat, or one that haa a little water, 
has often a fmall notch or ditch run all along the middle 
•f its bottom, called a Cuvette. 

FUt-bottomed Moat, is that wdilch has no Hoping, its 
•omers being fomewhat rounded. 

Lined IAokt, is that whofe fcarp and counterfearp 
are cafed with a wall of mafon’s w'ork lying aflopc. 

MOBILE, Primum, in llie Ancient Aftronomy, 
was a 9th heaven, or fphere, conceived above thofe of 
the planets and fixed liars. It was ruppofed that this 
wa« the firll mover, and cairied all the low'er fphcrcs 
about with it j by Its rapidity communicating to them 
a motion carrying them round In 24 hours. But the 
diurnal apparent revolution of the heavens is now better 
accounted for^ by the rotation of the earth on its 
axis, without the aflillance of any fuch Primum Mo- 
bile, 

MOBILITY, an aptitude or facility to be moved. 

The Mobility of Nrercury is owing to the fmallncfs 
and fphericity of its particles ; and thefc alfo render its 
iixalion fo difikult. 

The hypoihcfis of the Mobility of the earth is the 
moll plaulible, and is univcrfally admitted by the later 
allronomers. 

Pope Paul V. appointed coromiflloners to examine the 
•pinion of Copernicus touching the Mobility of the 
earth* The rcfult of their enquiry was, a prohibition 
to alTcrt, hot that the Mobility was poflible, but that it 
was really true : that is, they allowed the Mobility of 
the earth tp he held as aohypothcfis, which gives an eafy 
and fcnlible folution of the phenomena of the heavenly 
motions ; but forbade the Mobility of the earth to be 
maintained as a thefis, or real effeftive thing ; bccaufe 
they conceived it contrary to Scripture. 

MODILLION^S, Unall inverted con foies under the 
fcflit or bottom of the drip, or of tlic cornichc, fceming 
to fupport the proje< 5 liire of the larmier, ia the Ionic, 
Compofile, and Corinthian m^ers. 

l^ODULE, or Little Meafure, in Arebitefture, a 
meafure, taken at pleafurr, for regulating the 
pi^pokiuQS of columns^ and the fymmetr^ or diitribu- 


tion of the whole building, Atjjiitedls ufually chobfc 
the diameter, or the femidiameter, of the bottom of tho 
column, for their Module ; which they fubdivide into 
minutes j for eHimating all the other parts of the build- 

^OINEAU, a flat baftion raifed before a curtia 
when it is too long, and the baftions of tlie angles too re- 
mote to be able to defend one another. Sometimes the 
Moineau is joined to thccurtin, and fometimes it is di- 
vided from it by a moat. Here mufquetry arc placed 
to fire each way. 

MOLYNEUX (William), an excellent mathema- 
tician and aftroinomer, was born at Dublin in 1656. Af- 
ter the ufual grammar education, which he had at home, 
he was entered of the univerfity of that city. Here he 
difiiiiguilhecl himfelf by the probity of his manners, as 
well as by the llrength of his parts ; and having made a 
remarkable progrefs in academical learning, and parti- 
cularly in the new philofophy, as it W'as then called, af- 
ter four years fpent in this univerfity, he was fent over 
to London, where he was admitted into the Middle 
Temple in 1675. Here he fpent three years, in the 
lliidy of the laws of his country. But the bent of his 
genius lay ftrongly toward mathematical and philofo- 
phical Andies ; and even at the univerfity he conceived 
a diflike to fcholaAic learning, and fell into the me- 
thods of lord Bacon. 

Returning to Ireland in 1678, he (hortly after manied 
Lucy the daughter of Sir William Domville, theking^s 
attorney-general. Being maAcr of an cafy fortune, he 
continued to indulge himfelf in profecuting fuch. 
branches of natural and experimental philofophy as 
were moft agreeable to his fancy; in which allronomy 
having the greateft Aiarc, he began, about loSi, a lite- 
rary correfpondence with Mr. rlamftecd, the king^s af- 
tronomer, which he kept up for fevcral years. In 1683 
he formed a defign of crefting a Philofophical Society ai 
Dublin, in imitation of the Royal Society at London ; 
and, by the countcnar>cc and encouragement of Sir Wil- 
liam Petty, who accepted the office of prefident, began 
a weekly meeting that year, when our author was ap- 
pointed their firll fecrctary. 

Mr. Molynvux’s reputation for learning recommend- 
ed him, in 1684, to the notice and favoiu- of the firA: 
great duke of Ormond, then lord-lieutenant of Ireland; 
by w'hofe influence chiefly he was appointed that year> 
jointly with fir WilHafn Robinfon, ffirveyor-gcncral of 
the king’s buildings and works^ and chief engineer. 

In i68f, he was chofen fellow of the Royal Society 
at London ; and that year he wT.a fent by the governs 
ment to view the moA confidcrable fortrefifes in Flan- 
ders. Accordingly lie travelled tlnough thai country 
and Holland, w ith, part of Germany and France ; and 
carrying with him letters of recommendation from 
FlamAeed to Caffini, he was Introduced to him, and 
others, the moA eminent aA-ronoraers ia the feveral: 
places through which he palfcd. 

Soon after his return froin abroad, he printed at 
Dublin, in 1686, hisSdotbrrtcum 7 (U/(opiumy containing* 
a Dclcription of the Strudure and Ufc 'of a TtlcfcopK;. 
Dial, invented by him : another edition of which wax 
publifhed at London in 17CO* , 

In 1688 the Philofophical Society of Dublin waa 
biokcn up and difperfed by the confuhon of the times^ 
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Mr. Molyneux had d?j|fnguiflicd hiihfelf as a Member 
of it from the beginning, and prcfentcd fcvcral dif- 
courfes upon ciiriou<» fubjefts; fome of which were tranf- 
mittcd to the Royal Society at London, and afterwards 
printed in the Plillofophical Tratifaiflions. In 1689, 
among great numbers of other Protettants, he withdrew 
fiotn the difUirbances in Ireland, occafioned by the feve- 
vitics of Tyrconner$ government ; and after a fl.prt 
f!sy at London, he fixed himfclf with his family at 
Clicfier. In this retirement, he employed himfclf in 
putting together the materials he had fome time before 
prepcired for hiti Dioptrics^ in which he was much aflillcd 
by Mr.Flamdeed; and in Auguft 1690, h^went to Lon- 
don CO ni!t it to th^i prefs, where the fhccts wcie revifed 
bv Dr/Malley, who, at ourauthor^s requefi, gave leave 
for printing, in the appendix, his celebrated Theorem 
for finding the Foci of Optic Glafies. Accordingly the 
book cameoiit, 1 69^, in 410, under thetitleof 
Nova : a 'Treatifc of Dioptrics, in two parts ; wherein 
the various eul: 6 l 3 and appearances of fphcrical glafics, 
bath convex and concave, fingle and combined, in te- 
lelcopes and microfeope^ togetlrcr with their ufcfulncfs 
in many concerns of human life, are explained.’* He 
gave it Uie title Dwpirica Nova, both bccaufe it W<is 
ahnoll wholly new, very little being borrowed from 
other writers, and becaulc it was the fir 11 book, that ap- 
peared in 1 ' ngiifn upon the fubjedl. Tlie work contains 
iewralof the moil gcnorally uleful propofitions for prac- 
tice, demonfirated in a clear and eafy manner, for which 
real'ou it was for many years u fed by the artificers: 
and the fecoiid pait is very entertaining, efpccially m 
the hillory which he gives of the fevcral optical iullru- 
nients, and of the dilcoveries made by them. 

Before he left Cliefier he loll liis lady, who died foon 
after fhe had brought him a Ion. lllnefs had deprived 
her of her eye light 12 years before, that is, foon after 
hcrmaniagc ; fiom which time Ihe had been Vijry IicIcj- 
ly, andafilidled with great .pains in her head. 

As foon as the public tranquillity was fettled In his 
native country, he returned home ; and, upon the con- 
vening of a new parliament in 1692, was chofen.onc of 
the rcprefciuatives for the city of Dublin. In the next 
parliament, in 1695, he ^s chofen to reprefent the 
univcrfity there, and continued to do fo tq^the end of 
hi3 life ; that learned body haviil|} lately conferred on 
him the degree of doctor of laws. He was likewilc 
nominated by the lord«Ueutcnant one of the commlf- 
fiontra for the forfeited eftates, to which employment 
was annexed a falajw of 500I. a year ; but looking upon 
it as an invidious office, he declined it. 

In 1698, he publifhed “ The Cafe of Ireland Hated, 
in regard' to its being bound by A< 5 l 8 of Parliament 
made in England in which it is fuppofed he has 
delivered all, or moll, that can be fald upon this fub- 
jut, with great cleavneftf and ftrength of reafoning. . 

Among many learned perfons with whom he main- 
tained corrcfpondcnce 2iird friendlhip,. Mr*- Locke was 
in a particular manner dear to him, as appears from 
their letters. In the above mentioned year, which was 
the lad of our author^s life, he made a journey to Eng- 
land, on purpofe to pay a vific to that great man ; 
and not long after his return to Ireland, be, was Ccizcd 
with a fit of the ftonc, wkich terminated fils' exig- 
ence. 


Befidet the three works already m^tionedf vix, the. 
Sciotbtncum Ttkfcofkum^ the Dhpfrka Nova, ana Inc 
Ca/e of Jretand fated ; he publifhed a ^rreai number of 
pieces in the Philofophical Tranla^ions, which arc 
contained in the volumes 14, 15, 16, 18, ij), 20, 21, 
22, 23, 26^ 29, fcvcral papers commonly m e^ch vo- 
lume. 

Molyneux fon of the former, was born 

at Chefter in July 1689 ; and edqcated with great care 
by his father, according to the phn laid down by 
l^ocke on that fubjcdl. When hia father died, he fell 
under the management of his uncle, Dr. Thomas Moly- 
nciix, an excellent fcholar and phyfician at Dublin, and 
alfoan intimate friend of Mr, Locke, who executed his 
trull fo well, that Mr. Molyneux bcc.ime aftei wards a 
moll polite and accomplilhed gentleman, and was made 
fccrctary to George the Jd when prince of Wales, Af- 
tronomy and Optics being his favourite lludics, as they 
had been hia father’s, he projefted many fcltcmcs for 
the advancement of them, and was particularly em- 
ployed in the years 1723, 1724, and 1725, in perfedl- 
iijg the method of making telefcopea ; one ot which 
iiillrumeiits, of his own making, he had prefented to 
John ihe ^‘tU, king of Portugal. 

Being foon after appointed a commiffioner of the 
admiralty, he became fo engaged in public affairs, that- 
he had not leifure to purfue thofe enquiries any farther, 
as he intended. He thciefore gave his papers to Dr. 
Robert Smith, profeffor of ^ftronomy at Cambridge, 
whom he invited to makd ufe of his houfe and appara- 
tus of inllruments in order to finilh what he dind left . 
impetfedl. But Mr. Molyneux dying foon after, Dr. 
Smith loll the opportunity ; he liowevcr fupplied w^hat 
was wanting from M. Huygens and others, and /pub* 
billed the whole in his “ Complete Treatife of Op- 
tics.’' 

MOMENT,, in Time', Is fometimes taken for an 
extremely fmall part of duration j but, more properly, 

It is only an inllant or teimination or limit in lime, 
like a point in geometry. Maciaui'in’s Fluxions, vol. I, 
pa. 245. 

Momfnts, in the new Dodlrine of Infinites, ddnotc 
tlic indefinitely fmall parts of quantity ; or they are the 
fame with what are otherwife called iufinitefimals, and 
di)rer..ucts, or increments and decrements ; being the 
momentary increments or decrements of quantity cunfi- 
derv-tl as in a continual flux. 

Moments arc" the generative principles of miignitudc: 
they have no determined magnitude of their own •, but 
arc only inceptive of magnitude. 

Hence, as it is the lame thing, if, inllcad of thefc, 
Moments, the velocities of their increafes and decreafes 
be made ufe of,, or the finite quantities that arc propof- 
tioUal to fuch velocities ; the method of proceeding 
which confiders the motions, changes, or fluxions of 
'quantities, is denominated, by Sir liaac Newton, the 
Meihori of Fluxions, 

Leibnitz, and mod foreigners, confidtring thefc infi- 
nitely fmall parts, opinfinltefimals, as the differences of 
two quantities ; and theucc endeavouring to find the 
differences of qaantitics, i. c. fome Moments, or quan- 
tities indefinitely fmall, which taken an infinite nnmbcr 
o£ times IbaU.cqtrol given quantiiki; call tbefe Mb- 
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nsenti, Diffenence*; and the method of procedure, the 
Differential Calculus. 

MoM£N'Tp ox Momentum^ in Mechanics, is the fame 
thin^ mth Impetus, or the quantity of motion in a 
moving txxly. 

In comparing the motions of bodies, the ratio of their 
Momenta Is always cornpounded of the quantity of 
matter and the celerity of the moving body : Co that 
the raomenttim of any fnch body, may be coiifidered as 
the reilanglc or product of the quantity of matter and 
the velocity of the motion. As, if denote any Ixidy, 
or the quantity or mafs of matter, and v the velocity 
of its motion ; then 6 v will exprefs, or be propcational 
to, its Momentum m, Alfo if B be another body, and 
V its velocity ; then its Momentum M, is as BV. So 
that, in general, M : : BV : i. e. the Momen- 

ta are as the piodnt^s of the mafa and velocity. Hence, 
if the Momenta M and m be equal, then inall the two 
piolu^^s JiV and be equal alfo; and confequcntjy 
B : ^ : V : V, or tlie bodice will be to each other in 

the inverfe or reciprocal ratio of thcii velocities; that is, 
either body iafo much the greater as its velocity islcfs. 
And this force of Momentum Is of a different kind 
from, and incomparably gre-ter than, any mere dead 
weight, or prefTyre, whatever. 

^I'hc Momentum alfo of any moving body, may be 
confideicd as the aggregate orfum of all the Momenta 
of the parts of that body ; and therefore when the mag- 
nitudes and number of particles arc the fame, and alfo 
moved with the fame celerity, then will the Momenta 
of the wholes be the fame alfo. 

MONADES. Digits. * 

MONOCEl^S, the Utiicorn, one of the new con- 
(lellations of the northern hemifphere, or one of thofe 
which Hcvcliiis has added to the 48 old aflcrifms, and 
formed out cf the fttllx informes, or thofe which were 
not comprized within the outlines of any of the others. 
In Hevelivis's catalogue, the Unicorn contains i9ftar8, 
but in the Britannic catalogue 3 1 . 

MONOCHORD, a mufical Inilrument with only 
one firing, uftdby the Ancients to try the variety and 
proportion of founds. It was formed of a rule, divided 
and fiibdivided into fcveral parts, on which there is a 
moveable ftring ftretched over two bridges at the ex- 
tremes of it. Tn the interval between tlu fe is a Aiding 
or moveable bridge, by means of which, in applying it 
to the different divlfions of the line, the founds arc 
found to bear the fame proportion to each other, us the 
divitioHi of the line cut by the bridge. This inlhumcnt 
is alfo called the harmanlral canen, or the cunonical ruk, 
bccaufe it ferves to meafute the degrees of gravity or 
tcutenefs. Ptolomy examines his harmonical intervals by 
the Monochord. When the chord v^as divided into two 
equal pxits, fo that thp parts were as i to i, they crdled 
them / but if they were as a to i, they called 

them oSdvsi or diafaf^ni ; when they were as 3 to 2, 
they called tfinpenies, oxjiftkst if they were at 
4 to 3, they called them diatenaront, or fourths ; if the 
parts were as 5 to 4, they called them diion, or majors 
third ; but if they were ra 6 to c , they were called a 
Jtm-ddoH, or mlnor^third ; and lauly, if the parts w'cre 
as ^ to 2^, a dimttone, or du%i* 

Tnc Mooochord, being thus divided, was properly 
wbat they cidled a fyffenv of which tlicrc were many 
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kinds, according to the <iiffcr||t divifiopa of the Ma* 
nochord. 

Monochord is alfo ufed for any mufical inftrument 
conAltiiig of only one chord or ,llnng. Such is the 
Trump-marine. 

MONOMIAL, in Algebra, is a Ample or Angle no- 
miaI,conAAing of only one term ; as a ox'o^, ora^hx^, See, 
MONOTRIGLYPH, a term in Architedure, de- 
noting the fpacc of one triglyph between two pilaftcrs^ 
or two columns. 

MONSOON, a regular or periodical wind, that 
blows one way for 6 months together, and the con- 
trary way the other 6 months of the year. Tlicfc 
prevail in feveral parts of the eaAeni and fouthern 
oceans. 

MONTH, the 12th part of the year, and is fo 
called from the Moon, by wliofe motions it w'as re- 
gulated ; being properly the time in wdiich the moon 
runs through the zodiac. The lunar Month is cither 
Illuminative y pertodicaly or fynodical. 

Illuminative Month, is the interval betw^een the 
Aril appearance of one new moon and that of the next 
following. As the moon appears fometimes fooncr 
after one change than after another, the quantity of the 
Illuminative Month is not always tlie fame, Tlic 
Turks and Arabs reckon by this Month, 

Lunar Periodical Month, is the time in which the 
moon runs through the zodiac, or retuins to the fame 
point awln ; the quantity of which is 27ddys ';hr8 
43m. 8 fee.* 

Lunar Synodical lAo^irHy called alfo a I^unation, is 
the time between two conjuadious of the moon 
with the fun, or between two new moons ; the quan- 
tity of which is 29 days, 12 hours, 44m, 3ftc. ir 
thii ds. 

The ancient Romans ufed Lunar Months, and made 
them alternately of 29 and 30 days: They marked 
the days of each Month by three terms, viz, Calends, 
Nones, and Ides. 

Solar Month, is the time in which the fun runs 
through one entire fign of the ecliptic, the mean quan- 
tity of which is 30 days 10 hours 29 min. 5 fee. being 
the i2th part of 365 ds. 5 hrs, 49 min. the mean folar 
year. 

AJlronomical or Natural Month, is that meafured 
‘by fome cxa<^ interval correfpouding to the motion 
of the fun or moon. Such are the lunar and folar 
months above-mentioned. 

Civil or Common Month, is an interval of «t certain 
number of whole days, approaching nearly to the 
quantity of fome aftronomical month. Thefc may be 
either lunar or .foliir. The 

Civil Lunar Month, confiAs alternately of 29 and 

30 days. Thus will two Civil Months be equal to 
aAronomical ones, abating fbr the odd mmutes ; 'and 
fo the new moon wiA be Icejit to the Arft day of fuch 
Civil Months for a long time together. This was the 
Month in Civil or common ufc among the Jews, 
Greeks, and Romans, till the time of Julius Capfar. The 

Cml Solar Month, conAAed alternately of 50 and 

31 days, excepting one Month of the twelve^ which 
connfted only of 29 days, but every 4th year of 50 
dayi. And this form of Civil Months was introduced 
by Julius Csefar. Under Auguflus, the 6th Month, 

till 
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tin then from its plaqf called 8«tni8, received the 
name now Augiift, In honour of that 

pnnee ; and, to make the compliment ftill the greater, 
a day was added to it ; which made it confilt of 3 1 
days, though till then it had only contained 30 clays ; 
to'compcnfute for which, a day was taken from Fe- 
bruary, making it confill of 28 days, and 29 every 4th 
year. And Aich are the Civil or Calendar Months now 
ufed through Europe. 

MOON, Limat , one of the heavenly bodies, being 
a fatcllite, or fecondary planet to the earth, confidercd 
as a primaiy planet, about which fhc revolves in an 
elliptic orbit, or rather the earth and Moon revolve 
about a common centre of gravity, which is as much 
nearer to the earth’s centre than to the Moon’s, as the 
mafs of the former exceeds that of the hitter. 

The mean time of a revolution of the Moon about 
the earth, from one new moon to another, when fhe 
overtakes the fun again, is 29d. I2h. 4|m. 33. nth. ; 
but ihe moves once round her own orbit in 27d. yh. 
43m. 88. moving about 2290 miles every hour; and 
turns once round her axis exa^ly In the time that fhe 
goes round the earth, which is the rcafon that (lie 
fhews always the fame fide towards us ; and that her 
day and night taken together arc jiill as long as our 
lunar month. • 

The mean diftance of the Moon from the earth is 
radii, or 30:^ diameters, of the earth ; which Is 
about 240,000 miles. The mean exceutricity of her 
orbit is or ^'^th nearly of her mean diflance, 

amountinjf to about 13,000 miles. 

The Moon’s diameter is to that of the earth, 
as 20 to 73, or nearly as 3 to ii, or i to 3’, ; and 
therefore it is equal to 2180 miles: her mean appa- 
rent diameter is 31' 16"}, that of the fun being 
32' 12''. The futface of the Moon is to the furfacc 

the earth, as i to 13^, or as 3 to ^0 ; fo that the 
earth rcflciSts 13 tinies as much light upon the Moon, 
as Hie docs upon the earth ; and the folid content to 
that of the earth, as 3 to 146, or as i to 48 5. The 
denfity of the Moon’s body is to that of the earth, 
as 5 to 4 ; and therefore her quantity of matter to that 
of the earth, as i to 39 very nearly ; the force of gra- 
vity on herifurface, is to that on the earth, as 100 to 
293. The Moon has little or no difference of feafons ; 
becaufe her axis is almofl perpendicular to the ecliptic. 

Phenomena and Phafrs of^ the Moon. The Moon 
being a dark, opacpic, Iphencal body, only fhining with 
the light fhe receives from the fun, hence only that 
half turned towards 'him, at any inflant, can be illu- 
minated, the oppofitc half remaining in its native dark- 
nefs: then as the face of the Moon vifiblc on our 
earth, is that part of her body turned towards us ; 
whence, according to the various pofitions of the 
Moon, with refpeft to the earth and fun, we perceive 
different degrees of illumination ; fdmetimes a large 
and fometimes a lefs poHion of the enlightened furfacc 
being vilible ; And hence the Moon appears fometimes 
increafing, then waning ; fometimes norned, then half 
round ; iometimes gibbous, then fiiU and round, ^his 
may be'eafily flluftratcd by means of an ivory ball, 
which being before a candle in various pofitions, will 
prefent a greater or lefs portion of its illuminated he- 
mifphcre to the view of thjc obfenrer, according to ita 
fituation in moving it round the candle. 


The fame phafes may be othcrwire exhibited thus 
Let S reprefent the fun, T the earth, and ABLD See 
the Moon’s orbit. (Plate xv, fig. 3.) Now, when the 
Moon is at A, in conjunftion with the fun S, her 
dark fide being entirely turned towards' the earth, fhe 
will be invifible, as at a, and is then called the new 
Moon. AVhen (he comes to her firff octant at B, or 
has mil through the 8th part of her orbit, a qiimter 
of her enlightened hcinifphere will be turned towards 
the earth, and Ihc will then appear horn<‘d„ as at h. 
When Ihe has run through the quarter of her orbit, 
and arrived at C, fhe fhews us the half of her en- 
lightened hcmifphere, as at r, when it is f lid llie is one 
half full. * At D fhe is in lier 2d octant, and by 
fhewlng us more of her enlightened hemifj)herc than 
. at C, fhe appears gibbous, as at d. At her oppofrtion 
at E her whole enlightened fide is turned towards the 
earth, when fhe appears round, as at r, and fhe is faid 
to be full ; having incrcafed all tlic way rou’ud from A 
to E. On the other fide fhe dccreafes again all the way 
from E to A : thus, in her 3d odlant at F, part of her 
dark fide being turned towards the earth, file again ap- 
peals gibbous, as at f. At G flie appears flill farther 
decrcafed, fhewing again juft one half of her illumina- 
ted fide, ns at But when fhe comes to her <jtli 
o^lant at H, file prefents only a quarter of her en- 
lightened hcinirphere, and fhe again appears homed, ai 
at /►. And at A, having now completed her couife, 
fhe again difappears, or becomes a new moon again, ai 
at firlK And the earth prefents all the very fame 
phafes to a fpc£lator in the Moon, as fhe does to us, 
but only in a contrary order, the one being full when 
the other changes, &c. # 

The Motions of the Moon arc moll of them very ir- 
regular, and very confidcrably fo. The only equable 
motion fhe has, is her revolution on her own axis, in 
the fpace of a month, or time in wliich fhe moves 
round the earth ; which is the reafon that (he always 
turns the fame face towards us. 

This expofure of the fame face is not fo uniformly 
fo however, but that fhe turns fometimes a little 
more of the one fide^ and fometimes of the other, called 
the Moon’s Libration ^ and alfo fhews fometimes a 
little more towaids one pole, and fometiirres towards 
the other, by a motion like a kind of Wavering, or 
Vacillation. The former of thefe motions happens 
from this : the Moon’s rotation on her axis is equahJe 
or uniform ; while her motion in her orbit is unequal, 
being quickcll when the Moon is in her perigee, and 
flowcfl when in the apogee, like all other planetary mo- 
tions ; which caufes that fometimes more of one fide is 
turned to the earth, and fometimes of the other. And 
,the other irregularity arifes from this : that the axis of 
the Moon is not perpendicular, but a little inclined to 
the plane of her orbit : and as this axis maintains its 
paraUeUfm, in the Moon’s motion round the earth ; 
It muft nccefiarily change its fituation, in rcfpc^l of an 
obfervir on the earth ; whence it happens that fome- 
times the one, and fometimes the other pole of the 
Moon becomes vifible. 

The very orbit of-thc Moon is changeable, and docs 
not always perfeverc in the fame figure : for though her 
orbit be elbptic^, or nearly fo, having the earth in one 
focus, the excentricity of the ellipic is varied, being 
fometimes incrcafed, and fometimes dimini/hed \ vi^, 

being 
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being greatc{{ when the line 6f the apfei comcidc*? 
whU that of the fyzygicHf anH Jcail when thjiv.* 
arc- at right angfes to eac/j other. 

Nor i& the apogee of the Moon without an 
Lirity ; being found to move forvvaid, v. hen it coi.nuhM 
with the line of the fyzygiei; and backwanl, wi.oii it 
cuts that line at right angler.. Neither i» this :l.i 
or reliefs unitbim^ for in ilie conjunction m niv.. li- 
tioh, It goes brilkly foiward; and in t(u i^unvlc.it ui'. 
it tither moves llowly forward, Hands ildl, or go* s 
backward. 

'^i’he motion of the nodes ia alfo varuldc ; being 
<qnitkw.'r and (hrvtr in dtlfeici’t pofitiono 

The Phvfii'il C.nujt' r^f the Moun’s about tlu 

railh, is iljc Lm.j as tiiat of all the primary jiai-iJ 
ahont the fun, and of the fattllitos about their pnini- 
rie-s, \iz, the imiLual attradtion btUvceii the cartfi and 
Moon. 

As for the particular ine*gnla*-Ities in the Moon’s 
motion, to which tlie earth and other ])k\nels are not 
fuhjedl, they aiife from the fun whicli adds on, aiul 
diiluibs her in her ordinaiy coiiile througli her oibit ; 
and are all iiKclianically deducible from the lame great 
law by whicli her general motion is directed, \iz, the 
law of gravitation «ind atiiactlon. The other fe- 
conditiy planets, ns thofe of Jupiter, Saturn, are 
ulfo fubjeCk to tlic like irregularities vvifli Ihe Moon; 
Rft they are expofedto the fame poituvbatingor dillurb- 
ing fuice of the fun ; but their dillancc fecures them 
from b9ing fo greatly afTccted as the Moon is, and alfo 
from being fo M'cll obfcivcd by us. 

For a famiiar idea of this matter, it mull^rilbe 
conlidcred, thalWf tha fun udlcd equally on the caith 
and Moon, and always in parallel lines, this action 
would ferve only to rcflraiu them in their annual mo- 
tions round the fun, and no way' affcifk thdr adlions 
on each other, or their motions about their common 
centre of gravity. But becaufc the Moon is nearer the 
fun, in one half of her orbit, than the earth is, but 
f.irther off in the other half of her orbit ; and bccaufe 
the power of gravity is always lefs at a greater dif- 
tnnee ; it folloAvs, that jn one half of her orbit the 
Moon is more attra£Ved than the earth towards the 
fun, and lefs attrafled than the eailh in the other 
half ; and hence irregularities necefTanly arife in the 
motions of the Moon; the cxccfs of attrafti^m in the 
full cafe, and the defecl in the fecond, brooming a 
force that dillurhs her motion: and hefidcs, I'uc arfion 
of the fun, on the earth and Moon, is not dired( d in 
parallel lines, but in lines that meet in the cc '.trv of 
the fun; which makes tlie elFedl of the diftiulung 
force Hill the more complex and cinbarrafling. Ami 
hence, as well a« from the various fituations of the 
Moon, arife the numerous uTegulantics in her mo- 
tions, and the equations, or corrcAions, employed in 
caiculailng her place?, &c. 

Newton, as well as others, has computed the quan- 
tities of thefe irregularities^ from their caufes* He 
finds that the force added to the ^rpvity of the Moon 
in her quadtaluics, is to the gravity with which (he 
would revolve m a circle about the earth, at her pre- 
fent mean tllilance, if the fun had no effeft on her, 
as i to 1 78^^: he finds that il\e force fubdu^lcd 
Jkom her gravity In.ibt conjun^ioni and oppofiUons^ is 
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double of this quantity ; and that the area deferibed 
in a given lime in the quarters, is to the area deferibed 
hi the lame time in 'the conjundions aod oppofition$, as 
10973 U) 11073 • Dibit, 

her di'bmce from the Cartli in her quarters, would be 
to her diltance in the conjiinOiuns and oppclitions, aa 
70 to 69. Upon thefe irrcgiihuiliea, fee Maclaurin’s 
Account of Newton’s Difeov^erics, book 4, chap. 4 ; 
'c'l a’.fo nicH bocks of allrononiy. Other particulars 
ickiing to the Moon’s inoticns, have been Hated as 
toil.ivv : The power of the Moon’s infiucncc, as to the 
tides, is to llint of the fun, as to i, according to Sir 
I. Neivton ; but ditiuu.t accoukng to others. 

As to the future of the Moon, fuppiding her at fiiH 
to have been a fluid, like tlic fee, Newton calc mk tes, 
tk 't the caitli’s atti action v.oukl raife the water there 
Ui ar 90 tut high, as the atlraciion of the Moon raifes 
( ur lea 12 teet : whence the ligiirc of the Moon inuH 
be a Iphcrtud, whofe greatell diameter extended, will 
pafs tinough the ct ntic of liie earth ; and will he longer 
than the orlier diameter, perpendicular to it, by ido 
feel; and hcr.ee it comes to pafs, that w-e always fee 
the fame face of the Moon ; for Ihc cannot reH in any 
other pofition, but always endeavours to conform hcr- 
Iclf to this lituation : Fiiiicip. lib. 3, prop. 38. 

Newton cHimatts the mean apparent diameter of the 
Moon at 32' 12'" ; as the fun is 31' 27". 

The denfity of the Moon lie eoneludes is to that 
of the earth, as (9 to 5 nearly ; and that tlic mafs, or 
quantity of matter, in the Moon, is to that of the 
earth, as i to 26 nearly. 

The plane of the Moon’s orbit is inch’ncd to that of 
the ecliptic, and makes with it an angle of about 5 
degrees: but this inclination vanks, hcii.g grcatclh 
when Ihe is in the quarters, and lead wlien in her 
fyzygies. 

As to the inequality of the Moon’s motion, Hie 
moves fwifter, and by the radius drawii frem her to the. 
earth deferibes a gUuter area in propodiun to the time, 
alfo has an orbit ic ti, ciuved, anil by tha* means comes 
nearer to the earth, in her fyzy^rics orcoiijun 61 :ions, than 
ill the quadratures, imlefs the motion of her eccentricity 
hinders it : wliich eccentricity is the greatell wlicn the 
Moon’s apogee falls in the conjundlion, but Icall when 
this falls in tlie quadratures; her motion is alfo fwifter 
in the earth’s aphelion, Uian in its perihelion. The 
apogee alfo goes forward fwifter in the conjundion, 
and goes flower at the qindiatiircsr but her nodes arc 
at rail in the conjundious, and recede fwifteH of all 
in the quadiatures. 

The Mci.ii alfo perpetually changes the figure of 
her orbit, or the fpecies of the ellipfe Ihe moves in. 

There are alfo fome other inequalities in the motion 
of this planet, which it is veiy diilkult to reduce to any 
certain rule: as the velocities or horary motions of 
the apogee and nodes, and their equations, with. the 
difference between the greatcH eccentricity in the con- 
jundions, and the lealt in the quadratures ; and that 
inequality which is called the Variation of the Mopn. 
All 4 licfc do incrcafe and decreafe annually, ip a tri- 
plicate ratio of the apparent diameter of the fun t and 
this variation is increaled and diminiflicd in a duplicate 
ratio of the time between jthe quadratures ; as is proved 
by Newton in many parts jaS ois Princlpia. 
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tic alfo found that the apogees m the Moon’s 
fyzygies, go forward in refped of the fixed flars, at 
the rate of 23' each day; and backwards in the qua- 
dratures i6'{ per day : and therefore the mean annual 
motions lie efhniates at 40 degrees. 

The gravity of the Moon towards the earth, is in- 
creafed by the adion of the fun, when the Moon is in 
the quadratures, and diminifhed in the fyzygies : and, 
from the fyzygies to the quadrature, the gravity of the 
Moon towards the earth is continually iiicreafed, and 
fhe is continually retarded in her motion : but from 
the quadrature to the fyzygy, the Moon’s motion is 
perpetually diminiflicd, and the motion in her orbit is 
accelerated. 

'fhe Moon is Icfs dillant from the eartli at the 
fyzygies, and more at the quadratures. 

As radius is to | of the fine of double the Moon’s 
dillancc from the fyzygy, fo is the addition of gra- 
vity in the quadratures, to the force which accelerates 
or retards the Moon in her orbit. 

And as radius is to the fum or difference | the 
radius and I the cofine of double the diftance of the 
Moon fiom the fv/ygy, fo is the addition of gravity 
In the quadratures, to the decreafe or iucreafe of the 
gravity of the Moon at that diilancc. 

The apfes of the Moon go forward when fha is in tlie 
fyzygies, and backward in the quadratures. But, in 
a whole revolution of the Moon, the progrefs exceeds 
the regicfs. 

In a whole revolution, the apfes go forward the failed 
of all when the line of the apfes is in the nodes ; and 
in the fame cafe they go back the flowed of all in the 
fame revolution. 

When the line of the apfes is in the quadratures, 
the apfes are carried in confequciuia, the lead of all 
in the fyzygies ; but they return the fvvifted in the 
quadiaturcs *, and in this cafe the regrefs exceeds the 
piogrcfs, in one entire revolution of the Moon. 

The eccentricity of the orbit undergoes various 
diangcs every revolution. It is the greated of all 
when the line of the apfes is in tlie fyzygies, and the 
lead when that line is in the quadratures, 

Confidering one entire revolution of the Moon, 
exteris paribus, the nodes move in antecedentia fvvifted 
of all when die is in the fyzygies ; then flower and 
flower, till they are at red, w'hen flie is in the qua- 
dratures. 

The line of nodes acquires fucccITively ’all pofliblc 
fituations in refpeft of the fun ; and every year it goes 
twice through the fyzygies, and twice through the 
quadratures. 

In one whole rcv'olution of the Moon, the nodes go 
back very fad when they arc in Uie quadratures ; then 
flower till they come to red, when the line of nodes 
is in the fyzygiek 

The inclination of the plane of the orbit is changed 
by the fame force with w'hich the nodes arc moved; 
being increafed as the Moon recedes from the node, 
and diminilhed as Ihc approaches it. 

Tlie inclination of the orbit is the lead of al^when 
the nodes arc come to the fyzygies. For in the mo- 
tion of the nodes from the fyzygies to the quadratures, 
and in one entire revolution of the Moon, the force 
>»hlch increafet the inclination exceeds that which di* 
Vou II. 


miiiiihcs it.; therefore the inclination isincrcafed; and 
it is the greated of all when the nodes arc in the qua- 
dratures. 

The Moon’s motion being coniidcred in general ; 
her gravity towards the eaith is dimtniflied coming 
near the fnn, and the periodical time is the greatcil ; 
as alfo the didance of the Moon, cjetcris paribus, the 
greated when the earth is in the perilitlion. 

All the errors in the Moon’s motion are fomething 
greater in the conjundlioii than in the oppofition. 

All the didurbiiig forces are inverfely as the ^uhe of 
the didance of the fun from the earth ; which wdien it 
remains the fame, they are as the didance of the Moon 
from the earth. Cor.lideiing all the didurbing forces 
together, the diminution of gravity prevails. 

The figure the Moon’s ^ath^ about the earth, is* 
as has been faid, nearly an clUpfe ; but her path, iu 
moving, together w'ith the earth about the fun, is made 
up of a feries or repetition of epicycloids, and is in, 
every point concave towards the earth. See Maclaurin’s 
Account of Newton’s Difeov. pa. 336, 4to. Fergu- 
fou’s Adron. pa. 129, &c ; and Rowe’s Flux. pa. 225,. 
edit. 2. 

jljlronomy of the Mooh. 

To Jetei'mhie the Periodical and Synodical Months ; or 
the period of the Moon’s revolution about the earth, 
and the period between one oppofition or conjundion 
and another. 

In the middle of a lunar eclipfc, the Moon is in dp- 
pofltion to the fun : compute therefore the time be- 
tvvceii^tvvo fuch cclipfes, at fome toiilidcrable diilancc 
of time from each other ; and divide^tliis by the num- 
ber of lunations that have pafled in the mean time ; fo 
(hall the quotient be the quantity of the fynodical 
niontli. Compute alfo the lun’s mean motion during 
the time of this fynodical month, which add to 360®. 
Then, as the fum is to 360®, fo is the fynodical to the 
pcriodicJil month. 

For example, Cpperniciis obferved two cclipfes of 
the Moon, the one at Rome on November 6, 1500, at 
12 at night, and the other at Cracow on Augud r, 
1523, at 4)1. 25 min. the dtf. of meridians being 
oh. 29min. : hencC the quantity of the fynodical month 
is thus detenoiacd : 

• ad Obferv. 1523^ 237^ 4** 25"“ 
id Obferv. 1500 310 o 29 


Difference 22 292 3 56 
Add intercalary days 5 

Exa6l interval - - 22 297 3 56 

which divided bv 282, the number of lunations id that 
time, gives the {ynodical month 29** 12** 41 

From tw'o other obfervation.s of eclipfcn, the one at 
Cracow, the otlier at Babylon, the fanre author deter- 
mines more accurately the quantity of the fynodical 
month to be 29“ 12" 43*“ &c ; and from other ob- 
fcrvatioiis, probably move accurate dill, the fame la 
fixed at 29* 12" 44’“. 

The fun’s mean motion in that rime 29® -6' 24" 1 8"', 
added to 36o®,givestheMoon*8au>tion 389 6 24 18} 

Therefore the periodical month «» 27^ 7** 43*“ 5 ; 

R Accot^og 
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Acobfdinff to the obrervationt oS Kepler, 
tbe mean ^nodical month is 29“ I2'‘ 44'*' 3* 2‘^ 

and the mean periodical month 27 7 43 d 

Hence, r, tiie quantity of the periodical month be- 
ing given, by the rule of three arc found the MooiiN 
diurnal or horary motion, 8 cc ; and thus may tables of 
ihc mean motion of the Moon be conftructed. 

2. If the mean diurnal motion of the fuii be fubtra6l- 
(xl from that of the Moon, the remainder will give the 
Moon’s diwmal motion from the fun : and thus may a 
table of thib moiiou be conltni^led. 

3. Since the Moon is in the node at the time of a 
total cclipfc, if the fun’s place be found for that time, 
:iiid 6 figns be added to the fame, the fuin will give the 
pl.icc of that node. 

By comparing the ancient oliferv at Ions with the 
modern, it appears, that the nodes have a motion, and 
that they proceed in antecedenha, of backwards from 
ramus U) Aries, from Aries to PifeC'j, &c. Thcrc- 
Dic if the diurnal motion of the nOde‘fi be rrdded to the 
Moon’s diurnal motion, the fum will be the motion of 
he Moon from the node; and tlhmccb^''* the rule of 
hree, may be found in what time the Moon goes 360^ 
Torn the dragon’s head, or afeending node, or In what 
ime Ihc goes from, and returns to it j that is, the 
quantity of the Draco'ntic Month. 

' 5. Il the motion of the apogee be fubtra£ted from 
he mean motion of the Moon, the remainder will be 
he Moon’s mean motion from tl>c apogee ; and hence, 
iy the rule of three, the quantity of the Anomalillic 
rionth is determined. 

Thus, according to obfervations, 

The mean fynodical month is 29** 12 '‘44’" 3* 2^** 

Phe periodical month - 27 7 43 8 

Phe place oP the apogee for the 1 ^ <7 ' i" 

year 1 700 fan. i old llylc, was J ^ ' 

The place of the afeending node 4 27 39 17 

4can diurnal motion of the Moon . 13 10 35 

I){umal motion of the apogee . . 6 41 

l')lunial motion of the nodes . . 3 * * 

I'boref. diurnal mot. from the latter . 13 13 46 

\ud the diurnal motion from 1 
the a}«igee j • 3 3 54 

[^ailly, the eccentricity is 4362, of fuch parti as the 
emidiarheter of the eccentric is 100,000. 

To find nearly the Moon’s Age or Change, 

To the q>ad add the number and day of the month j 
heir fum, abating 30 if it be above, is the Moon’s age; 
md her age taken from 30, ihews the day of the 
:hange. 

The numbers of the months, or monthly epa<5\s, arc 
die Moon’s age at the beginning of each month, when 
;hc folar and lunar years begin togctlier ; and arc thus : 

02 1 % 345 688 10 lo 

|«o. Feb. Mar. Ma. Jun. Jul. Auf. Sep. Oft. Nov. Dec^ 

For Ex. To find the Moon's age the 14th of 
1.783. 

Here, tlic epaA is t6 

Number of the month 8 
Day of the month 14 
The fum i» 4%^ 
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Subtraft or abate 30 
Leaves Moon^s age 1 8 
Taken from 30 

Days till the change i z 
Anf\Vcrilig to Od. 26 

To find nearly the Moon’s Southings or coming 
the Meridian. 

Take f or of her age, for her foutbing nearly; 
after noon, if it be Icfs than 12 liours ; but if greater,, 
the cxccfs is the time after lall midnight. 

For Ex. Get. 14, 1783 ; 

The Moon’s age is 18 days 
of which is 14*4 or 14** 24” 

Subtract - 12 00 

Rem. Moon’s foutbing 2 24 in the morning. 

Mr. Fergufon* in hia Selc^I Exercifes, pa. 135 5:c, 
has given very cafy tables and rules for finding the new 
and full Moons near enough the truth for any commoa- 
almanatl. But the Nautical Almanac, which is now 
always publifhtd for fcveral years before hand, in a 
great rncafurc fupcrfcdcs the nceeflity of thefe and other 
lucb contrivances. 


0 / the Spots and Movntatns iffc in the Moon. 

The face of the Moon is greatly diverfificd with in- 
equalities, and parts of different colours, feme brighter 
and fome darker than the other parts of her dife. When 
viewed through a tchfeope, her face is evidently diver- 
fified with hills and valleys : and the fame is alio (licwn 
by the edge, or border of the Moon appearing jagged, 
when fo viewed, efpecially about the confines of the 
illuminated part when the Moon is either horned or 
gibbous. 

I'he aftronomers Florcnti, Langreni, Hcvelius, Gri- 
maldi, Riccioli, Caffini, and De la Hire, &c, have 
drawn the fkce of the Moon as viewed through tele- 
fcopcs ; noting all the more fhining parts, and, for 
the better diflindion, mai*king them with fome proper 
name; fome of thefe authors calling them after the 
name! of philofophcrs, aftronomers, and other eminent 
men ; while others denominate them, from the known 
names of the different countries, iflands, and feas on 
the earth. The names adopted by Riccioli how- 
ever are moflly followed, as the names of Hipparchus,, 
Tycho, Copernicus, Sac, Fig. 4, plate xv, is a pretty^ 
cxa6f reprefentation of the lull Moon in her mean li- 
bration, with the numbers to the principal fpots accord- 
ing to Riccioli, Caffini, Mayer, &c, which denote the* 
names as in the following Liil of them : ,alfo the alterilk* 
refers to one of the volcanoes obfervedby Herfchcl.. 


1 

2 

3 

4 

I 

7 


Hcrfchcl’a Volcano 
Grimaldi 
Galileo 
Ariftarchus 
Kepler 
Gaffendi 
Schikard. 

Harpalua 


8 Heraciidet 

9 Lanlberg. 

10 Reinhold 

11 Copcmiciit. 


12 Helicon 

13 Camianus 

14 Buliiald 

15 Eratofthencs 

16 Timocharis 
L7 Plato 

1j 8 Archimedes 

19 Infula Sinus Medii^ 

20 Pitatns 

2 1 Tycho 

22 Eudoxus 

23 Ariftotic 


24. Ma^r 
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»4 $6 ekomedci '' 

, 5 Mcnelattt 57 Shell and Funirt 

"6 Hermes 38 l^ctavius 

^7 Poflidottim 39 Langrenug 

8 Dionyfiua 40 Tafuutius 

29 PKny A Mare Humorum 

f Cathanna Cyrillus, B Marc Nubiiwn 

I Tbeophilus C Marc Imbrkim 

3 1 Fiacaitor D Mare Neftaris 

f Promantonumacutum,E Mare Tranguilitatii 
Cenforimis F Mare Scremtatis 

33 Mcffala G Marc Foecunditatis 

34 Promontorium Somnii H Mare Crifium 

35 Proclus 

That the fpots in the Moon, which are taken for 
mountains and valleys, are really fuch, is evident from 
their fliadows. For in all fituations of the Moon, the 
elevated parts arc conllantly found to caft a triangular 
(badow in a diredlion from the fun ; and, on the con- 
tiary, the cavities are always dark on the fide next the 
fun, and illuminated on the oppofite one ; which is 
exadly conformable to what we obferve of hills and 
valleys on the earth. And as the tops of thefe moun- 
tains are conliderably elevated above the other parts of 
the fnrface ; they are often illuminated when they are 
at a confiderable dillance from the confines of theen- 
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'ttilc in their per|Kifidictilar clcvadon.** And '’ this fs 
confirmed by the meafurement of feverM mount;tins, 
as may be feen in the ph(;e abov’C qtfirted. 

As the Moon has on her fnrfact nAotintaittS and 
valleys in common with the earth, fome modeni afinv- 
nomers have difeovered a ftill greater fimtlatiiy, vi//, 
that fome of thefe are really volcanoe^i, emitting fnc 
as thofe on the earth do. An appearance of this kind 
was difeovered fome few years ago by 'Don llHoa in 
an cclipfc of the fun. It was a fmall bright foot like 
a ftar near the margin of the Moon, and which he at 
that time fuppofed to be a hole or, valley with the 
fun’s light fltining through it. Succeeding obferva- 
tions, however, have induced allronomers to attiibute 
appearances of this kind to the -eruption of volcanic 
fire ; and Mr. Hcrfchel has particularly obferved feve- 
ral eruptions of the lunar volcanos, the lail of whicli 
he gives an account of in the Philof, Tranf. for 
April *19, 10 h. 36m* fidcreal time, I perceived, fays- 
he, three volcanos in different places of the dark part: 
of the new Moon. Two of them are either already 
nearly extind, or othenvife in a Hate of going to break 
out ; which perhaps may be decided next lunation.- 
The third fhews an a£fual eruption of fire or lumi- 
nous matter ; its light is much brighter than the nu- 
cleus of the comet vdiich M. Mecharn difeovered at Part* 


lightened hemifphere, and by this means afford U8 a me- the loth of this month.” Tire following night he found 
thod of determining their heights. it burnt with greater violence ; and by mcafiirement he 

I’hus, let ED be th^ Moon’s found that the fliining or burning matter muH be 

diameter, ECD the boundary S more than 3 miles in diameter; being of an irregulelr 

of light and darknefs ; and A round figure, and very fliarply defined on the edges, 

the top of a hill in the dark \ The other two volcanos rcfembled large faint nebula?, 

part beginning to be illumina- \ that arc gi-adually much brighter in the middle ; but 

ted ; with a tch'fcope take the well-defined luminous fpot was difeovered in them* 

propoUion of A'E to the dia- J He adds, “ the appearance of what I have called the 

meter ED ; then there arc / aHual firc^ pr eruption of a volcano, cxa(flly rcfembled 

given the two fides AE, EC piece of burning charcoal when it is covered 

of ahight-angled triangle ACE, ^ very thin coat of white aihes, which frcOucntly 

the fquares of which being add- adhere to it when it has been fome time ignited ; and 

cd together give the fquare of the third fide AC, and it had a degree of brightnefs about as llrongas that with 
the root extraded is that fide itfelf ; from which fub- which a coal would be feen to glow in ftiint day-light, 

trading the radius BC, leaves AB the height of the It has been difputed whether the Moon has any at- 
mountain. In this way, Jliccioli obferved the top of mofplierc or not. The following arguments hpc bech 
the hill called St. Catherine, on the 4th day after the urged by thofe who deny it. 

new moon, to be illuminated when it was diflant from i. The Moon, fay they, conllantly appears with the 
the confines of the enlightened hemifphere about one fame brightnefs when our atmofphcre is clear ; which 

1 6th part of the Moon’s diameter ; and thence found could not be the cafe6f flie were furrounded with an 

Its height mull be near 9 miles. ^ ^ atmofpliere like ours, fo vaiiable in its dcnllty, and fo 

It is probable however that this determination is too often obfeured by clouds and vapours. 2. In an ap- 

much. Indeed, Galileo makes AE to be only one 20th pulfe of the Moon to a liar, when Ihc comes fo near 

of ED, and Heveh’us makes it only one 26th of ED ; it that a part of her atmofphcre comes between our 

the former of thefe would give ^4 miles, and the latter eye and the liar, refradion would caufe the 4tte;* to 

only 3 J miles, for AB, the height of the mountain : fet^m to change its place, fo that the Moon would ap- 

and probably' it Ihould be Hill lefs than cither of thefe, pear to touch it later than by her own motion Ihe 

Accordingly, they are greatly reduced by the ob- would do. 3, Some philofophers are of opinion, 

fervations of Hcrfchel, wnofc method of meafuring tlja^ becaufe there are no feas or lakes in the Moon, 

them may be feen in the Philof. Tranf, an. 1780, pa. there is therefore no atmofphcre, as there is no water 

507. This gentleman meafured the height of many iq raifed up in vapours. 

of the lunar prominences, and draws at bft the foUo^^t But all thefe arguments have been anfwercd by other 
ing conclufions From thefe obfervations I l^lievc allronomers in the following manner. It is <}enicd 
it 13 evident, that the height of the lunar mountains in Moon appears always with the fame bright- 

general is greatly over-rated ; and that, when we have even when our atmofphere appears equally clear^ 

excepted a few, the generality do not exceed half a Hevelins relates, that he has fcvcral * times found in 

2 Ikies 
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jfttitfi perfeAly clear, when even ftars of the 6th and 
7th ma^itude were vifibic, that at the fame altitude 
of the Moon with the fame elongation from the fun, 
and with the fame tclefeopc, the Moon and her ma- 
cula? do not appear equally lucid, clear, and confpwu- 
OU8 at all times ; but are much brighter and more dif- 
tin^t at fomc times than at others^ And hence it Is 
inferred that the caufc of this phenomenon is neither 
in our air, in the tube, In the Moon, nor in the fpefla- 
tor’s eye; but mull be looked for in fomething cxilling 
about the Moon. An additional argument is drawn 
from the different appearances of the Moon in total 
rrlipfes, which it is fuppofed are owing to the different 
4*1)11 ft it ut ions of the lunar atmofphcre. 

To the 2d argument Dr. Long replies, that New- 
ton has ftiewn (Princip. prop. 37, cor. 5), that the 
weight of any body upon the Moon is but a third part 
of what the weight of the fame would be upon tlie 
• cartl^ : now the cxpanfion of the air is reciprocally .as 
the wciglit that compreffes it ; therefore the air fur- 
rounding the Moon, being preffed together by a w'eight 
of one-third, or being altradled towards the centre of 
the Moon by a force cqqal only to onc-third of that 
which attracts our air towards the centre of the earth, it 
thence follows, that the lunar atmofphere is only onc- 
third ai> denfe as tliat of the caith, which is too little 
to produce any fciUiblc rcfradlion of the liar’s light. 
Other aftronomers have contended, thatfuch refradlicn 
was fometfmes very apparent. Mr. Caflini fays, that 
he often obferved that Saturn, Jupiter, and the fixed 
flars, had their circular figures changed into an elliptical 
one, when they approached either to the Moon’s dark 
or illuminated limb, though they own that, in other 
occultatlona, no fuch change could be obferved. And, 
with regard to the fixed ifars, it has l>een urged that, 
granting the Moon to have an atmofphcre of the fame 
nature and quantity as ours, no fuch effedl as a gradual 
diminution of light ought to take place 5 at Icaft none 
that we could be capable of perceiving. At the height 
of 44 miles, our atmofphcre is fo rare as to be incapable 
of rcfradling the rays of light ; this height is the i8oth 
part of the earth's diameter; but fince clouds are never 
obferved higher than q miles, it appears that the va- 
pouixjus or obfcure part is only the 1980th part. The 
mean apparent diameter of the Moon is 3 1' or 
1889^; tnereforc the obfcure parts of her atmofphere, 
when viewed from the earth, mull fiibtend an angle of 
kfs than one fccond ; which fpacc is paffed over by the 
Moon in lefs than two fcconds of time. It can there- 
fore hardly be expelled tluit obfervaiion Ihould generally 
determine whether the fiJj)pofcd obfcuration takes place 
or not, 

As to the 3d argument, it concludes nothing, bc- 
caufc it is not known that there is no water in the 
Moon ; nor, though this could he proved, would it 
follow that the lunar atmofphcre anfwers no other pur- 
ofe than the raifing of water into vapour. There is 
owrv'cr a ftrong argument in favour of the cxiftmcc 
of a lunar atmofphcrcv taken from the appearance of a 
luminpUs circle round’ the Moon in the time of total, 
folar /'cclipfes ; a circumftance that has been obferved 
by many aftronomers ; efpecially in the total eclipfe of 
the fui]i which happened May i, 1706, 


0/ the Harveji Moom. It js remarkaW* th*r the 
Moon, during the week in which Ihe is ftdl about the 
time of harveft, rifes fooner after fun-fetUng, tha<j Ihe 
does in any other full-moon wxek in the year. By this 
means flie affords an immediate fupply.of fight after 
/un-fet, which is very beneficial for the harveft and 
gathering in the fruits of the earth; and hence tbU 
full Moon is diftinguiftied from all the others in the 
year, by calling it the Harveft-Moon. 

To conceive the reafon of this phenomenon ; it may 
full be confidered, that the Moon js always oppofitc 
to the fun when fhe is full ; that ftie is full in the 
ilgns Pifees and Aries in our harveft months; thofe 
being the figns oppofitc to Virgo and Libra, the figna 
occupied by the fun about the fame feafon ; and becaufe 
thole parts of the ecliptic rife in a ftiorter (pace of time 
than others, as may eafily be ftiewn and illuftrated by 
the ccleftial globe : confequcntly, when the Moon is 
about her fuU in harveft, Ihc riles with lefs difference 
of time, or more immediately after fun-fet, tlian when 
Ihe is full at other feafons of the year. 

* In our winter, the Moon is in Pifees and Aries about 
the time of her lirft quarter, when Ihe rifes about noon; 
but her riling Is not then noticed, becaufe the fun is 
above the horizon. 

In fprlng, the Moon is in Pifees and Aries about the 
time of her change ; at which time, as Ihe gives no. 
light, and rifes with the fun, her riling cannot be per- 
ceived. * * 

In fummer, the Moon Is in Pifees and Aries about 
the time of her laft quarter ; and then, as Ihe is on 
the dccrcafe, and riles not till midnight, her riling 
iifually paffes unobferved. 

But in autumn, the Moon is in Pifees and Aries at 
the time of her full, and rifes foon after fun-fet for 
fcveral evenings fuccefQvcly ; which makes her regular 
rifing very confpJcuous at that time of the year, • 

And this would always be the cafe, if the Moon’s, 
orbit lay in the plane of the ccfiptic. But as her 
orbit make's an angle of 5® 18' with ^lie ecliptic, and 
croffea it only in the two oppofitc points called tlic 
nodes, her riling -when in Pifees. and Aries- will fome- 
times not differ above ih. and 40 min. through the 
whole of 7 days and at other times, in the fame t\vo 
figns (he will differ 3 hours and a half in the time of 
ficr rifing in a week, according to the different poli- 
tions of the nodes with refpc£l to thefc figns ; which 
pofitions are conftantly changing, becaufe the nodes 
go backwaid tlirough the whok ecliptic in i8 years 
235 days. 

This revolution of the nodes will caufe the Harveft 
Moons to go through a w'hole courfc of the moft and 
Icaft beneficial Hates, with rcfpeil to the harveft, every 
19 years. The following Table Ihews in wh.vt years 
the Harveft Moons arc leaft beneficial as to the times 
of their rifing, and ia what years they are moft bene- 
ficial, from the year 179Q to 1861 ; the column of 
years under the letter L, are thofe in which the Har- 
veft-Moons arc Icaft of all beneficial, becaufe they fall 
\bout the defetnding node ; and thofe under the letter 
M are the mull of aU Seacficial, becaufe they fall about 
the afeending node. 
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yis tn tl'( hffiicnce of thf^ Moon, on the changes of 
the wcatlicr, iind tlie coiiilitution of tJie human body, 
it irny be obferved, that the vulgar dodilne concerning 
it is very ancient, and has alio gained much credit 
arong the Learned, though peiliaps without fuffi* 
eitnt examination. The common opinion is, that the 
Lunar Influence ia chiefly exerted about the time of the 
full and change, but more efpcciallv the Utter ; and^it 
would I'ecm that long experience fias in lorne degree 
cliabliflied the fac^ : hence, perfons obferved at thofe 
limes to be a little deranged in their intelle^bs, arc- 
called Lunatics ; and hence many peifons anxioully 
look for the new Moc ii to bring u change in the wea- 
ther. The Moon’s Influence on the feu, in producing 
tides, being agreed upon on all liands, it is aigiied that 
Ihc mull alfo produce fimilar changes in theatmofpherc, 
but ill a niucli higher degree ; whicli changes and com- 
motions there, mull, it is inferred, have a confiderablc 
influence on the weather, and on the Iniman body. 

Bcfidc the obfervations of the Ancients, which tend 
to tflablifli this dodfrine, feveral amon^ the Modern 
Philofophcrs have defended the fame opinion, and that 
upon the llrength of experience and oblervation ; while 
others as ftrenuoufly deny the faft. The celebrated 
Dr. Mead was a believer in the Influence of the Sun 
and Moon on the human body, and publiflicd a book 
to this purpofe, iulitled, De Imperio Solis ac Lunae 
in Corpore Humane. The exiftcnce of fuch influence 
is however opjxifed by Dr, Horfley, the prefent bi- 
Ihop of Rocheilcr, in a learned paper upon this fubjed 
in the Philof. Trauf. f'or the year 1775; where he 
gives a fpccimcn of arranging tables of meteorological 
obfervations, fo as to deduce from them fads, that may 
either confirm or refute this popular opinion ; recom- 
mending it to the Learned, to colled a large feries of 
fuch obfervations, as no coriclufions can be diawmfrom 
one or two only. On the other hand profeffor Toaldo, 
and feme French philofophcrs, take the oppofite fide of 
the qiiclllon ; and, from the authoiity of a long feries of 
obfervations, pronounce decidedly in favour of the Lu- 
nar Influence. 

Acceleration of the Moon. Sec Accileration. 
MooN«i)w/, Sec Dial. 

Hor’i^ntal Moon. Sec Apparent Magn itude. 

MOORE (Sir Jon AS a very rtfpedable mathe- 
matician, Fellow of the Royal Society, and Surveyor- 
geiK'ial of the Oidnjmce, w-as born* at Whitby in 
Y'^rkfhire about the year 1620. After enjoying the 
a-^ivanUges of a liberal education, he bent his ifudies 
principidly to the mathematics, to which he had al- 
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Yrays a Arong inclination. In the cxpeditio;)8 of King 
Charles the lA into the northern parts of England 
our author was introduced to liim, as a perfon Audioui 
and learned ip thofe fcicnces ; when the king exprdfed 
mi^ch approbation of liim, and promifed him encou- 
ragement ; which indeed laid the foundation of his for- 
tune. He uT»s afterwards appointed mathematical maf* 
ter to the king’s fecund fon James, to inftrud him in 
arithmetic, geography, the ufc of globes, &c. 
During Cromwell’s government it feems lie followed 
the profeiTioii of a public teacher of mathematics; for 
I find him flylcd, m the title-page of feme of his pub- 
lications, “ profeifor of the matiiematics.” After the 
return of Charles the id, he found great favour and 
promotion, becoming at length fiirveyor-gencial of the 
king’s ordnance’, fic was it feems a gicat favomitn 
both with the king and the duke of Yoik, who often 
confulted him, and weic advifed by him upon many 
occafions. And it mufl be owned that he often tin-, 
iloyedhis Intcrefl \yjththe court to the advancunent of 
earning and the encouragement of merit. Tluis, he 
got l lamilccd houfe built in 1675, as a public obfer- 
vatory, recommendingi Mr. Flamltced to be the king’s 
aftronoiner, to make the obfervations there : and being 
furveyoi -general of the ordnance himfelf, this was the 
reufun why the falaiy of the allronomer royal was made 
payable out of the olUce of ordnance. Being a gover- 
nor ofChrili’.^ hofpital, it feems that by his intcreilthc 
king founded the mathematical fchool there, allowing 
a handfonic falary for a mailer to inllrud a certain 
number of the boys in mathematics and navigation, to 
qualify them for the fea fervicc. Here he foon found 
an opportunity of exerting his abilities in a manner 
fomewhat anfwei-ablc to his wilhes, namely, that of 
ferving the rifing generation. And confidering with 
himfelf the benefit the nation might receive from x 
mathcraatH-al fchool, if rightly conduced, he made it 
his utmoA care to promote the improvement of it. The 
fchool was fettled ; but there Aill wanted a methodical 
inAitution from which the youths might rcctivc fuch 
ncceflary helps as their lUdies required : a laborious 
work, from which his other great and afliduous em- 
ployments might very well have exempted him, had 
not a predominant regard to a more general ufefidae{s 
engaged him to devote all the leifurc hours of his de- 
clining years to the improvement of fo ufcful and 
impor^tant a feminary of learning. 

Having thus engaged himfelf in the profccution of 
this general defign, he next fketched out the plan of a 
courlc or fyltem of mathematics for the ufc of the 
fchool, and then drew up M printed feveraj parts ut 
it himfelf, when death put an cud to his libour?, b*-. 
fore the work was completed. I have not ft uud .11 
what year this happened ; but it muA have been but 
little b^.forc 1681, the year in which the v. ork \sas pub- 
liflied by his foiis-in-law, Mr. Hanway and Mr. Potin- 
ger. Of this work, the Arithmetic, Pra(flical Geo- 
metry, Trigonometry, and Cofmegraphy, were writ- - 
ten by Sir Jonas himfelf, and printed befoie his death. 
The Algebra, Navigation, and ^hc books of Euclid 
were fupplied by Mr. Perkins, the then mafiert^f tlie 
mathematical fchool. And the Allronorny, or Doc- 
tWne of thci>pherc, was written by Mr. FUmAeed, tlic 
allronomer icvaJ.^ 

TU 
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The lift of Sir Jonas's works, as far as 1 have feen 
them, arc tlic followim^ : 

1. The New yyftcrn of Mathematics; above men- 
tioned, in 2 vch4to, j68r. 

2. Arithmetic In two bogki, viz, Vulgar Arithmetic 
and Algebra, 'i'o whi<‘h are added two Treatifes, the 
one A new Contemplation Geometrical, upon the Oval 
Pigurc called the Ellij)ri3 ; the other, 'I'hc two ftrft 
books of My^oigiua, his Conical Scdlous aiiahzcd 
&c. 8\o, 

3. A Mtuhematical Compendium ; or Ufcful Prac- 
tices in Arithmetic, Geometry, and Ailronomy, (ico- 
praphy and Nuxigiition, &c, c'cc. i^mo, 4th edition 
111 1705. 

4. A General Treat ife of Aitillery: or, Guat 
Ordnance. Wiitten in Italian by 'romafo Moretii of 
Brefeia. Tiardlaud into Englifh, with notes there- 
upon, and fiirric additions out of Frtneh for Sea-Gun- 
Kciij. By Sir Jonas Mooic, Kt. 8vo, 16H3. 

MOR'rALri'Y. of are account* 

or regifters fpccifyinp the numbAs bom, and biiiied, 
and fometimes marued, in any toun, paiifh, or dif- 
triiff. Thefe arc of great life, not only in the doArine 
of Life Annuities, but in fhewing the degrees of hcal- 
thlnefaand piolificiiefs, with the progrefbof pimiilatlon 
ill the places where they are kept. It is tlicrcforc 
much to be wiftied that fueli accounts had always been 
corredly kept in every kingdom, and regularly pub- 
Jifhed at the end of every year. We ftiouTd then have 
had under iiifpcAion the comparntivc ftrcngtli of every 
kingdom, as far as it depends on the number of Inha- 
bitants, and its increafe or dtcicafe at diffuent pe- 
riods. 

Such accounts .arc rendered ftill more ufcful, when 
they include the ages of the dead, and the diftempers 
pf which they have died. In this cafe they convey 
iditic of the moft important inftruAions, by furnifhing 
the means of afeertaining the law which governs the 
waftc of human life, the values of annuities dependent 
on the continuance of any lives, or any furvivorlhips 
between them, and the favourable nefs or unfavourablc- 
‘ncfa of different fituations to the dui*ation of human 

life. 

There arc but few regiAcrs of this kind ; nor has this 
fubjeA, though fo interefting to mankind, ever engaged 
much attention till lately. Indeed, bills of Moitality 
for the fcveral pai ifhes of the city of London have been 
kept from the year 151;^, with little interruption ; and 
a very ample account of them has been pubtiftied down 
to the year 1 759, by Dr. Birch, in a large 410 vol. 
which ia perhaps the fu^ft: wmrk of the kind extant ; 
containing dDcfides the bills of Mortality, with the dif- 
cafes and cafualtics, fcveral other valuable traills on the 
(ubjeA of them, and on political arithmetic, by fcveral 
other authoi-8, as Capt. John Graunt, F K. S. ; Sir 
William Petty, F. R. S. ; Corbyn Mon is, Efq. F. R. S. ; 
and J. P. Efq. F, R. S.; the whole forming a valuable 
repofttory of materials ; and it would be well if a con- 
tinuation were publilhcd down to the prefent time, and 
fo continued from time to time. 

Bills containing *lhc ages of the dead, were long 
fince publifticd for the town of Breftavv in Silefia. u 
ii well known what ufe has becn^ made of thefe by Dr. 
Halleyt and after him by Mr* De Moivre. A table of 
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the probabilities of the duration of human life at every 
age, deduced from tliem by Dr, Hajley, w;i8 publifhed 
ill the Philof. Tranf. vof, 17, and has betin inferted in 
this work under the article LiFE-y^/i/jt/J/irs ; which is 
the firft; table of this kind that has been publi (lied, bince 
the publication of this table, fimilar bills have been 
cftabliftied in many other places, in Fngland, Germany, 
Switzerland, France, Holland, See, but moft cfpeclally 
ill Sw’eden ; the refults of (omc of which may be fetn in 
the large comparative table of the duration of life, un- 
der the article in this work. 

MOR’PAK, or Mortar-Fiece, a fhort piece of 
ordnance, thick and wide, proper for throwing bomb- 
/hells, carcafes, ftones, grape-ftiot, &c. 

It is thought that the ulc of Mortals is older than 
that of cannon; for they w'crc employed in the wars of 
Italy, to throw balls of red-hot iron, and ftones, long 
befoic the invention of (hells: and it is gcneially be- 
lieved that the Germans wcietlie firft inventois. The 
practice of thi owing red-hot balls out of Mortars, was 
(lift pradifed at the liege of Stralfund in 1675, by the 
elcdor of Brandenburg; though feme fay, in 1653, 
at the ftege of Bremen, 

Mortars are made either of brafs or iron, and it is 
iifual todiftinguifh them by the diameter of the bore ; 
as, the J3 inch, the 10 inch, or the 8 inch Mortar; 
there arc fome of a fmaller fort, as Coehorns of 4*6 
Inches, and Royals of 5*8 inches in diameter. As to 
the larger fizes, as 18 incites, &c, they are nowdifufed 
by the Englilh, as well as moft other Furopean nations. 
For the circiimftanccs relating to Mortars, fee Mul- 
ler’s Artillcr)', 

Cochorn Mortar, a fmall kind of one, invented by 
the celebrated engineer b<aron Cochorn, to throw fmalt 
fhells or grenades. Thefe Mortars are often fixed, to 
the number of a dozen, on a block of oak, at the ele- 
vation of 45®. 

•MOTION, or Local Motion, is a continued and 
fucceflivc change of place. Borelli defines it, the fuc- 
cc/Tivc paffage of a body from oneplace to another, in 
a dctciminatc time, by becoming fucceflivcly conti- 
guous to all the parts of the intermediate fpacc. 

Motion is confidcred as of various kinds ; as Natural, 
Violent, Abfolutc and Relative, 5 c c, 5 c c. 

iV^/wra/ M otion, is that which has its principle, or 
aiSluating force, within tke moving body. Such is that 
of a ftonc falling towards the earth. And 

Violent Motion,^ is that whofc principle is without, 
and apainft which the moving body makes a rcfiftance. 
Such 18 that of a done thrown upwards, or of a ball 
(hot off from a gun, 5 c c. 

Motion is again divided into Abfolutc and Rela- 
tive. 

jihfolutc Motion, is the change of abfolutc place, in 
any moving body, confidcred independently of any 
other motion ; whofc celerity therefore will be mea- 
fured by the quantity of abfoliite fpacc which "the 
moveable body runs through. And 

Relative Motion, is the change of the relative place 
of a moving body, or confidcred with refpe^I to the mo- 
tion of fome otner body ; and has its celerity eUimated 
by the quantity of relative (pace run through. 

As to the Contiyiuationofmorioin^ or thtf caufe why a 
body Once io IVlotign comet to perfevcrcin it : this has 
5 he^B 
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feeen mncU controvereed adlpng pkyfical writers ; and 
yet it follows velry evklpntly from ' one of the grand 
Ltws of I^ature j viz, that all bodies perfevere in their 
prefent ftate, whether of reft or motion, imlefs difturbed 
by foine foreign powers. Motion therefore, once be- 
gun, would be continued in infinitum, were it to meet 
with no interruption from external caufes ; as the power 
of gravity, the refiftance of the medium, &c. 

Nor has the communication of motion, or how a 
moving body comes to aftedt another at reft, or how 
much of its motion is communicated by the firft to the 
laft, been Icfs difputed. See the Laws of it under the 
word Percussion. 

Mot'on is the proper fubye^l of mechanics ; and me- 
chanics is the bafis of all natural philofophy ; which 
hence becomes denominated Mechanical. 

Ill all the phenomena of nature, all the changes 

that happen in the fyftem of bodies, ai-e owing to Mo- 
tion ; and arc dirci^ked according to the laws •£ it. 
Ikncc the modern philofophers have applied tliemfclvcs 
wltii peculiar ardour to confidcr the do£liIne of Mo- 
tion ; to invefligate the properties and laws of it; by 
obfervation and expel Iment, joined to the ufe of geo- 
metry. AnJ to this Is owing the great advantage of 
the moilern philofophy above that of the Ancients; who 
were extremely diliegardful of the eflcdlsof Motion. 

Among all the Ancients, there is nothing extant on 
Motion, excepting fome things in Archimedes’s books, 
De /blqulponderantibiis. To Galileo is owing a great 
part of the doArineof Motion : he firft difeovered the 
general laws of it, and particularly of the defeent of 
licavy bodies, both perjjendicularly and on inclined 
planes ; the laws of the Motion of projci^filcs ; the yi-. 
bration of pendulums, and of (Irctched cords, with 
the theory of rcfillances, Scq: thingswhicli the Ancients 
had little notion of. 

Torricelli poliftrcd and improved the difeoveries ofhfs 
mailer, Galileo; and added many experiments concern- 
ing the force of percuffion, and the equilibrium of fluids, 
Huygens improved veiy confiderably on the doctrine of 
the pendulum; and both he and Borelli on the force of 
perciifiion. Laftly, Newton, Leibnitz, Varignon, 
Mariottc, &c, have bi ought the do^iriuc of Motion 
ftill much nearer to perfcdlion. 

The general laws of Motion were firft brought into' 
a fylUm, and analytically demonftrated together, by 
Dr. Wallis, Sir Chriftoptier Wrert, and M. Huygens, 
all much about the fame time ; the firft in bodies not 
cLftic, and the two latter in claftic bodies. Laftly, the 
whole doiSlrine of Motion, including all the difeove* 
ries both of the Ancients and Moderns on that head, 
was given by Dr. Wallis in his Mechanica, five Dc 
Motu, publiftied in 1670. 

^tant’iiy of Motion, is the fame as Momentum, 
which fee. It is a principle maintained by the Cartc- 
fians, and fome others, that the Creator at the begin- 
ning impreffed a certain Quantity of Motion on bodies 
and that under fuch laws, as that no part of It (hould 
be loft, but the fame portion of Motion fbould be con- 
ftantly preferved in matter ; and hence they conclude^ 
that if any moving body ftrike another body, the former 
lofci no more of its Motion than it communicates to the. 
latter. This pofition however has been oppofed by other 
philofophcr8> and perhaps] uftly, unkfathcptcfcrvalioii- 


ofMotionbe underftood only of the quantity of it asefti- 
mated always in the fame dircdlion ; for then it feems 
the principle will hold good. However, the reafonlng 
ought to have proceeded in the contrary order ; by firft 
obferving fiom experiment, or otherwife, that when 
tw'o bodies atf u|xjn each other, the one gains cxa^lly 
the Motion which is loft by the other, In the fame di- 
rei^iion ; and from Hence mi’Ale the inference, that there 
is therefore the fame Qn^untityof Motion prelervcd in 
the iiniverfe, as was created God in the beginning; 
finec no body can adl upon 'another,, without being itfelf 
equally afttd upon in the oppofitc or contrary direc- 
tion. 

The C in nation of Motion, or the caufc why a bo- 
dy once In Motion cornea to perfevere in it, has been 
much controverted among pli) ikal writers ; and yet it 
follows very evidently from one of the grand Laws of 
Nature ; viz, that all bodies perfevere in their prefent 
ftate, whether of Motion or rcll> unlefs they arc dif- 
turbed by fome foreign powers. Motion therefore, 
once begun, wogld be continued for ever, were it to 
meet with no interniptlon from external caiifcs ; as tht 
power of gravity, the rcfiftance of the medium, tScc. 

The Communi cation of Motion, or the m-anner in 
which a moving body comes to affcA another at reft, or 
how much of its Motion is communicated by the iirft 
to the laft, has alfo betn the ftibjcft of much difcufiion 
and controveriy. See the Laws of it under the word 
Percussion. 

Motion may be confidered cither as Equable, and 
Uniform ; or as Accelerated, and RetHrdeJ. ^ Lauable 
Motion, again, may be conlldered either ai Simple, or 
as Compound ; and Compound Motion either as Rcdi-- 
linear, or as Curvilinear. 

And all thefe again mav be confidcred either with re- 
gard to thcmfelvcH, or with regaid to the manner of 
their prodydfion, and communication, by perculfion,^ 
5 cc. 

Equable Motion, is that by which the moving body- 
proceeds with exadtly the fame velocity or celerity 
palling always over equal fpaees in equal times.. 

7 he La<ws of Uniform Motion^ arc tl/tfe : I. The 
fpaees deferibed, or paflld over, are in the compound, 
ratio of the velocities, and the times of deferibing thofc 
fpaees. bo that, if V and m be any two- uniform veloci- 
ties, S and s the fpaees deferibed or palTeJ over by 
them, in the refpedtive limes T and t : 

then is S : j : : TV : iv, 

or 20 :i 2 :: 4 X 5 : 3 X 4 ; 

taking T = 4, ^ = 3, V = 5, and v = 4. 

z. In Uniform Motions, tfe time is as the fpacc di- 
rcdly, and as the velocity reciprocally ; or as the fpacc 
divided by the vcloeity . So tliat 

T : / : : TT : or : : Sv ; zV. 

V V 


3. The velocity is as the fpacc dlre£lly, and tKe. 
time reciprocally ; or as the fpacc divided by the time,. 
S e 

That is,' V : v : : -rjr : "j* or : ; S/ : /T.. 


Accelerated Motion, is that which continually re- 
ceives frelh acceflions of velocity.. And it is fald to be. 

unifbimlf. 
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'vmifornMy accelerated, when Jta acceffiona of velocity 
‘arc equal tn equal timed; fuch a« that which is pro- 
ilucedby the coiUuiuhI a£lion of one and the fame force, 
like the force of gravity, &c. 

^Retaijied Moriov, U that whofc velocity conti- 
nually dccreafes. And it is faid to be uniformly Re- 
tarded, when its dccrcafe is conlinudly proportional to 
the time, or by equal quantities in equal times ; like 
that which Is prpd;jced by the continual oppofition of 
' one and the fawi force ; l^ch as the force of gravity, m 
uniformly retarding the Motion of a body that is thrown 
upwards. 

The Laws of Motion, uniformly accelerated or re- 
tarded, arc thefe: 

1. In uniformly varied motions, the fpacc, S or /, is 
as the fquait of the time, or as the fquarc of the gieatetl 
velocity, or as the reftangle or produd of the lime and 
-velocity* 

Tliut is, S : / : : T* : : : V» : : : TV : iv. 

2 , The velocity is the lime, or as the fpacc divided 
diy the the time, or as thc' fquarc root of the fpace. 

That U, V ; V : : T ; / ; ; ^ v'S ; t/s* 

3* The time is as the velocity, or as the fpace divided 
by the velocity, or as thcfquare root of the fpacc. 

Tlut i». T : / : : V : » : ! ~ : : v^S ; 

4. When a fpace is deferibed, or pafled over, by an 
ttniforraly varied Motion, the velocity either beginning 
«t nothing, and continually accelerated ; or clfe begin- 
ning at forae determinate velocity, and continually re- 
tarded till the velocity be reduced to nothing ; then the 
fpace, fo win over by the variable Motion, will be cx- 
adly equal to half the fpacc that would be run over in 
the fame time by the greateft velocity if uniformly con- 
tinued for that time* So, for inliance, if ^ denote the 
fpacc run over in one fecoiid, or any other time, by fuch 
a variable Motion ; then zg would be the fpace that 
would be run over in one fecond . or the fame time, by the 
grcateil velocity uniformly continued for the fame time; 
or zg would be the greateft velocity per fecond which 
the moving body had. Cqnfcquently, if / be any other 
time, / the fpacc run over in that time, and v the gieat- 
efl velocity attained in it j then, from the foregoing ar- 
ticles, it will be 

; 2gt =1 v the velocity, 
and I* : ; g : gf' ^ j the fpacc. 

And hence, for any fuch uniformly varied Motions, the 
relations among the feveral quantities concerned, will be 
rxpieflcd by thc^following cquatiops ; viz, 


. t.=r 2x/= — ~ 2^gs^ 
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And thefe cquatipns vviU hold goo 4 
thcr generated or deuroyed by the force of gravity, or 
by any other uniform force whatever! * ^ alfo the 
articles Gravity, Acck^eratioh* RsTAai^AT^iONt 
&c. Again, : v ^ 

Shf^iemoTioUf 18 that which is. produced by feme 
one power or force only, Tind is adways rcdilincar, or 
in one dire^ltion, whether the force be only momentary 
or continued. And 

Compound Mot los, is that which is produced by 
tw'o or more powers ading in different diredions. See 
Compound, and Composition 0/ Motion* 

If a moving body be aded on by a double power ; 
the one according to tlie diredion AB, the otner ac- 
cording to AC ; with the Compound Motion, or that 
which is compounded of thefe two together, it will 
deferibe the diagonal AD of the pai-allelogram, whofc 
fulcs AB and AC it would have deferibed in the fame 
time with each of the refped^ive powers apart. 



And if the radius of a circle be carried round upon 
the centre C, while a point in the radius fets off from 
A, and keeps moving along the radius towards the cen- 
tre ; then, by this Compound Motion, the path of tlic 
point will be a kind of a fpiral ABC. 

For the Particular Laws of Motion, arj/trig from the 
Collifion of bodies, both Blq/ltc and Non-elajUe, and that 
where the dirc^ions are both Perpendicular and Oblique^ 
fee Percussion. 

For Circular Motion, and the Laws of 
TILES, fee the refpedive words. 

For the Motion of Pendulums, and the Laws of OfciU 
laiion, fee Pendulum. 

Perpetual Motion, is a Motion which is fupplied 
and renewed from itfclf, without the intervention of any 
external caufe. 

The celebrated problem of a Perpetual Motion, con- 
fids in the inventing a machine, which has the prind- 
ple of its Motion within itfelf; and is a pixiblem that 
has employed the mathematicians ior zooo years; 
though none perhaps have profccutcd it with attention 
and carnellncls equal to thofc of the prefeat age» In* 
finite arc the fchemes, defigns, plans, engines, whcelii, 
&c, to which this long-ddlred Pcipetusd Motion hSt 
given birth* ^ i > 

But M* De la Hire has proved the impo^bilitv of 
any fuch machine, and buds that it amounts ^o, this ; 
vi/., to bnd a body which is both heaviei^ and lighter at 
theTame time ; or to bad a body wliich ia heavier than 
itfelf. Indeed there fceiM but little in naturt to 
countenance all this affiduity and expetUtion: among > 
all the laws of matter and Motion, we know of none 
yet that feem likely to fm*ni(h any priodpkorfqumdi^ 

tiou for fuch an. cffei^h , , . 

7 
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AAwn aod readHon it fa allowed are alwaya equal ; 
and a body that giv^s any quantity cf Motion to ano- 
ther, always lofcs juft fa much of its own j but under 
the prefent ftate of thingSt the re^ftaoce of the air, 
thetn'dioa of the parts oT machines, &c, do ueceflarily 
retard cverr Motion. , . 

To conunuc the Motion therefore either, firft, there 
mull be a Amply from fome foreign caufe j which in a 
Perpetual motion is excluded 

Or, adly, adl refiftancc from the Ai£lion of the 
parts of matter muft be removed ; which ncccflarily 
implies a change in the natiwc of things. 

Or, 3dly and laftly, there muft be fome method of 
gaining a force equivalent to what is loft, by the artful 
difpofition and combination of mechanic powers ; to 
which laft point then all endeavours arc to be difcflcd: 
but how, or by what means, fuch force flioiild be gain- 
ed, is ft ill a my ftery. 

The multiplication of pow'crs or forces, it is certain, 
avails nothing ; for what is gained in power is loft in 
time, fo that the quantity of Motion ftill remains the 
fame. This is an inviolable law of nature ; .by which 
nothing is left to art, but the choice of the fcveral com- 
binations that may produce the fame effeit. 

There are vanous ways by w'hleh abfolutc force may 
be gained ; but fince there is always an equal gain in 
oppolitc directions, and no increafe obtained m the 
fame direClkm j in the circle of aCtions neceffai*y to 
make a perpetual movement, this gain muft be prcfently 
loft, and will not ferve for the neceftary expcnce of force 
employed in overcoming friction, and the refillance of 
the medium. And therefore, though it could be fhewn, 
tl»al in an infinite number of bodies, or in an infinite ma- 
chine, there could be a gain of force for ever, and a Mo- 
tion continued to infinity, it docs not follow that a per- 
petual movement can be made. That which was pro- 
pofed by M. Leibnitz in the Lcipfic ACts of 1690, as a 
confequenceof the common eftimatioaof the forces of 
bodies in Motion, is of this kind, and for this and other 
rcafons ought to be rejeCled. Sec Perpetual Mq-^ 
iion ; alfo Orffyreus^s Wheel, &c. 

Jnimal Motion, is that by which the fituation, 
figure, magnitude, &c, of the parts and members of 
animals are changed. Under thefc Motions, come all 
the animal fuoClions ; as refpiration, circulation of the 
blood, excretion, walking, running, &c. 

Animal Motions are ulually divided into two fpeciegj 
viz. Natural and Spontaneous. 

NaturalMor ion, is that. involuntary one which is 
effcClcd without the command of the will, by the mere 
Tnechanifm of the parts. Such as the Motion of the 
heart and pulfc f the Paiftaitic Motion of the intef- 
tincs, &c. But 

Sfoniatucus, or MufeuJar Motion, is that which is 
performed by means of the mufcles, at the command 
of the will ; which is hence called Voluntary Motion. 
Borelli has a cekbiatcd treatife on this fubJcA, entitled 
l)c Motu Animallurn.. 

Intejline Motion, denotes an agitation of the par- 
ticles of which a body confifta.* — Some philofopners 
■^iH have every body, ttnd every particle of a body, in 
continual Motion. As for fluids, it Is the definition 
they give of tlum, tJ»t their parts arc in continual 
tion. And aa to Mids, they infer the like Motion 
Vou IL ^ 


from the efBotia continoalljr emitted through their 
Hence Inteftinc Motion is reprefenttd to be a 
Motion of the intcnid and fmallcr parts of matter, con- 
tinually excited by fome external, latent apmt, which 
of itfclf is infenlible, and only difcovcrs itfclf by Us 
effe^ 5 appointed by Nature to be the great inftiutneut 
of the changes in bodies. 

Motion, in Aftronomy, is peculiarly applied to the 
orderly cOurfcsof the heavenly bodkSfj)^ 

Mean Motion, Sec Mean. 

The Motions of the cclt-ftial luminaries are of two 
kinds : Diurnal, or Common; and Secondary, or Proper, 

Diuntai, or Primary Motion, is that w'ith which 
all the heavenly bodies, and the whole mundane fplicre, 
appear to revolve every day round the earth, from call 
to well. . This is alfo called the Motion of the Priin.mn 
Mobile, and the Common Motion, to dillingullh it 
from that rotation which is peculiar to each planet, ficc. 

Seconelary, or Proper Motion, is that with vrhich a 
ftar, planet, or the like, advances a certain fpace every 
day homi the wTft towards the eaft. See the fcvcral 
Motions of each luminary, with the irregularities, &c, 
of them, under the proper aiticlcs, Earth, Moon, 
Star, Ac. 

singular Motion, is that by which the angular po- 
fition of any thing varies. Sc« AnoUlar. 

Horary Motion, is tlie Motion during each botir. 
Sec Horary. 

Paracentric Motion of Impetus, See Paracen- 
tric. 

Motion of Trepidation, See. See TREPt&ATiorN and 
Libration* . 

MOTIVE Power or Force, is the whole power Or 
force ading upon anybody, or quantity of matter, to 
move it > and is p^ortional to the momentum or 
quantity of motion it caa produce in a given time. To 
diftinguifh it from the Accelerative force, which is con- 
fidcrcd as affefting the celerity only, 

MOTRIX, fomething that has the power or faculty 
of moving. See Fh Motrix, and Motion. 

MOVEABLE, fomething fufccptiblc ofmotiofl, Of 
that is difpofed to be moved. A fphcrc is the moft 
Moveable of all bodies, or is the eaficft to be moved 
on a plane. A door is Moveable oh its hinges ; the 
magnetic needle on a pin or pivot, Ac. Moveable is 
often ufed in 'cojitradiftindlion to Fixed or Fiittw 

Moveable Fenjls, arc fuch as arc not always held on 
the fame day of the year or month ; though they may 
be on the fame day of the week. Thus, Eafter is a 
Moveable Fcaft ; being always held on the Sunday 
which falls upon or next after the firft full moon fol- 
lowing the 21ft of March. Sec Philof. Tranf. numb. 
E40, pa. 185. All the other Moveable Feafts follow 
Eafter, keeping their conftant diftance from it ; fo that 
they arc fixea with rcfpcdl to it, though Moveable 
through the courfe of the year. Such are Septuage- 
fima, Sexagefima, Afii-Wcdnefday, Afeenfion-Day, 
Pcntecoft, Trinity-Sunday, Ac. 

MOVEMENT, a term often ufed in thc'famc fenfe 
with Automaton. The moll ufual Movements, frr 
keeping time, arc Clocks and Watches : the latter are 
fuen as ftevr tlic parts of time by infi>c6lion, and arc 
orublc in the pocket ; the former fuch ftfpublHh it 
y founds^ and are fixed asfiirnkiire. 
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Movement, in its popidar ufc, iignifics all the inner 
workt of a clock, watch, or other machine, that move, 
and by that motion carry on the defign of the inilni- 
inent. The Movement of a clock, or watch, is the 
Infidc; or that part which meafurcs the time, and 
ilrikes, &c 5 exclunvc of the frame, cafe, dial-plate, See. 

The parts common to both of thefe Movements arc, 
the Main-fpring with its appurtenances, lying in the 
fpring box, and in the middle of it lapping about the 
fpring-arbor, to which one end of it is fattened. A-top 
of the fpring.arbor is the Epdlefs ferew, and its wheel ; 
but in ipring clocks this is a ratchet-wheel with its 
click, that ftops it. That which the main-fpring 
draws, and round which the chain or ftring is wrap- 
ped, is called the fufee : this is moftly taper ; in large 
works, going with weights, it is cylindrical and is called 
the barrel. The fmall teeth at the bottom of the fufee 
or' barrel, which ftop it in winding up, is called the 
Ratchet ; and that which ftops it when wound up, 
and is for that end dnven up by the fpring, the- Garde- 
gut. The Wheels arc vanous : the parts of a wheel 
are, the Hoop or Rim ; the Teeth, the Crofs, and the 
Collet, or piece of brafs foldered on the arbor or fpindle 
oil which the wheel is riveted. The little wheels, 
playing in' the teeth of the larger, are called Pinions ; 
and their teeth, which arc 4, y, 6, 8, &c, arc called 
Leves ; the ends of the fpindle arc called Pivots ; 
and the guttured wheel, with iron fpikes at bottom, in 
which the line of common clocks nins, the Pulley. 

^Theory of Calculating the Numhen for Movements. 

1. It is firft to be obferved, that a wheel, divided 
by its pinion, (hews how many turns the pinion has to 
one turn of the wheel. 

2. That from the fufee to the balance the wheels 
drive the pinions, confcqucutly the pinions run fatter, or 
make more revolutions, than the wheel j but it is the 
eo)itrary from the great wheel to the dial-wheel. 

3. That the wheels and pinions are written down 
either as vulgar fra<Slions, or in the way of divifion in 
common arithmetic : for example, a wheel of 60, mov- 
ing a pinion of 5, is fet down either thus 

thus 5)60, which is better. And the number of turns the 
pinion has in one turn of the wheel, as a quotient, thus 
5) 60 (12. A v^holc Movement may be written as 
follow’S : 


4.) 36 (9 



«7 

where the uppermoft number expreffea the pinion of 
report 4, the dial-wheel 36, and the turas of the 
pinion 9 ; the ftcond, the pinion and great wheel ; 
the third, the fecond wheel &c ; the fourth, the con- 
trate wheel ; and the laft, 17, the crown-wheel. 

. A. Hence, from the number of turns any pinion 
makes, in one turn of the wheel it works in, may \>c 
dctcrqpined the number of turns a wheel or pinion has 
at any greater dillancc, vist, by multiplying the quo- 
tients together ; the produ^ being the number of turns. 
Thus, fuppofe the wheels and pinions as in the cafe 
above the quotient 1 x multiplied by 9, gives 99, the. 


number of tumi in the fccotid pinion 5 to one turi> pf 
the wheel ^5, which runs conccntrical, or on the feme 
fpindle, with the pinion 5. Again, 90 multiplied by 8, 
gives 792,. the number of turns the laft 'pinion has to 
one turn of the firft wheel 5. Hence, we proceed to 
find, not only the turns, but the number of beats of 
the balance, , in the time of thofe turns. ’ For, having 
found the number of turns the crown-wheel has in one 
turn of the wheel propofed, thofe turns multiplied by 
its notches, give half the number of beats in that one 
turn of the wheel Suppofe, for example, the crown- 
wheel to have 720 turns, to one of the firft w'hccl ; 
this number multiplied by 15, the notches in the crown- 
wdiccl, produces 10800, half the number of ftrokes of 
the balance in one turn of the firft wheel of 80 teeth. 

The general divifion of a Movement is, into the 
clock, and watch parts. 

MOULDINGS, in Architedturc, arc certain pro- 
jections b^ond the naked of a wall, column, wainfeot 
&c, the aflemblage of which forms cornices, door-cafes, 
and other decorations of architecture. 

Mouldings, are annexed to great guns by way of 
ornament, and perhaps in fome parts for ftrength ; and 
probably arc derived from the hoops or rings whicli 
bound the long iron bars together, anciently ufed in 
making cannon, 

MOYNEAU. SecMoiNEAu. 

MULLER (JohnL commonly called Regiomon- 
tanus, from Mons Regius, or Koningfberg, a town 
in Franconia, where he was bom in 1436, and became 
the greateft altronomer and mathematician of his time. 
He was indeed a very prodigy for genius and learning. 
Having firft acquired grammatical learning in his own 
country, he was admitted, while yet a boy, into the 
academy at Lcipfic, where he formed a Itrong attach- 
ment to the mathematical feiences, arithmetic, geome- 
try, allronomy, &c. But not finding proper aififtance 
in thefe ftudies at this place, he removed, at only 15 
years of age, to Vienna, to ftudy under the famous 
Purbach, the profefTor thei-e, who read lediires in thofe 
feiences with the higheft reputation. A ftreng and 
affeClionate friendfhip foon took place between thefe 
two, and our author made Inch rapid improvement in 
the feiences, that he was able to be aflifting to his 
matter, and to become his companiofi in all his labours. 
Ill this maimer they fpent about ten years together ; 
elucidating obfcurities, obferving the motions of the 
heavenly bodies, and comparing and correding the 
tables of them j particularly thole of Mars, which they 
found to difagree with the motions, fometimes as muCn 
as two degrees. 

About this time there arrived at Vienna the cardinal 
Deffarion, who ca^ie to negociatc fomc affairs for the 
pope ; who, being a lover of aftronon^, foon formed 
an acquaintance with Purbach and Regiomontanus. 
He had begun to form a Latin Verfion of Ptolomy’i 
Almagcft, or an Epitome of it; but not having time 
to go on with it himfelf, hfc requefted Purbach to 
complete the work, and for th^t pureofe to return 
with him into Italy, to make himfeli matter of the 
Greek . tongue, which he was as yet unacquainted 
with. To thefe propofala Purbach only affented, on 
condition that Regiomonianus- would accompany him, 
and (hare ia all the labours. They firft however,, by 
I Acani 
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oi an Arabic Verlkm of Ptolomy^ made fomt 
pro^^refs in the work; but this was foon interrupted 
by the death of Purb^, which happened in 1461, in 
the 39th year of hia age. The whole taik then devoU 
veJ upon Rtgiohiontanus, who finifhed the work, at 
the rei'uc-ft of Purbach, made to him when on his death- 
bed. Vhts work our author afterwards revifed and 
perfccicd at Rome, when he had learned the Greek 
language, and confuRed the commentator Thcon, &c. 

Ke^iomonlanu8 accompanied the cardinal Beflarion 
in hjs return to Rome, being then near 30 years of 
age. Here he applied himfeli diligently to the iludy 
i)f the Greek language; not negledfing however to 
make allrt)nomical obfervations and compofe various 
\\ urks in that feience; as his Dialogue againlt the Thco- 
ilcs of Cremonenlis. -The cardinal going to Greece 
foon after, Regiomontanus went to Ferrara, where he 
continued the ftudy of the Greek language under 
'riicodure Gaza ; who explained to him the text of 
Plolomy, with the commentaries of Thcon ; till at 
length he became fo perfect in it, that he could compofc 
verfts, and read it like a critic. — In 1463 he went to 
l\.daa, nlicre he became a member of the univerlity ; 
and, at the requelt of the ftudents, explained Alfraga- 
niis, an Arabian philofophcr. — ln'1464 he removed to 
\'enicc, to meet and attend his patron Bcffarian. Here 
he wrote, with great accuracy, his Treatife of Tri- 
angles, and a Refutation of the (jjuadrature of the 
Ciicle, ulueli Cardinal Cufan pretended he had demon- 
Aiated. The fame year he returned with Beffarion to 
Rome ; where he made fome flay, to procure the moft 
curious books : thofe he could not purchafe, he took 
the pains to tranferibe, for he wrote with great facility 
snd ilegancc ; and others he got copied Jit a great ex- 
|Knce. For as he was certain that none of thefe books 
could be had in Germany, he thought on his return 
tliitlicr, he would at his leifurc tranflate and piiblilh 
fume uf the bell of them. During this time too ne had 
a fieree contell with George Trabezonde, whom he had 
gicatly offended by animadverting on fome palTages in 
his tranllation of Thcon’s Commentary. 

Being now weary of rambling about, and having 
procured a great number of manuferipts, which was 
one great objedi of his travels, he returned to Vienna, 
and performed for fome time the offices* of his pro- 
RJlorihip, by reading of Icdurcs &c. After bein^ a 
'^hile thus employed, he went to Buda, on the invita- 
tion c.f Matthias king of Hungary, who was a great 
lover of letters and. the fciences,. and had founded a 
J^icli and noble library there : for he had bought up 
all the Greek books that could be found on the fack-* 
of ConflantinopJe ; alfo thofe that were biou^ht 
from Athens, or ^wherever elfe they could be met with 
through the whole Turkifh dominions, collecting them 
Jill together into a library at Buda* But a war break- 
out in this country, he looked <iut fo^ fume^other 
place to fettle in, whei*c he might purfue his ftudies, 
^<'id for this purp(;f<; he retired to Npremberg. He 
Uils us, that the reafons which induced him to defire 
to refulc in this dty fhe remaindry of his life were, 
that the art ills theSre were dextrous in fiibricating his 
iiuror.oniical machines; and befides, he could from 
thence eafily tranfmh his letters by the merchants into 
foieign countries. * Being now well verfed in all parts 


of learning, and made the utmoft profickney in ma- 
thcmalics, he determined to occupy himftlf in piibliih- 
ing the bell of the ancient authors, as well as his own 
lucubrations. For this purpofc he fet up a printiug- 
houfe, and formed a nomenclature of the books he 
intended to publiffi, which llfll remains. 

Here that 'excellent man, Bernird Walther, one of 
the principal citizens, who waswelllkillcd in the fcicnceb, 
cfpecially allronomy, cultivated an intimacy with Re- 
giomontanus ; and as foon as he underftood thofe laud- 
able defigns of his, he took upon himfelf tlic expenoe 
of conllrudting the ailronomical inllriimcnts, and of 
ereding a printing-houfe. And fit II ho ortlercvl aftro- 
nomical rules to be made of tin, for obferving the al- 
titudes of the fun, moon and planets. He next con- 
llruiRcd a re^langular, or ailronomical radius, for taking 
the dillancca of thofe luminaries. Then an armillary 
•jillrolabc, fiich as was ufed by Ptolomy and Plipparclius, 
for obferving the places and motions of the liars. 
Lallly,.hc made other fmaller inllrumcnts, as the tor- 
quet, and Ptolomy *8 nietcorofc«pe, with fome others 
wliicli had more of curiofity than utility in them. 
From this apparatus it cvidciuly appears, that Regio- 
montanus was a mod diligent obferver of the laws 
and motions of the celeftiiil bodies, if there were not 
dill llronger evidences of it in the accounts of the ob- 
fervations themfelves which he made with them. 

With regard to the printing-houfe, which was the 
other part of his defign in fettling at Noremberg, as 
foon as he had completed it, he put to prefs two works 
of his own, and two others. The latter w^erc. The 
Niw Theories of his madcr Purbach, and the AJlronomtn 
con of Manilius, And his own were, the New Calendar^ 
in which were given (as he fays in the Index of the 
books which he intended to publilh) the true con- 
junAions and oppoiitions of the luminancs, their cclipfes, 
their true pijfccs every day, &c. His other work was 
his* Ephemeridest of which he tlius fpeaks in the faicl 
index ; “ The Ephcmeridcs, which they vulgarly call 
an Almanac, for 30 years r where you may every day 
fee the true motion of all the planets, of -the moon*® 
nodes, with the afpcdls of tlie moon to the fun and 
planets, the ecliplcs of the luminaries ; and hi the fronts 
of the pages are marked the latitudes.” He publilhed 
alfo mod acute commentaries on Ptolomy ’s A Imaged: 
a work which caiiiinal Beffarion fo highly valued, that 
he fcruplcd not to edeem it worth a whole province. 
He prepared alfo nCw vtnfions of Plolotny’s Cof- 
mopaphy ; and at his leifurc hours examined and ex- 
plained works of another nature. He enquired hbw 
high the vapouis are carried above ilie earth, which he 
fixed to be not more than 12 German miles. He fet 
down obfervations of two comets that appeared in the 
years 1471 and 1472. 

In 1474, pope Sixtus the ^th conceived a defign of 
reforming the calendar ; and lent ftir Regiomontaiiof 
to Rome, as the propered and abled perfon to ac- 
compHlb his purpofe. Regiomontanus waS very un- 
willing to interrupt the dudics, and printing of books, 
he was engaged in at Norctnberg ; but receiving great 
proroifci' from the pope, who alfofor the prefent named 
him biffiop of Ratdban, h^ at length confettted to 
gd. He arrived at Rome in 1475, but died there the 
year after, at only 40 years of age; not wthout a 
S <2 ' fufpicioa 
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fij^lcjon of being polfopcd by the fon$ of George 
TrabezonJe, iu ve .engc for the death of their father, 
which was hikl to have beep caiifed by the giirf he 
felt on account of the crhicifms made by Regiomon- 
tanus oil Ills tninnatioii of Ptolomy’a Almageli. 

Piirbach hrd of any reduced the tngouomctric.d 
tiiblcH of fines, fiom tlie old fexagefimiil divifion of the 
radius, to the decimal icale. He fuppoted the radius 
to be divided 1140 60COOO equal parts, and computed 
the fines of the arcs to every ten minutes, in fuch 
equal parts of the radius, by the decimal notation. 
This projcdl of Purbach was perfected by Regiomon- 
tanus ; who not only extended the fines to every mi- 
nute, the radius being 600000, as defigncd by Purbach, 
but afterwards, difliking that feheme, as evidently im- 
pel feiSt, he computed them tikewife to the radius 
jpooooo, for every minute of the quadraiit.^ Regio- 
montanus alfo introduced the tangents into trigonome- 
try, tlic canon of which he called bccaufe of 
the many great advantages arifing from them. Befide 
thefe things, he enriemed tiigonometry with many 
tlicorcms and precepts. Indeed, excepting for the 
ufe of logarithms, the trigonometry of Regiomontanus 
is but little inferior to that of our own time. His 
Treatife, on both Plane and Spherical Trigonometry, 
is in 5 books ; it was written about the year 1464, and 
printed in folio at Norcraberg m 1^33. In the 5th 
book are various problems concerning re6lilinear tri- 
auglos, fomc of which axe rcfolvcd by fncana of alge- 
bra : a proof that tliie fcicncc was not whoHy unknown 
• in Kurope before the treatife of Lucas de liurgo. 
Regiomontanus was author of fonjc other works be- 
lidc thofe before menthmed. Peter Ramus, in the ac- 
count be gives of the admirable works attempted and 
performed by Regioniootanus, telfs us, that in his work- 
Ihop at Noremberg there was an automaton in perpe- 
HKvI motion ; that he made an artificial fly, which 
taking its flight from his hand, would fly round the 
room, and at laft, as if weary, would return to his 
mailer’s liand ; that he fabricated an cade, which, on 
the emperor’s approach to the city, he lent out, high 
in the air, a great way to meet him, and that it kept 
him company to i\\c ^es of the city. Let us no moi*c 
wonder, adds Ramus, at the dove of Archytas, fince 
Noremberg can (hew a fly, and an eagle, armed with 
geometric^ wings. Nor are thofe famous artificers, 
who were formerly in Greece, and Egypt, any loiter 
of fuch account, fincc Noremberg can boall of her Re- 
giomontanufes. For Wcrncrusfirtt, and then tl'C Scho- 
iieri, father and fon, afterwards, revived the fpirit of 
Rcgiopoutamis. 

mult ANGUIJ^R Figure, is one that has many 
angles, aud confequcntly many fides alfiw Thefe are 
otherwife called polygons. 

multilateral Figures, arc fuch as have 
many fides, or more than four fides. 

MULTINOMIAL, or Multinomial Roots, arc 
fuch as are composed of many names, parts, or mem- 
bers ;a8,n + ^4‘C*f«/ &c* 

For the raifing an uifiniu Multinomial to any pro- 
poTed power, or extradring any root out of iiich 
power, fee a method by Mf. De Moivre, in tbt PhifoL 
Tranf* numb. 23^0. See alfb Polyhchmial. 

bWLTIPLE, MultuilEXi^ a xmmbor which com* 


prebends fomc oth^ number fcYeral times. Thus, 6 hm 
Multiple of 2, this being contained in 6^ juft 5 times. 
Alfo X 2 is a common Multiple of 6, 4, and 3 ; conw 
prehendi^g the firft twice, the fccond ihi-icc, and the 
third four times. ^ ^ 

•Multiple Ratio or Prvportiony is that which in 
between Multiple numbers 6cc. If tbc lefs tenn of a 
ratio he an aliquot prt of the greater, the ratio of the 
greater to the lefs w called Mmtiple ; and that of the 
kfs to the greater Siibtnuhlple. 

A Subniultiple number, Is that which is contained 
in the Multiple. Thus, the numbers 2, 3, and 4 are 
Submultiples of 1 2 and 2 j^, 

Duple, trij^e, flee ratios; as alfo fubduples, fub- 
triples, &c, arc fo many fpecies of Multiple and Sub- 
multiple i-atios. 

Multiple Supevpartiinlar Prcfortion^ is w'hcn one 
number or quantity contains another more than once, 
and a certam aliquot part ; as 10 to 3, or 3 to i. 

Multiple S-u^rpartient Proportion, is when one 
number or quantity contains anotlicr feveral times, and 
fomc parts bcfidcc ; aa 29 to 6, or 4J to i. 

MUI^TIPLICAND, is one of the two fadlors in 
the rule' of multiplication, being that number given to 
be multiplied by the #her, called the multiplicator, or 
multiplier. 

MULTIPLICATION, is, in general, the taking or 
repeating of one number orquar4ity, called the Multi- 
plicand, as often aa theie arc units in another number, 
called the Multiplier, or Multiplicator ; and the num- 
ber or quantity rcfulthig from the Multiplication, is 
called the Produdt of the two foregoing numbers ox 
fadors. 

Multiplication is » compendious addition ; perform- 
ing at once, what in the ufual way of addition would 
require many operations ; for the multiplicand is only 
added to itielf, or repeated, as often as is cxprelfcd 
by the units in tlic multiplier. Thus, if 6 were to 
be multiplied by 5, the produft is 30, which is the 
fum arifiiiff from the addition of the number 6 five 
times to itfclf. 

In every Multiplication, i is In proportion to the muL 
plier,' as the multiplicand is to the product. 

Multiplication is of various kinds, in whole num- 
bers, in fractions, decimals, algebra, &c, 

1. Multiplication of Whole Nttmherf, is perform- 
ed by the following rules ; When tbc multiplier coiv 
fifts of only one figure, fet it under the firft, or ri^t- 
hand' figure, of the multiplicand; then, drawing aline* 
underneath, and beginning at the faid firft .figure, mul- 
tiply every figure of the multipl^and by the muRi- 

{ >ficr; fetting down the feveral produfts below the 
ine, proceeding orderly from right to left. But if any 
of thefe produfts amount to 10, or fevered lo’ii cither 
with or without feme ovd’plus, then fot down only the 
overplus, or fet down o if- there be no overplus; End 
carry, to the next produft, as many units as the 
former contained of tens. Thus, to multiply 3509a by4- 

Mtdt^icaud 35^9^ 

Multiplier 4 

Produft 140368 

When 
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When the multiplier confifts of fcveral figures ; mul- 
tiply the multiplicand bj each figure of it, as before, and 
place the fcveral lines ot products underneath each other 
in fuch order, that the firll figure or cipher of each 
line may fall firaight under its refoed^ive multiplier, or 
multiplying figure ; then add thele fevcral lines of pro- 
diidls together, as they ftand, and the fum of them all 
will be the produdl of the whole multiplication. Thus, 
to multiply 63017 by 236: 

Multiplicand • - 63017 

Multiplier - - 236 

Produft of 63017 by 6 - 37810a 

Produdl of 6301 7 by 30 1 8905 1 

Produdl of 6 ^o\) by 200 126034 

Whole product 14872012 

The fcveral lines of produdls may be fet down in 
any order, or any of them firll, and any other of them 
fi’cond, &c ; for the order of placing them can make no 
difference in the fum total. There are many abbre- 
viations, and peculiar cafes, according to circumftances, 
which may be feen in moil hooks of arithmetic. 

Hie mark or charadler now ufed for Multiplication, 
is either the X crofs or a finglc point • ; the former 
being intioduted by Oughtred, and the latter I think 
by Leibnitz, 

To Pro^'g Multipmcatioh. This may be done 
various ways } e'ithcr by dividing the produA by the 
multiplier, then the quotient will be equal to the mul- 
tiplicand ; or divide the fame produA by the multipli- 
cand, and the quotient will come out equal to the multi- 
plier ; or in general divide the produA by cither of the 
two faAors, and the quotient will come out equal to the 
other faAor, when the operations are all right. But 
the more ufual, and compendious way of proving Mul- 
tiplication, is by what is called cafting out the nines ; 
which is thus perfonned ; Add the figures of the mul- 
tiplicand all together, and as often as the fum amounts 
to 9, rejcA it always, and fet down the lalt ovc^lua as 
in the margin j this in the foregoing 
example is 8, Thdn do the fame by 
tile multiplier, fetting down tlic laft 7 

overplus, which is 2, on the right g * 

the former remainder 8. Next multi- 
ply thefe two remainders, 2 and 8, 7 

together, and from their prod u A 
16, call out the 9, and there remains 
7, which fet dovyn over the two former, • LafUy, add 
up, in the fame manner, all the figures of the whole 
produA of the multiplication, viz 1 487 20U, calling 
out the 9^8, and then there remains 7, to be fet down 
under the two firll remains. Then when the figure 
at top, is the lame as that at bottom, as they are here 
both 7*8, the yvork it may be prefumed is right ; but 
if thcic two figures (hould not be the fame^it is cer- 
tainly wrong, 

2. To MuUi^y Money, or any diet thing, totting of 
different Daummatkns together, by any rmnber, ufually 
called ComJ>ound MtcJtipiication't Beginning at the lowed, 
multiply the number of each denomination feparatcly 
by the multiplier, fetting down the produAs below 
thciq. But if of thefc produAs amount to at much 


at I or more of the next higher denominationr, carry 
20 many to the next produA, and fet down only the 
overplus. For £x» lo find the amount of 9 things at 
il I2 8^4id. each ; or to multiply tl i2 8 4.id by 9: 
fet the multiplier 9 under the 
given fum as in the margin, and ltd. 
multiply thus : 9 halfycncc i 12 4]^ 

make 4d halfpenny, fet down 9ti 

i penny, and carry 4 ; then 9 ' ■ 

times 4 are 36, and 4 to carry 14 u 4^- 

make 40 pence, which arc 3 s and — 

4d, fet down 4 and carry 3 ; 
next 9 times 12 arc 108, and 3 to carry, make nr 
fhillingB, or 5 I 11s, fet down 1 1 , and curry 5 ; laftly 
9 tim<.s I are 9, and 5 to cairy, make 14, which fci 
down ; and then the whole amount, or produA, come* 
to 14I IIS 4id. 

^ 3. To Multiply Vulgar Multiply all the 

given numerators together for the numerator of the 
produA, and all the dcnomInatoi*s together for the dc/- 
nominator of the produA fouglit. 

Thus, multiplied by — ,or-- X — make — . 

3 5 3 5 15^ 

A ^ 3 2 3 , 18 

And — X — X — make — . 

^, 5.5 7 175 

And ho4*c it may be noted that, when there arc any 
common numbers in the numerators and denominators, 
thefe may be omitted from both, which will make the 
operation ihorter, and bring out the whole produA in 
a frilAion much fimpler antfin lower terms. Thus, 

23?. 

— X — X’k; by leaving out the two 3^, become 
340 * 

2x5 10 c 

4X6 24 12 

Alfo, when any numerators and denominators wiH 
both abbreviate or divide by one and the fame nninber, 
let them be divided, and the quotients ufed inftcad of 
them. So, in the above example, after omitting the 
two 3^8, let tlie 2 and 6 be both divided by 2, and ufc 
the quotients i and 3 inilead of than, fo (hall the ex- 

preflion become ^ , as before. 

4 X 3 ^2 

4. To Multiply DectmoJs. — Multiply the giVen num* 
bers together the fame as if they were whole numbers, 
and point off as many decimals in the whole produA ai^ 
there are. in both faAois together j 

as in the annexed example, where 2*3^5 

the number of decimals is five, 21*85 

becaufe there arc three (n the — - 

multiplicand, and two in the mid- • ’3830 

tiph'er. — ^AVhen ix happens 18440 

there arc not fo many figures nt 23(^5 

the pioduA as there mim be de- 4610 

cinialH, thea prefix, as many ci- — « 

pliers as will fupply the defeat. 

5. Croft Multiplication, otherwife called Du> 
decimal jdrUhmetic, is the multiplying of numbers tog©- 
thcr whofc fubdivifions proceed by 12V; a» feet, 
inchet, and parts, that is i2t{i parts, kc; a thing 
of very frequent ufr in fquaring, or multiplying toge- 

a I her 
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'ifjer*thc dlmenrioris of the works of bricklayers, car- 
jptntm, and other artificers. For Example, To mnl 
tiply 5 feet 3 inches by 1 feet 
4 Juches. iSct them down as in the 
margin, and multiply all the parts 
of the multiplicand by each part of 
the multiplier; 2 times 3 

make 6 iiiclnvi, and 2 times 5 make 
10 feet ; then 4 times 3 make 12 
partu, or i inch to cany; and 4 
tj'nicfl y make 20, and i to carry 
makes 21 inches, or if. ^inc. to 
fet down below the former line : 

Laftiy adding the two lines to^^ether, the whole fum or 
prodiidl amoinitfi to lif. ^inc. 

6 , Multiplication- /// /l/'^ehn. 'fhis is performed, 

I. When the cpiantities are by only johnny llie 

letters together like a word ; and if the fimple quanti- 
ties h'ue any coefiicienLs or numbers joined with them, 
multiply the numbers together, and prefix tlie product 
of them to the letters fo joined together. But, in al- 
gebra, we have not only to attend to the <|uantilic 3 
llieinfelvcs, but alfo to the figns of them ; and the ge- 
neral rule for the figns is this: When the figns are 
alike, or the fame, either liotli -f or both — , then 
the lign of the produd will always be -f » but when 
file figns arc different, or unlike, tlic one 4-» and the 
other then the fign of the produ^i will be — . 
Hcocc thefe 

Examples. 


Mult. 

T$y 


a — 2/2 + 6 x — 8.V — ^ab 

•b ^ ^ ^ *** 5 ^^^ 


Products + +3(7^ — 18^71’ — 40^7^ -b \^a*'bc 


2. In Compound quantities, multiply every term 
or part of the multiplicand by each term fcparatclyof 
the multiplier, and let down all the products with their 
Jigns, colleding always into one fum as many tenns as 
arc iimilur or like to one another. 


Examples. 


a ^ b 


a *4* ^ 

a b 


4- tih 

1 

It 

a' 4- ob 

+ rti + I* 

— 4- 3* 

^ ah ^ 

/I* 4- 4* b^ 

— 2ab d- 3* 


2(1 — 3 ^ 

2l7 + 4 .V 

U*— 4IX 

4/7 4-5<^ 

2a — 44 ? 

2a-p-2x 

Ba* — 1 2ab 

4 / 7 * 4" Biwc 

— 2 i/*.v 

4- loab-^isb^ 

— 8i2X — i 6 v* 

4 - 277^r — 2 ua* 

211 ^- 153 ^ 4rt» . ~i6x» 

2<7> . — 2a.\^ 


multiplied' together, and the fof fame fnrd 
prefixed to tbeproda6l;'batlf dot, di^Perent 

lards may be fet doVrn with fome htfurkMthMplica* 
tion between them, to denote thciV produ^ 


5 3 

2 4 

Examples* 


10 6 

v^7 1/7^^ */i2a 

6 a^2ex 

I 9 

s^>x ^5 VJ"* 

ibj^^ax • 

12 3 

35^//7r.v^ \/$y X/iBaHc ^3617* 

= 6 a I 2 ab \/ 6 acx *^ 


3. In Surd quantities, if the terms can be reduced 
to a common furd, the quantities under each may be 


4. Powers or Roots of the fame quantity are multi- 
plied together, by adding their exponents. 

Thus, /I- X = and a -p x X iTq- x\ 5 ^ j * 4 ^* : 

IS f r 

alfo .x- X i‘*=:.N^;and = «* or it. 

To Multiply Numbers together by Lognr}ihms,‘—T]\h 
is performed by adding together Ihe logarithms of the 
given numbers, and taking the number ani'wering to that 
lum, which will be the produd fought, 

Dts Cartes, at the beginning of his Geometry, per- 
forms Multiplication (and indeed all the other common 
arithmetical rules) in geometry, or by lines ; but this is 
no mure than taking a 4th proportional to three given 
lines, of which the fir II reprefents unity, and the 2d 
and 3d the two factors or terms to be multiplied, the 
prodinSI being exprefled by the 4th proportional ; be- 
caiife, ill every multiplication, unity or i is to cither of 
the two-fadlors, as the other faftor is to the produd. 

MULTIPLE CATO R, is the number or quantity 
by which another is multiplied ; and is otherv ife called 
the multiplier, , 

MULTIPLIER, or Multi plicator, is the num- 
ber or quantity which multiplies another, called the 
multiplicand, in any operation of multiplication. 

MUNSTER (Sebastian), an eminent German 
divine and mathematician, w^as born at Ingclheim in 
1489. At the age of 14 he was fent to Heidelberg to 
ftudy. Two years after, he entered the convent of 
the Cordeliers ; where he afluluoully Itudled divinity, 
mathematics, and geography. He was the firft who 
publiftied a Chaldee Grammar and Lexicon ; and he 
ihortly after gave the world a Talmudic Didlonary. He 
afterwards became profeflbr of the Hebrew language at 
Bafil. He was one of the firll who attached himfdf to 
Luther, and embraced Protcilantlfm i yet behaved 
himfelf with great moderation ; never concerning him- 
felf with their disputes ; but ihut himfelf up at home 
and purfued his favourite ftudies, which were ma- 
thematics, natural philofophy, with the Hebrew and 
other Oriental languages. He publifhed a great num- 
ber of books on thefe fubje^ls ; particularly, a Latin 
verfion, from the Hebrew, of all tne books of the Old 
Teilamcnt, with learned notes, printed at Bafil in 1534 
and 1546 ; Jofephus’s Hillory of the Jews in Latin ; 
a Trcatife of Dialling, in folio, 1536 ; Univerfal Cof- 
mography, in 6 books folio, Bafif lyjo* thefe 

works he wasflyled the German Strabo ; ashe u'as the 
German Efdras, for his Oriental w'ritings. 

M under was a meck-tempered, pacific, dudious, 
retired man, who wrote a great number of books, but 

never 
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never meddled in controvierl7,-^He died of the plague 
atBafil, ini55Jfci at 63ycarf of age. 

MURDERERS^ anmall fpecies of ordnance once 
nfed on ftilpboard 5 but now but of ufe. 

MUSIC, the firience of found, confidcrcd as capa- 
ble of producing melody, or harmony. 

Among the Ancients, Mufic was taken in a much 
more extendve fenfe than among the Moderns ; what 
we cal! the fciencc of Mufic^was by the Ancients ra- 
ther called Harmonica. 

Mufic is one .of the feven fcicnces called liberal, and 
comprehended alfo among the mathematical fcienccs, 
as having for its objed dlicrete quantity, or number ; 
not however confidcring it in the abftraA, like arithme- 
tic ; but in relation to time and founds with intent to 
coniUtute a delightful harmony. 

This fciencc is alfo Theoretical and Praftical. Thco- 
reiical, which examines the nature and properties of 
concords and difeords, explaining the proportions be- 
tween them by numbers. And Praflical, which teaches 
not only compofition, or the manner of compofing 
tunes, or airs ; but alfo the art of finging with the 
voice, and playing on mufical inftrumeiits. 

It appears that Mufic was one of the moft ancient 
of the arts ; and, of all others, Vocal Mufic mull 
doubtlcfs have been the drft kind. For man had not 
only the various tones of bis own voice to make his 
obfervations on, before any other art or inflrumeiit was 
found out, but had the various natural flrains of birds 
to give him occafion to improve his own voice, and 
the modulations of founds it was capable of. The firft 
invention of wind inftruments Lucretius aferibes to 
the obfervation of the winds whifUiug in the hollow 
reedi. As for other kind* of inftruments, there were 
{() many occafions for cords or filings, that men could 
not be long in obfervdng their various founds ; which 
might give rife to Itringed inftruments. And for the 
pulfativc inftruments, as drums and cymbals, they 
might arife from the obfervation of the naturally hol- 
low noife of concave bodies. 

As to the inventors and improvers of Mufic, Plu- 
tarch, in ortc place, aferibes the firfl invention of it to 
Apollo j and in another place to Amphion, the fon of 
Jupiter and Antiopc. The latter indeed, it is pretty 
generally allowed, firft brought Mufic into Greece, and 
invented the lyre. '' 

To him fuccccdcd Chiron, the demigod ; then Demo- 
docus ', Hermes Trifmegiftus : Olympus; and Orplie- 
11% whom fome make the firft introducer of Mufic into 
Greece, and the inventor of the lyre : to whom add 
Phemius, and Terpander, who wa* contemporary with 
Lycurgus, and fet his laws to Mufic ; to whom alfo 
fome attribute the firft inftitution of mufical modes, 
and the inventton of the lyre : laftly. Inhales ; and 
Thamyris, who, it has been faid, was the firfl inventor 
of inftrumcntal Mufic without finging. 

Thcfe were the eminent muficians before Homcr^s 
time : others of a later date were, Lafus Hcrmioncnlis, 
Mclanippides, PhHpxenus, Timotheus, Phrynnis, Epi- 
gonius, 'Lyfander,*^ Simmicus, and Diodorus ; who 
were all of them confidcrable improvers of Mufic. 
Lafus, it is faid, was the firft author who wrote upon 
Mufic, in the time of Darius Hyftafpia ; Epigonius in- 
vented an inflr 4 iiicntpf 40 firings, called thcEpigonium. 


Simmicus alfo invented anifeftniment of firing 
called a Simmiciutn ; Diodorus improved the Tibia, by 
adding new holes ; and Timotheus the Lyre, by adding 
a new firing ; for which he was fined by the Lacede- 
monians, / 

As the accounts we have of the inventors of mufical 
inftruments among the Ancients ait very obfeure, fb 
alfo are the accounts of thofc inftruments thcmfclves ; 
of moft of them indeed we know little moie than the 
bare names. 

The general divifion of inftruments is, into ftringed 
inftruments, wind inftruments, and thofe of the pulfatilc 
kind. Of ftringed inftruments, mention is made of the 
ly rjior cithara, the pfalterium, tri^onum, fambuca, pcc- 
ti% magas, barbiton, teftudo, epigoniiim, fimmicium, 
and pandcron ; which were .all ftruck with the hand, or 
a ple£lium. Of wind inftruments, were the tibia, fif- 
tula, hydraulic organs, tubx, cornua, and lituus. And 
the pulfatilc inftruments were the tympanum, cymba- 
lum, creptaculum, tintiunabulum, crotaliim, and fif- 
trum. 

Mufic has ever been in the highefl clleem in all ages, 
and among all people ; nor could authors exprefs their 
opinion of it ftrongly enough, but by inculcating that 
it was ufed in heaven, and as one of the principal enter- 
tainments of the gods, and the fouls of the blcfied. 
The cffc£ls aferibed to it by the Ancients are almoft 
miraculous ; by its means, it has been faid, diicafes 
have been cured, unchaflity correded, feditions quelled, 
palfioiis raifed and calmed, and even madnefs occalion- 
cd. Athenjcus affurcs us, that anciently all laws, divine 
and civil, exhortations to virtue, the knowledge of di- 
vine and human things, with the lives and adions of il- 
luftrious men, were written in verfe, and publicly fung 
by a chorus to the found of inftruments ; which was 
found the moft effedual means to imprefs morality on 
the minds of m6n, and a right fenfe of their duty. 

. Dr. Wallis has endeavoured to account for the fur- 
prifing effeds attributed to the ancient Mufic ; and af- 
ciibcs them chiefly to the novelty of the art, and the 
hyperboles of the ancient writings : nor does lie doubt, 
but the modern Mufic, in like cafes, would produce ef- 
fedisat leaft as coniiderable as the ancient. The truth 
is, we can match moft of the ancient ftorics of this kind 
in the modern hiftorie*. If Timotheus could excite 
Alexander's fury with the l^hrygian mode, and footh 
him into indolence witli the Lydian ; a more modern 
muficlan has driven Eric, kiim of Denmark, into fuch 
a rage, as to kill his beft fervants. Dr. Niewentyt 
fpcaks of an Italian who, by varying his Mufic from 
brifli to folcmn, and the contrary, could fo move the 
foul, as to caufc diftradion and madnefs ; and Dr, 
booth has founded his poem, called Mufica Incantans, 
on .an iullance he knew of the fame kind. 

Mufic liowever Is found not only to exert its force ca 
the alFcdions, but on the paits of the body alfo ; wlt- 
nef* the Gafeon knight, mentioned by Mr. Boyle, lyho 
could not contain his water at the playing of a bagpipe ; 
and the woman, meutioneti by the lame author, who 
would buift into tears at the hearing of a certain tune, 
with which other pifople were but a little affeded. To 
fay notliing of the tiite ftory of the Tarantula, wc 
have an inftance, in the Hillory of the Academy 
of Sciences, of a mufician being curcu of a violent 

.fever. 
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fcvCT, "by a liiUe concert cccifipnaUy played in liis 
room. 

Nor tre our minds and bodies alone affeded with 
founds, but even manimalc bodies are fo. Kircher 
fpcaks of a large ftonc, that would tremble at the 
iound of one particular organ pipe ) and MorhofF 
mentions one Peiter, a Dutchman, who could break 
1 ummer-glaflcs with the tone of his voice. Merfcnne 
alfo mentions a particular part of a pavement, that 
would (hake and tremble, as if the earth would open, 
when the organa played. Mr. Boyle adds, that feats will 
tremble at the found of organs j that he has felt his 
hat do fo under his hand, at certain notes b<ith of or- 
gana and difeourfe ; i^d that lie was well informed 
every well-built vault would thus anfwcr to fume deter- 
minate note. 

It has been difputcd among the Learned, whether 
the Ancients or Moderns bed underllood and pradifed 
Muiic. Some maintain that the ancient art of Mufic, 
by which fuch woiuierful effeds were performed, is 
quite loll ; and others, that the true fcience of harmo- 
my is now arrived at much gi^catcr perfedion than was 
known or pradifed among the Ancients, This point 
feems no other way to be determinable but by compar- 
ing the principles andpradicc of the one with thole of 
•the other. As to the theoiy^ or principles of harmo- 
/nics, it is certain we underlUind it better than the An- 
.cients ; bccaufe we know all that they knevr, and have 
improved confidcrably on their foundations. The great 
nlilpute then lies on the pradice ; with regard to which 
it maybe obferved, that among the Ancients, Mulic, 
in the moil Hmitifd fenfe of the word, included Har- 
mony, Rythmus, and Verfe ; and confided of verfes 
fung by one or more voices alternately, or in choirs, 
fometimea with the found of inftruments, and fomelimes 
<by voices only. Their mufical faculties, we have juft 
<ibfcrved, were Melopoeia, Rythmopocia, and Poefis ; 
the firft of which may be conlidcred under two heads, 
Melody and Symphony. As to the latter, it feems to 
^contain nothing but what relates to the condu£l of a 
llnglc voice, or making what we call Melody. It docs 
mot appear that the Ancients ever thought of the con- 
cert, or harmony of parts ; which is a modern in- 
vention, for which w^c arc beholden to Guido Arctaic, 
M Benedidinc friar* 

Not that the Ancients never joined more voices or 
inftruments than one together in the fame fymphony ; 
but that tlicy never joiued feveral >uice 5 fo as that each 
bad a diftind and proper melody, which made among 
tjrcm a fucceffion of various concords, and were not in 
«very note unifops, or at the fame diftancc from each 
either as odavea. This tail indeed agrees to the gene- 
ral definition of the word Symphoma ; yet it is plain 
that in fuch cafes there is but one fong, and all the 
-voices perform the fame individual melody. But when 
the parts differ, not bjr the tCDllon of the whole, but 
by the different relations of the fucccffivc notes, this 
is the modern art, which requires fo peculiar a genius, 
and on which account the modem Mufic feems to liavc 
much the advantage of the ancient. For farther fatif- 
fadion on this head, fee Kircher, Perrault, Wallis, 
Malcolm, Ccrceau, and others ; who unainmouily agree, 
that after all the pains they have taken to know the tnie 
tlic Mufic of the Ancicots, the/ could not find 


the lead reafoa to think there was any fuch thing in 
their days as Mufic in part^ 

The ancient mufical notes arc very myftcrious and 
peqdcxed : Boethius and Gregory the Great firft put 
them into a more eafy and obvious method. In the year 
1204, Guido Aretine, a Bentedidine of Arezzo in 
Tufeany, firft introduced the ufe of a ftaff with five 
lines, on which, with the fpaces, he marked his notes 
by fetting a point up and down upon them, to denote 
the rife and fall of the voice : though Kirchcr fays this 
artifice was in ufe bcfoie Guido’s tunc. 

Another contrivance of Guido’s was to apply the 
fix mufical fy liable*, ut, mi, fa^ fol, la, which he 
took out of the Latin hymn, 

UT quean t laxis REfonarc fibris 

Mira gcftonim FAmuli tuorum, 

SOLve polliiti LAbii rcatum, 

O Patet Alme. 

We find another application of them in the following 
linca. 

UT RElcvit MIferum FAtum, SOLitofque LAbores 

Aevi, fit dulcis mufica noftcr amor. 

Bdldcs his notes of Mufic, by which; according to 
Kircher, he diftipguiftied the tones, or modes, and the 
feats of the femitones, he alfo invented the fcale, and fe- 
.vcral mufical inftruments, called polypledra, as fpincts 
and haqfilchords. 

The next confiderable improvement was in 1330, 
when Joannes Muria, orde Muris, dodor at Paris (or 
as Bayle and Gefncr make him, an Engliftiman), in- 
vented the different figures of notes, which exprcls the 
times or length of every note, at leaft their tiue relative 
proportions to one another, now called longs, breves, 
lemi-breves, crotchets, quavers, &c. 

The mod ancient writer on Mufic was Lafus Hcr- 
mionenfis ; but his works, as w'ell as ihofc of many 
others, botli Greek and Roman, are loft. Arilloxc- 
nus, difciple of Ariftotlc, is the carlieft author extant 
on the fubjed : after wliom came Euclid, author of the 
Elements of Geometiy ; and Ariftides Quintilianus 
wrote after Cicero’s time. Alypius ftands next ; after 
him Gaudentius the philofopher, and Nicomachus the 
Pythagorean, and Bacchius. Of whkih feven Greek 
authors we have a fair copy, with a tranflation and 
notes, by Meibomius. Ptclomy, the celebrated af- 
tronomer, wrote in Greek on the principles of harmo- 
nics, about the time of the emperor Antoninus Pius, 
This author keeps a medium between the Pythago- 
reans and Ariftoxcnians. He was fuccccdcd at a con- 
fidcrable diftancc by Manuel Bryennius. 

Of the Latins, have Boetius, who wTote in the 
time of Thcodoric the G.oth ; and one Cafliodorus^ 
about the Came time ; Martianus, and St. Augnftine, 
not far remote. 

And of the modems we Zarlui, Salinas, Vincenzo 
Galileo, Doui, Kircher, Merfcnne, Paran, De Caux, 
Perrault, Des Cartes, Wallis, Holder, Malcolm, Rouf- 
fcau, &c. 

Musical Numbert^ arc the numbers a, 3, and 5, to- 
gether with their compofites. They are fo caUeii, fie* 
caufc all the intervals of mafic may be expreffed by 
fuch numbers^ This is now geoerally admitted by 

mufical 
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mufical ihconfts. Mr. Euler feems to fuppofe, that 7 
or other primes might beSntroduced ; but he fpenhs 
of I his as a doubtful and difficult matter. Here 2 cor- 
refponds to the o^lave, ^ 3 t6 the fifth, or rather to the 
1 2th, and 5 to the third major, or rather the feven- 
teenth. From thefe three may all other intervals be 
finind. 

Musical Proportion, Or Harmonical Proportion, is 
T^hcn, of four terms, the firfi is to the 4th, asthedif- 
furnce of the 1 ft and 2d is to the difference of the 3d 
a'icl4th : as 2, 3, 4> and 8 are in Mulical proportion, 
bccanfe 2 : 8 : : l : 4. And hence, if there be only 
tliree terms, the middle term fiipplying the place of 
both the 2d and 3d, the ill is to the 3d, as the differ- 
ence of the I ft and ad^ is to the difference of the 2d 
ar.tl 3d : as in thefe 2, 3, 6 j where 2 ; 6 : : i : 3. 
See H \ R M o N I c A L Proportion, 

MUSSCHKNBllOEK (Pf.ter), a very diftin- 
guifln-d natural philofopher and mathematician, was 
hot n at Utrecht a little before 1 700. He was lirft pro- 
fifMir of thefe fcicnces in-liis own univerlity, and after- 
wauh invited to the chair at Leyden, where he died 
full of reputation and honours .in 1761. He was a 
iTieinbcr of fcveral academics, particularly the Acade- 


my of Scrences at Parii. -He publifhed ' feveral works 
in Latin, all of them fiicwing his g^eat pciKtratioi 
and accutaoy. As, , 

1. His Elements of Phyfico-Mathematics, in 1726. 

2. Elements of Phy lies, in i73(). 

3. Xnftitutions of Phyfics ; containing an abridge 
ment of the new difcovcrics made by the Moderns ; 
in 1748. 

4. Introduflion to Natural Philofophy ; which be be* 
gau to print in 1760; and which was completed and 
publifhed at Leyden, in 1762, by M. Lnlofs, after the 
death of the author. It was traiiflated into Frendi by 
M. Sigaud de la Fond, and publifhed at Paris in 1769, 
in 3 Yols 4to; under the title 0# A Courfc of Expci i- 
nrental and Mathematical Phyfics. 

He had alfo fevcral papers, chitfiy on meteorology, 
printed in the volumes of Memoire of the Academy 
of Sciences, via, in thofe of the years 1734, 17351 
*753» 1756, and 1760. 

MUTULE, a kind of (quare modillion in the Do- 
ric fri/.e. 

MYRIAD, the number of 10,000, or ten thou- 
fand. 


N. 


NAB 

N AP.ONASSAR, firft king of the Chaldeans; 

memorable for the Jewifh era which bears his 
name, which began on Wednefday February 26th in 
the 3967th year of the JiJian period, or 747 years bc- 
ftre Chrift ; the years of this epoch being Egyptian 
ones, of 365 days each. This is a remarkable era in 
ihronology, becaufc Ptolomy aflurcs us there were 
adionomicjft obfervations made bv the Chaldeans from 
Nabonaffar to his tim6 ; alfo Ptolomy, and the other 
aflronomers, account their years from that epoch. 

Nabonaffar wus the firft king of the Chaldeans or 
Babylonians. Thefe having revolted from the Modes, 
who Jiad overthrown the Aflyrian monarchy, did, under 
Nabonaffar, foupd a dominion, which was much 
incrcafed under Nebuchadnezzar. It is probable 
this Nabonaffar is that Baladan in the 2d Book 
t'f Kings, XX, 12, father of Mcrodach, whofent am- 
baffadors to Hezekiah. Sec 2 Chron. xxiu 

nadir, that point of the heavens diametrically 
under our feet, or oppofite to the zenith, which is di- 
itfUy over our h<fads. The zenith and Nadir arc 
the two poles of the horizon, cacb being 90® diftant 
from It. 

The Sun*s Nadir, lathe axis of tbc cone proje£led 
by the (hadow of. the earth : fo caEcd, becaufc that axis 
Vou II. 


NAP 

being prolonged, gives a point In the ecliptic diametri- 
cally oppofitc to the fun. 

NAKED, in Architc<Rure, as the Naked of a wall, 
kc, is the furfacc, or. plane, from whence the projec- 
tures arife ; or which ferves as a ground to the projcc- 
tures. 

NAPIER, or Neper f John), baron of Mcrchifton 
in Scotland, inventor of the logarithms, was the eldeft 
fon of Sir Archibald Napier of Merchifton, and born in 
tbc year 1550. Having given early indications of 
great natural parts, his father was careful to have them 
cultivated by a liberal education. After going through 
the ordinary courfc of education at the univerfity of St. 
Andrew's, he made the tour of France, Italy, and Ger- 
many. On his return to his native country, his lite- 
rature and other fine accompHfhmcnts foon rendered 
him confpicuous ; he however retired from the world 
topurfue literary refearches, in which he made an ur* 
common progrefs, as appears by the fevcral ufcful dif- 
coveries with which he afterwards favoured mankind* 
He chiefly applied himfelf to the ftudy of mathematics; 
without however neglcfting that of the Scriptures ; 
in both of which he difeovered the moft cxtcnfivc. 
knowledge and profound penetration. His Eflay upon 
the book of the Apocalypfc indicates the molt acute 
T irtveftigation .. 
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iavedigatjon ; though tkne hath difcotered tbnt Ids 
Cdiculationt concerning particular events had pro- 
ceeded upon faUacious data. But what has chiefly 
rendered bis name famous, wash/s great and fortunate 
difeovery of logswitlimB in trigonometry, by which the 
Cafe and expedition in calculation have fo vvon<Iei fully 
aififted the fcicncc of aftronomy and the arts of prac- 
tical geometry and navigation. Napier, Imving a great 
Attachment to aftronomy, and fphcTical trigonometry, 
had occafioii to malec many numeral calculations of 
fuch triangles, whh fines, tangents, ; and tliefc 
being exprefied in large uiunbera, tltcy hence occalion- 
fd a great deal of labour and trouble To fparc them- 
felvcs part of this Ubrhir, Napier, and other atithors 
about h« time, fi t thtmfelvcs to find out certain fliort 
inodes of calculation, as is evident from many of their 
Writings. To this neccfTity, and theie endeavours it 
is, that we owe fcveral ingenious contrivances ; parti- 
cularly the coinjuitation byNapiei*8 Rods, and fevcral 
efther curious and fhort methods that aie given in his 
Habiklogia ; and at length, after trials of many other 
means, the mofi complete one of logarithms, in the 
aflual conflrutiion of a large table of numbers in arith- 
metical piogieffion, adapted to a fet of as n.uny others 
in geometrical piogrefiioii. The pioperty of fuch num- 
bers had been long known, viz, that the addition of the 
former anrwered to the multiplication of the latter, 
&c; hut it wanted the necefiity of fuch very trouble- 
fome calculations as thofc above mentioned, joined to 
an ardent difpofition, to make fuch a ufc of that pro- 
I^rty. Perhaps alfo this difpofition was urged into ac- 
tion by certain attempts of this kind which it feems 
were made clfewhere j fuch as the following, related 
by Wood in his Athene Oxonienfes, under the article 
Briggs, on the authority of Oughtred and Wingate, 
▼i*, That one Dr. Craig a Scotchman, coining out 
of Denmark into his own country, called upon John 
Keper baron of Marchefton near Edinburgh, and told 
him among other difeourfes of a new invention in 
Denmark (by Longomontanus as His faid) to favc the 
tedioM multiplication and dWifion in agronomical cal- 
culations* Neper being felicitous to know farther of 
him concerning this matter, he could give no other ac- 
count of it, than that it was by proportionable numbers. 
Which hint Neper taking, he defired him at his re- 
turn to call upon him again. Craig, after feme wrecks 
had pafled, did fo, and Neper then (hewed him a rude 
draught of that he called Canen Mirnkilts Logarithmo- 
Whicii draught, with fome alterations, he print- 
ing in 1614, forthwith into the hands of our au- 

thor Briggs, and into thofc of Willlum Oughtred, from 
whom the relation of this matter came.** 

Whatever might be the inducement however, Na- 
pier published hi8 invention in 1614, under the title of 
Logaritfmonm Canonis Def'riptlo, Cifc, conta'uing the 
fonftruflion and canon of his logarithms, which are 
thofc of the kind that is called hyperbolic. This 
work coming prefintly to the hands of Mr, Briggs, 
then Prolcflor of Gec'incny at Greihiam College in 
London, he immediately gave it the greateft encourage- 
ment, teaching the nature of the logarithms in nis 
public icd^orcs, ana at the fame time recommending a 
change in the fcalc of them, by which they might be 
advaatageovlly altered to tUe kind which he afterwards 
3 


computed liimfcif, which Are thence tailed BrfnW* 
Logarithms, and are Ihokmow in common ufe. ^ 
Briggs aJfo prefentJy wrote to lord Napier upon thii* 
propofed change, and made journeys to BcotJand 
the two following years, to vifit Napier, and confuh 
him about that alteration, before he fet about makini; 
It. Briggs, in a letter to archbifhop Uflier, March 10* 
i6iy, writes thus : « Napier lord of Markinfton hath 
let mv head and hands at work with his new And ad- 
mirable logarithms. I hope to fee him this fuinmcr, if 
It pleafe God j for I never faw a book which pleafed 
me better, and made me more w'onder.’* Briir^s ac- 
cordingly made him the vifit, and Ibid a month with 
him. 

The following paffage, from the Iffe of Lilly the 
attrologer, contains a curious account of the meeting 
“ t 'vill acquaint you 
(layH Lilly) with one memorable flory related unto me 
by John Marr, an excellent mathematician and gcome- 
tiician, whom I conceive you remember. He was fer- 
vant to King Janus and Charles tfie Firft. At firft 
when the lord Napier, or Marchifton, made public his 
o^rithms, Mr Briggs, then reader of the aftronomy 
lettu.es at Grediam College in London, was fo fur- 
pnfed with admiration of them, that he could have no 
SUietnefs in himfclf until he had feen that noble perfon 
tnc lord Marchifton, whofe only invention they were • 
he acquaints John Marr herewith, who went into Scot*, 
and before Mr. Bnggs, purpofely to be there when 
thcle two fo learned perlons (hould meet. Mr. Briinrs 
•ppomts a certain day when to meet at Edinburgh; 
but failing thereof, the lord Napier was doubtful he 
would not come. It happened one day as John Marr 
. T A ° fpoaking of Mr. BnWs i 
Ah, John (faid Marchifton), Mr. Briggs will not now 

at the cate ; 

lohn Marr hafted down, and it proved Mr. BnVTrs to 
his great contentment. H.e bring, Mr. Briggs ,?p into 
my lord s chamber, where almoft one quarter of an hour 
was fpent, each beholding other almoft with admiration 
before one w-ord was fpoke. At laft Mr. Briggs began : 
My lord, I have undertaken this long journey purpofdy 
to fee your perfon, and to know by what engine of wit 
or ingenuity you came firft to think of this moftexcc'- 
ent heliJ into aftronomy, viz, the logarithms ; but, my 
lord, being by yon found out, 1 wonder no body elic 
found it out betorc, when now known it is fo eufy * 
He was nobly cntertai.-.ed by the loid Napier; and every 
fummer after that, during the lord's being alive, this ve- 
ncrable irian Mr. Briggs went purpofely into Scotland 
to viiit him.” 

Napier made alfo confidcrablc improvements in fphe- 
rical tri^gonometry &c. particularly by his Catholic or 
Umverial Rule, being a general theorem by which be 
refolvesall the cafes of nght-angled fpherical triangle, 
in a manner veiy fimplc, and eafy to be remembered, 

namely, by what he calls the Five Circular Parts. Hi, 
ConUruaion of Logarithms too, befide the labour of 
thcni, manifefts the greateft ingenuity. Kepler dedi- 
pted his EphemerMcs p Napier, which were publlfhed 
in the year i6i 7 ; and it appears from many paftages in 
hi, letter about this time, that he accounted Napier to 
be the grrawft man his age in the particular depart- 
roent to which he applied his abilities. 

The 
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The laft literary cxertioji of this eminent perfon wm 
the publication of hia RahMogy and Ptomphtat^^ in the 
year 1617 ; foon after which be died at Marcbllon, the 
3d of April in the fame vear, in the 68th ye« of bin 
gge. — The lift of his works is as follows : 

*1. A Plain Difeovery of the Revelation of St. John; 
1593. 

2 . LogarkLmrum Canonis Dfferiptio } i6f4. 

3. Mlrifici Lffgarithhuoj'um Canonis Coujlnt^io ; ei 
tortim ad Naturaks ifforum ttumero: hebitudmes ; mia cum 
apptnd'iccy de afia caque frd'Jltxnikrc I .oganthmorum ^fpecie 
condcnda, ^libus aicejjere prQpoftUoiies ad tnan^ula 
fpbanca faciUorc calculo refvhetula. Ihia cum Annota-^ 
ttomins aliquot dotl'ijfimt /). Hmr 'ici Briggii in eas^ ^ »;r- 
nif>yatdm appendlutn* Publiihed by the autlior’s foil in 


1619 . 

4. Rahdologia^Jtu Numcratwnis per Ftrgulasy lihri duo ; 
1617. This contains the defeription and ufe of the 
lioncs or Rods j with feveral other ftioit and ingenious 
modes of calculation. 

5. His Letter to Anthony Bacon (the original of 
wliich is in the archhilhop^s libraiy at Lambeth), in- 
titled, Secret Inventions, Profitable and Neceflary in 
tlufe da) 3 for the Defence of this Illand, and with- 
ftanding Strangers Enemies to God’s Truth and Re- 
ligion ; dated June 2, 1596. 

Napifr’s Bonety or Rods^ an inftrument contrived by 
lord Napier, for the more ealy performing of the 
arithmetical operations of multiplication, divifion, &c. 
Thefc rods arc five in number, made of Bone, ivory, 
horn, wood, or pafteboard, &c. Their faces arc di- 
vided into nine little fquafes (fig. 7, pi. 16) ; each of 
which is parted into two triangles by diagonals. 
In thefc little fquarcs arc written the numbers of the 
multiplication-table ; in fuch manner as that the units, 
or right-hand figures, are found in the right-hand tri- 
angle : and the tens, or the lcft»-hand figures, in tlic 
left-hand triangle ; as in the figure. 

To Multiply Numbers by Napier’s Bones. Difpofe 
the rods in fuch manner, as that the top figures may 
exhibit the multiplicand ; and to thefe, on the left-hand, 
join the rod of units ; in which feck the right-hand 
figure of the multiplier i and the numbers cdrrelponding 
to it, in tlic fquares of thc#other rods, write out, by 
adding the feveral numbers occurring in the fame 
rhomb together, and their fums. After the fame man- 
ner write out the numbers correfponding to the other 
figures of the multijdier ; difpofing them under one 
another as in the common multiplication j and laflly add 
the feveral numbers into one fum. 


Hr example, fuppofe the mul- 5978 

tipHcand 5978, and the mul- 937 

tiplier 937. From the out ermoft * — ^ 

triangle on the right-hand (fig. 41846 

pi 16) whi^ correfponds to 17934 

the right-hand ugure of the mul- 53802 

tipher 7, write out the figure 6, 

placing it under thedine. In the 5601386 

next rhomb towards the left, add 


9 and 5; their fum being 14, 
write the right-hand figure 4, againft 6 ; canryii^ the 
f^ft -hand figure i to 4 and 3, which are found in tl>c 
next rhomb: oin the fum 8 to 46, already fet down. 
After the fame manner, the Inft rhomb, add 6 aiid-5, 


and tlie. Iwter figure of the fuia ii, fet dawn as before, 
and car^ I to the 3 found in the left-hand triangle ; the 
fum 4 win as before on the left hand of XH46. Thus 
you will have 41846 for the ppodu£l of 5978 by 7. 
And in the fame manner are to be found the produiSls 
for the other figures of the multiplier ; after which 
the whole is'to be added together as ufuul. 

To perform D'rSifon by Napier’s Bones. Difpofe 
the rods fo, as that the upparmofl figures may exhibit 
the divifor ; to thefe on the left-han^ join the rod of 
units. Defccnd under the di\if('r,^ till you inutthofe 
figures of the dividend in which it is lirit required how 
oft the divifor is found, or at leall tlic next Icfs man 
her, which is to be fubtradled fiom the dividsiid,; then 


5978)5601386(^37 

53802 

22118 

17934 

41846 

41846 


the number conefpoiiding to this, in the place of 
units, fet down for a quotient. And by determining 
the other purls of the quotient after the fame inartncr, 
the lUvificm \s ill be completed. 

For example ; fuppofe the 
dividend 5601386, and the di- 
vifor 5978 ; fince It h tirft en- 
quired how often J978 is 
found in 5601 3, defccnd under 
the divifor (fig. 8) till in the 
loweft feriesyou find the num- 
ber 53802, approaching near- 
eft to 56013; the former of 
which is to be fubtra($icd from — - ■ » 

the latter, and the figure 9 

correfponding to it in the lod of units fet dowm for the 
quotient. To the remainder jzii join the following 
figure 8 of the dividend ; and tlie number 17934 being 
found as before for the next lefs number to it, the coric- 
^onding number 3 in the rod of units is to be fet down 
for the next figure of the quotient. After the fame 
manner the third and laft figure of the quotient wdll be 
found to be^7 ; and the whole quotient 937. 

NATIVITY, ill Allrologv, the feheme or figure 
of the heavens, and particularly of the twelve houfes, 
at the moment when a perfou was born ; called alfu thq 
Horofoope. 

To Cajl the Nativity, is to calculate the pofition 
of the heavens, and ere^l the figure of them for the 
time of birth. 

natural Dayy Ycary Sec Day, Year, 


ficc. 


Natural Horiv^Uy is the fenfiblc or phyfical ho- 
rizon. 

Natural Magu^ is that wLich only makes ufe of 
natm-al caufes ; fuch as the Trcatife of J. Bapt. I’orta, 
Magia Naturalia. 

Natural Philofophyy othenvift called Phyfa^ is 
that fcicucc which con fid ers the poweis of nature, the 
properties of iiatuml bodies, and their a^liona upon one 
another. 

Leawi ^Nature, arc certain axioms, or general 
rules, of motion and reft, ohferved by natural bod’es 
in their a^Iipus upon one another. 01 thefe Laws, Sit 
I. Newton has •dUbli filed three ; 

ill Law.— T liat every body peifcvercs m the fame 
ftate, either of reft, or uniform rc£tilincar motion ; ua- 
Icfa it is compelled to change tlint^ftate by the action 
of fomc foreign force or agent. Thus, proje6Iilea 
pcffer^c in their . motioqsi cxo<x>t fo.ft^as they are 
T a ^ maided 
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rthrdcd hy the refdhnce of the air, and the a^ion of 
gntvky : and thus a top, once fet up in motion, only 
ccafes to turn round, btcaufe it is rth/ltd by the aiV, 
and by the fri<Etjon of the plane upon which jt inoves. 
*I’hus alfo the larger bodies of the planets and cornels 
preferve tluir crogrtffive and circular motions along 
time undiriirnifneH, in regions void of all fenfillc K-llli- 
ancc.-— As body is palfivc in receiving its motion, 
and the diredion of itsi motion, fo It retains them, or 
perfcvtRv, in them, \^ilhout any change, till it be afted 
upon by fomethlng cxterjial. 

2d Law. — Lhe Motion, or Cliange of Motion, is 
always pn)portiorial to the moving force by which it 
\i pioductd, and in the direction of the riglit line in 
which that force is iinpvefTed. If a certain force pro- 
duce a certain motion, a double force will pioducc double 
the motion, a triple force triple the motion, and fo 
on. And this motion, fincc it is always diieiled to the 
lame point with the generating force, if the body were 
in motion before, is either to be added to it, as where the 
motions confpire j or fubtradltd from it, as when they 
are oppohte ; or combined obliquely, when oblique ; 
being iuways compounded with it according to the de- 
termination of each. 

3d Law.< — Re-a6lion is always contrary, and equal 
to a£fiun ; or the actions of two bodies upon one an- 
other, arc always mutually equal, and diredted contrary 
ways j and are to be cllimated always in the fame right 
line. Thus, whatever body prcflVs or draws another, 
is equally prefled or drawn by it. So, if I prefs a done 
wuth my finger, the finger is equally prefled by the 
done : if a horfe draw a weight forward by a rope, 
the horfe is equally oppofed or drawn back towards the 
•weight ; the equal tenlion or flretch of the rope hinder « 
igg the progrefs of the one, as it promotes that of the 
other. Again, if an^ body, by ftriking on another, do in 
any manner change its motion, it will ilftlf, by means of 
the otlicr, undergo alfo an equal change in its own mo- 
tion, by reafon of the equality of the preflure. When 
two bodiits meet, each endeavours to pcrfeverc in its Hate, 
und refifts any change : and bccaufc the change which 
is produced in cither may be equally mcafured by the 
aiff ion which it excites upon the other, or by the rcfiltaiicc 
winch it meets with from it, il follows that the changes 
pioduccd in the motions of each are equal, but are 
made in contravv direiSIIons : the one acquires no new 
force but w'hat the other lofes jn the fame diredion ; 
nor does this lad lofe any force but wdiat the other 
acquires ; and hciice, though by their colli funis, motion 
paUes from tlic one to the other, yet the fuin of their 
motions, eftiinatcd in a giv^n diredion, is preferved 
the fame, and is unalterable by their 'mutnal adions 
upon each other. In thefe adioits the changes arc 
equal ; not thofc, w’c mean, of the vebcitics, but thofc 
of the motions, or momentums j the bodies being fup- 
pofed free from any other impediments. For tlic 
changes of velocities, which arc likcwifc made contrary ' 
ways, inafmuch as the motions arc equally changed, 
are reciprocally proportional to the bodies or maflfes. 

This law obtains alfo in attradions. 

NAVIGATION, is the art of conduding a fhip at 
fca from one port or place to another. 

This is periiaps the mod ufcful of all arts, and is of 
the highed antiquity.. It may be impoffibk to fay who 


were the inventors of it ; but it is probable that, many 
people cultivated it, indepcadent of each other, who in- 
habited the coads of the lea, and had occafion, or found 
it convenient, to convey themfclvcs upon the water 
from place to place ; beginning from rafts and logs of 
wood, and gradually improving in the ftrudurc and 
management of their vcflels, according to the length of 
tiiii^, ai.d extent of their voyages; Writci*8 however 
afciibc the invention of this art to different perfons, or 
nations, according to their different fources of informa- 
tion. 'I’hus, 

The poets refer the invention of Navigation to 
Neptune, fome to Bacchus, othm to Hercules, to 
Jafoii, or to Janus, who it is faid made the fird fhip. 
Hidorlans afenbe it to the oLginetes, the Plicenicians, 
Tyrians, and the ancient Inhabitants of Britain, Some 
are of opinion that the fird hint vas taken from the 
flight ot the kite ; and fome, as Oppian (De Pifeibus, 
lib. i) from the fiih called Nautilus; w'hile others 
aferibe it to accident ; and others again deriving the 
hint and invention from NoaVs ark. 

However, hiltory reprefents the Phoenicians, efpe- 
cially thofc of the caiiital Tyre, a.s the fird navigatorr 
that made any extcnlivc progrefs in the art, fo Tar as 
has come to our knowledge ; and indeed it mull have 
been this very ait that made their city what it v.-as. 
For this purpofe, Lebanon, and the other neigh- 
bouring mountains, funiifliing them with excellent wood 
for fliip-building, they were fpeedily maders of a nu- 
merous fleet, with which conllantly hazarding new na- 
vigations, and fettling new trades, they foon arrived at 
an incredible pitch of opulence and populoufncfs ; fo 
as to be in a condition to fend out colonies, the prin- 
cipal of which was that of Carthage ; which, keeping 
up their Phosniciah fpirit of commerce, in time far fur- 
paffed Tyre itfelf ; fending their merchant ffiips through 
Hercules’s pillars, now the draits of Gibraltar, and 
thence along the wedern coads of Africa and Europe ; 
and even, according to fome authors, to Amegca itfelf. 
The city of Tyre being dedroyed by Alexander tliv? 
Gr-eat, its Navigation and commerce were transferred 
by the conqueror to Alexandria, a new city, well 
fituatcd for thefe purpofes, and propofed for the ca- 
pital of the empire of Alia, the eonqued of which 
Alexander then meditated. And thus arofe the Navi- 
gation of the Egyptians ; which was afterwards fo cul- 
tivated by the Ptolomics, Uiat Tyre and Carthage were 
quite forgotten. 

Egypt being reduced to a Roman province after 
the battle of Adtium, its trade and Navigation fell into 
the hands of Auguftus ; in whofe time Alexandria was 
only inferior to Rome ; and the magazines of tlie capi- 
tal of the world were wholly fupphed with merchan- 
dizes from the capital of Egypt-. 

At length, Alexandria itidf underwent the fate of 
Tyre and Carthage ; being furprifed by the Saracens, 
who, in fpite of the. emperor Heraclius, overfpread 
the northern coads of Africa, dec ; whence the mer- 
€hanul>eing driven, Alexandria has ever firtce been in a 
languifhing date, though dill it has a confiderable part, 
of the commerce of the chridian merchants trading to 
the Levant. 

The fall of Rome and its empire drew along w ith it 
not only that of learning and the polite arts^ but that oC 

Naviga- 
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Navigation alfo ; thc^ badwriana, into whofe hands it 
fell, ^ntenting thcmfclvcs with the fpoils of the indnftry 
of dicir predecclTars, 

But no fooncr were the brave among thofe; nations 
well fettled in their ;»ew provinces ; fome in Gaul, as 
the Flanks ; others in Spam, as' the Goths ; and others 
in Italy, as the Lombards } but they began to learn 
the ail vantages of Naviratfon and commerce, with the 
methods of managing them, from the people they 'fub- 
dueej ;.and this with fo much fuccefs, that in a little 
time lome of them became able to give new leffons, 
and lU on foot ne v inftitutions for its udvantage. Thus 
it is to the Lomtiirds we ufually aferibe the invention 
and ufe of banks, book-keeping, exchanges, rcchanges, 

^ It does not appear which of the European people, 
aftn the fcttlcinent of their new mailers, firll betook 
thcmfilves to Navigation and commerce. — Some think 
it began with the French ; though the Italians feem to 
liave the juller title to it, and are ufually confidered as 

iciloiers of them, as well as of the polite arts, which 
had been banilhed together from the time the empire 
was torn afunder. It is the people of Italy then, and 
pmticulaily thufc of Venice and Genoa, who have the 
glory of this relloration j and it is to their advanta- 
geous litualion for Navigation that they in a great 
incafure ov\’c their gloiy* From about tlie time of the 
Cih century, when the inhabitants of the iflands in the 
bottom of the Adriatic began to unite together, and 
by their union to form the Venetian Hate, their fleets 
of mercbantnien were fent to all the parts of the Me- 
diterranean ; and at lall to thofe of Egypt, particularly 
C'aiio, a new city, built by the Saracen princes on 
the caltcriKbaiiks of the Nile, where they traded^ for 
thtir fpices and other produtls of the Indies.^ Ihua 
they flourilhcd, increafed their commerce, their Navi- 
gation, and their coiKjuclls on the terra firma, till 
the league of Cambray in 1508, when a number of 
jealous princes confpired to tbeir ruin ; which was the 
moie eafily eirc^lcd by the diminution of their Eaft- 
India commerce, of which the Portuguefe had got one 
pait, and the French another. Genoa too, which had 
lultivatcd Navigation at the fame time with Venice, 
and that with equal fuccefs, waa a long time its dan- 
gerous rival, difputed with it the empire of the fea, 
ami lhared with it the tradfc of Egypt j and other 
]Kiit8 both of the call and weft. 

Jealoufy foon began to break out ; and the two re- 
publics coming to blow'i, there was almoft continual 
\var for three centuries, before the fuperiority was 
alccrtaincd j when, towards the end of the 14th centurv, 
the battle of Chioza ended the ftrife : the Genoelc, 
who till then had ufually the advantage, having now 
loft all ; and the Venetians aTmoll become defperate, 

one happy blow, beyond all cxpeilation, fecured to 
themfelvcs the empire o£ the fea, and the fuperiority 
in commerce. 

About the fame time that Navigation was retrieved 
in the fouthem parts of Europe, a new fociety of mer- 
chants was formed in the north,^which not only car- 
lied commerce to the CTcatcft perfe£libn it was capa- 
ble of, till the difeovery of the taft and Weft Indies, 
but alfo formed a new feheme of laws for the regula- 
tion of it, which ftill obtain under the name .of, 
and Cujloms of tin Sea* This fociety is that ce- 


lebrated league of the Hanfe-towns, begun about th# 
year 1164. 

The art of Navig-atiou has been greatly improved 
in modern times, both in refpc6l of the form of the 
vcffels theinfelvcs, and the methods of working or con- 
dudllng them. 'Phe ufc of rowers ia now entirely 
fupcrccded by the impiDvements made in the fails, 
rigging, &c. It is alio very piubahlc, that the An- 
cients were neither fo wdi Ikilled ns the Moderns, in 
finding the latiLiides, nor in ftecring their velTeh in 
places of diflicult Navigation, as the Moderns. But 
the greatcll advantage which thefe have ^ over the 
Ancients, is from ' the mariner’s compafs, by which 
they are enabled to find their way with as much fa- 
cility in the midft of an immeafuiable ocean, as the 
Ancients could have done by creeping along the coaft, 
and never going out of fight of land. Some people 
indeed contend, that this is no nev; invention, but that 
the AHcients were acquainted with it. They fay,. it 
was impoftibie for Solomon’s fliips to go to Opbir, 
Tarlhilh, and Parvaim, which lall they will have to be 
Peru, without this ufeful Inftvument. They inlUl, that 
it was impoflible for the Ancients to be acquainted with 
the attradlive virtue of the magnet, without knowing 
its polarity. Tliey even alllrm, that this property of 
the magnet is plainly mentioned in the book of Job, 
where the loadllonc is called topaz, or the Hone that 
turns itfelf. But, not to menlion that Mr. Bruce has 
lately made it apjKfar highly probable that Solomon’s 
(hips made no more than coafting voyages, it is ccitain 
that the Romans, who conquered Judea, \vcre ignorant 
of this inftrument j and it is very probable, that lb ufeful 
an invention, if once it had been commonly known to a 
nation, would never have been forgotten, (t perfcdtly 
concealed from fo prudent a people as the Romans, who 
were fo much interelled in the difeovery of it. 

Among, thofe who do agree that the mariner’s com- 
pafs is a modern inventionj^ it has been much difputed 
who was the inventor. Some give the honour of it to', 
Flavio Gioia of Amalfi in Campania, about the begin- 
ning of the 1 4th century ; while others fay that it came 
from the eaft, and whs earlier known in Europe. 
But, at whatever time it was . invented, it is certain, 
that the mariner’s compafs was not commonly ufed in 
Navigation before the year In that year tlic 

fcicnce was confidcrably iinproved under the aufpiccs of 
Henry duke of Vifco, brother to the king of Portugal. 
In the year 1485, Ruderic iiid jofeph,. phyficians to 
king John the 2d of Portugal, together with one Mar- 
tin de Bohemia, a Portuguefe native of the ifiand of 
Fayal, and pupil to Regiomontanus, calculated tables 
of the full’d declination for the ufc of failors, and re- 
commended the aftrolabe for taking obfervations at fea, 

^ The celebrated Columbus, it is faid, availed himfclf of 
* Martin’s inftrudions, and improved the Spaniards in the 
knowledge of this art; for the farther progr€f8 of 
which, a icfturc was afterwards founded at Seville by the 
emperor Charles the 3 th. 

The difeovery of the variation of the compafs, is 
claimed by Columbus, and by Sebaftian Cabot, ^ The 
former certainly did obferve this I^ariation without 
havinghcard of it from any other perfem, on the 14th 
of September J492, and it is very probable that Cabot 
might do the fame. At that time k \vas found that 
thete was no variation at the Azores, for which rea- 

fon. 
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'fon fome made that the firft meridian, 

though it has lincc hecti difcmcred that the variation 
altni in time, I'hc ulc of the crofs-iUff now began 
to be introdneerl among faiinrs, I’his ancient iTilhu- 
ment is deluibed by John Werner of Nuremberg, in 
his anr.olatioris on the hid book ofPtolomy’s Geogia- 
pliy,piini.ed in 1514: he recoinniei.da it for obft! viiig 
the (fillancc bet^seen the r oon and fonkc dai, from 
which todeteirninc tlie longitude. 

At this time the art of Navigatunr was veiy im- 
perfe«^^, from the ufc of the jilanc chatt, which was 
the only one then known, and which, hy its grofs 
errors, mull have greatly mified the ir.aiiner, erpccially 
in places far dillant from the ec[ti:itorj and alio from 
the want of bo(jk^i of innnid'lion fur feame'n. 

At length two .Spanifli tieatifes came out, the one 
hy Pedro de in 1545; ard the other by Maitiii 

C'oites, or Ciiilis as it is piinted iiv EngliHi, in 
though the author fays he comjiofed it at Cadiz in 
1545, containing a complete fyfltm of the ait as far 
as it was then know n. Medina, in his dedication to 
J'hilip prince of 8pain, laments that 11 ultitudes of fliips 
daily pulfhed at /fia, bccaufe thcic were neither teachers 
of the ait, nor hooks by which it niight be learned; 
and Cortea, In his dedication, ^boaile to the emperor, 
that he was the full w'ho had reduced Navigation into 
a comptudium, valuing liiinfelf much on what he had 
performed. Medina defended the plane chait; but 
he was oppofed by Cortes, who fhewed its errors, and 
endeavoured to account for the variation of the compafs, 
by fuppofi ng the needle was influenced by a magnetic 
pole, different from that of the w-orld, and which 
lie called the point altratlive : which notion has been 
farther profeeuted by others. Medina's book was foon 
tranllated into Italian, French, and Flemilh, and ferved 
for a long time as a guide to foreign n«avigatoi8. How'- 
cver, Cortes was the favourite author of the Englifh 
nation, and was tranflated in 1561, by Richard Eden, 
while Medina's work was mimh neg!t< 5 led, though 
traullated alfo w'ilhin n fliort time of the other. At 
that time a f)ftem of Navigation confilU'd of materials 
fuch as the following : An account of the Ptolomaic 
liypothcfis, and the circles of the fjihere ; of the iouikE 
nets of the earth, the longitudes, latitudes, cllmules, 
&c, and ecHpfes of the luminaries ; a calendar ; the 
method of finding the prime, epad, moon's age, and 
tides ; a deferiptiun of the compafs, an account of its 
variation, for the difeoveriug of which Cortes faid an 
inftrumeut might tafily be contrived; tables of the 
fun's declination for 4 years, in order to find the lati- 
tude from his meridian altitude ; direifticjns to find the 
fame by certain ftars ; of the courfc of the fun and 
nioon ; the length of the days ; of lime and its divi- 
iioiiB ; the method of finding the hour of the day and 
night ; and lallly, a defeription of the fca-chart, on 
which to difeovtr where the fhip is ; they made ufc 
alfo of a fmall tabic, that fliewed, upon an alteration of 
one degree of the latitude, how many leagues were 
run oil each rhumb, together with the departure from 
the mendian ; which might be called a table of dif- 
tance and departuie, at we have now a tabic of differ- 
ence of latitude 5lnd departure. Ikfides, fome inflru- 
mtntt were defcribech efpecially by Cortes ; fuch 2S, one 
to find the place and dccliimtion of the fun, with the 
age and place of the moon ; certain dials, the nflrolube, 
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and croft-ftaff; with a complex machine to difcorcr 
the hour and latitude at once.* 

About the fame time propofals were made for find- 
ing the longitude by oblci-vations of the moon. In 
1530, Gemma Frifius a’dvifed the keeping of the time 
by m»an8 of fmall clocks or watches, ihon ncv\ly in- 
vented, as he fays. He alfo contnved a new fort of 
ciois-llaff, and an inftnnncnt called the Nautical Qua- 
diant ; which lall was much praifed hy William Cu- 
ningham, in his Cofmographical Glafs, pnntcd in the 
year 1551;. 

In the year 1537 Pedro Nunez, Cr Nonius, pubh’fiied 
a book in the Portugiicfe language, to explain a difii- 
culty in Navigation, propofed to hnn by the commander 
l)on Martin Alphonfo de Sufa. In this work he ex- 
pofes the errors of the plane ciiait, and gives the folu- 
ti<m of fevcral curious agronomical problems ; among 
which 18 that of determining the latitude from two ob- 
fervations of tlic fun's altitude and the intermediate 
azimuth being given. He obferved, that though the 
rhumbs arc fphal lines, yet the direct courfe of a (hip 
will always be in the arch of a great circle, by which 
the angle with the mciidians will continually change : 
all that the (lecrfman can here do for preierving the 
oiiginal rhumb, k to corred thtfc deviations as foon 
as they appear fenfiblc. But thus the fiiip wdll in 
reality deferibe a courfe without the rhumb-line in- 
tended ; and therefore hia calculations for affigning the 
latitude, where any rhumb-line croffes the fcveral me- 
ridians, will be in fome meafure erroneous. He in- 
vented a method of dividing a quadrant by means of 
concentric circles, wdiich, after being much improved 
by l)r. Hjillcy, if ufed at prcfciit, and is called a 
Nonius, 

In 1577, Mr William Bourne publilhcd a treatife, 
in w’hich, by confidoriug the irregularities in the moon’s 
motion, he fiiews the criors of the failors in finding her 
age by the epad, and alfo in determining ♦he hour 
from obfcrvitig on what point of tlie compafs the fun 
and moon appeared. In failing tov^-ards high latitudes^, 
he advifes to keep the reckoning by the globe, as the 
plane chart is moll erroneous in fuch lituations. He 
dcfpairs of our ever being able to find the longitude, 
xmlefs the vaxiationof the compafs (Imuld be occafioned 
by fome fuch attradive point as Cortes had imagined ; 
of which huv^ever he doubts : but as he had fhewn how 
to find the variation at all times, he advifes to keep an 
account of tlic obfervations, as iifeful for finding the 

f dacc of the fliip ; which advice was profeeuted at 
arge by Simon Stevin in a treatife publifiicd at Leyden 
in .1599; the fubftance of which was the fame year 
printed at London in Englilh by Mr. Edward Wright, 
intitlcd the havcnjimilag Art* In the fame old tni£t 
alfo is deferibed the w’ay by which our failors eftiinate 
the rate of a fhip in her courfe, by the inftrument 
called the I^og. The author of this contrivance is 
not known ; neither was it farther noticed till 1607, 
when it is mentioned in an Eaff-India voyage publifhed 
by Purchas ; but from this time it became common, 
and mentioned by all authors on Navigation ; ard it 
ftill continues to be ufed as at firff, though many attempts 
have been made to improve it, and contrivances propoied 
to fupply its place ; fome of which have fucceeded iii 
ftill water, but proved ufelcfs in a ftormy fca. 

In 
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In 1 5^1 Michael Coignet, a native of Antwerp, pub- , 
Kfhed a Treatifc, m which he animadverted on Medina. 
In this h(’ flicwed, that as the rhumbs are spirals, mak- 
ing cndlefs revolutions about the poles, numerous er- 
rors mud arife from their being reprefented by ftraight 
lines on the fca-charts ; but though he hoped to find 
a remedy for thefc errors, he was of opinion that the 
propofalj of Nonius were fcarcely practicable, and 
therefore in a great incafure ufelefs. In treating of the 
fun’s declination, he took notice of the gradual dc- 
Krtnfe in the obliquity of the ecliptic ; be allo de- 
feribeJ the Crofs-Staff with three traiifverfc pieces, as 
it was then in common ufe among the Tailors. He likc- 
wiie gave fome infiruments of his own invention ; but 
all of them are now laid afide, excepting perhaps his 
Nodunial. He conftruiSled a fea-tablc, to be ufed 
by fuch ay hiilcd beyond tha 6oth degree of latitude ; 
and at the end of the book- is delivered a Method of 
bailing on a Parallel of Latitude, by means of a ring 
dial and a 24 houi glafs. 

In tlie fame year Mr, Robert Norman puhliflicd his 
Dlfcovcryof the Dipping-needle, in a pamphlet called* 
the New Attrailfve ; to which is always fuhjoincd Mr. 
William Burroughs’s Dlfcourfe of the Vaiiation of the 
Compafs. — In 1594, Capt. John Davis publifiied a 
fmall treatile, entitled the Seaman’s Secrets, which 
was nnich elleemed in its time. 

The wi iters of this period complained much of the 
errors of the plane chart, which continued fUll in ufe, 
tfiough they were unable to difeover a proper lemedy : 
till Gerrard Mercator contrived his Uuiverfal Map, 
whicli he publifhed in 1569, without clearly under- 
fianding the principles of its conftrudlion : thefe were 
fiilt difeovered by Mr. Kdwnrd Wright, who fent an 
accoarit of the true method of dividing the meridian 
fiom Cambridge, wheie he was *a Fellow, to Mr. Bhin- 
deville, with a Ihort table for that purpofe, and afpe- 
< imen of a chart fo divided. Theic werepublilhed by 
Blundevllle in 1594, among his Exereifes ; to the later 
rditions 'of which was added his Difeourfe of Univer- 
L 1 Maps, firfl printed in 1589. However, in 1599 
Mr. Wright printed his Correction of certain Eriois 
j'l Navigation, In which work he Ihews the reafon of 
Pus divijion, the manner of conRru< 5 ting bistable, and 
its ufts in Navigation. A fecomi edition of this trea- 
ti.e, with fiirthtr improvements, was printed in 1610, 
^ihI a thinl edition by Mr. Moxon, in 1657, — 7 ^hc 
M(-' hi;d of Approximation, by what is called the middle 
latitude, now ufed by our failors, occurs in Gunter’s 
Works, firft printed in 1623. — About this time Loga- 
rithms began to hf introduced, which were applied to 
Navigation in a variety of ways by Mr. Edmund Gun- 
Jii ; though the firil application of the Logarithmic 
I ablcs to the Cafes oi Sailing, was by Mr. Thomas 
Addifon, in his Arithmetical Navigation, printed in 
162 ^ — 111 Mr. Henry Gellibrand printed a Dif- 

eourfe Mathematical on the Variation of the Magneti- 
<'a1 Needle, containing his difeovery of the changes 
to which the variation is fubjeft. — In 1631, Mr. Ri- 
chard Norwood publiihed an excellent Treatifc of Tri- 
Sjonometry, adapted to the invention of logarithms, 
pirtjcubrly in applying Napier’s general canons; and 
the farther improvement of Navigation, he under- 
took the laborious work of mcafuring a degree of the 


meridian, for examining the divifiotis of the log-Hnc. 
He has given a full and clear account of this opeiation 
in his Seaman’s Pra(Jficc, firft publifhediu 1637 ; where 
he alfo deferibes his own fxc<*lknt method of fctiing 
down and perfecting a fca-reckoning, &c. I'his irca- 
tife, and that of Trigonometry, were often reprinted, 
as the principal boi>ks for learning icicntifically the art 
of Navigation. \Vhat he had ddivered, cfpecially in 
the latter of them, conccjiiing this fubjc6t, was con- 
traded as a manual for Lilors in a vci7 fmall piece, 
^called his hpitome, which has gone through a great 
number of editions.' — About the year » 645, Mr. Bond 
publiihed, in Norvvood’s Epitome, a veiy great Im- 
provement in Wiight’s method, by a properly in hia 
meiidian line, by which ila diviiious arc more leicutid- 
cally alfigned than tlic author was able to cfTed ; whicli 
he deduced from tins theorem, that thefe divifioaa arc 
analogous to the exceilcs of the logarithmic tangents 
of half the lefpedivc lalituclLS incrcaled by 45 degrees, 
above the logarithm of the radius: this he attei wards 
explained more fully in the 3d edition of Gunter’s 
works, piinled in 1653 ; and the dcmoniliatlon of the 
general theorem was fupplied by Mr. J.v'nes Gregory of 
Abcidcen, in his Excicitationes Geomctricac, printed at 
London in i 663 , and afterwards by, Dr. Halley, in the 
Philof. Tianf. numb. 219,88 alfo by Mr. Coles, numb. 
388. — In 1700, Mr. Bond, who imagined that he had 
difeovered the longitude, by having difeovered the true 
theory of the magnetic variation, publiflied a general 
map, on whidi curve lines were drawn, exprefling the 
paths or places where the magnetic needle had the fame 
variation. The pofitions of thefe curves wall indeed 
continually fuffer alterations ; and therefore they Ihould 
be corrcdled from time to time, , as they have already- 
been for the years 1744, and 1756, by Mr. William 
Mountaine, and Mr. James Dodfon.— The allowances 
proper to made for lee-way, are very particularly 
fit down by Mr* John Buckler, .and publiHied in a 
fmall trai^t firft printed in 1702, intitled a New Com- 
pendium of the whole Art of Navigation, written by 
Mr. William Jones. 

As it is no w generally agreed that the earth is a fpheroid, 
wLofe axis or polar diameter is fhorter than the equa- 
torial diameter, Dr. Murdoch publiihed a trad in 1741, 
in which he adapted Wright’s, or Mercator’s failing to 
fuch a figure ; and in the fame year Mr. Maclaurin al- 
fo, in the Philof. Tranf. numb. 461, for determining 
the meridional parts of a fpheroid ; and he has fartiitr 
profecuted the fame fpeculatioii in his Fluxions, printed 
in 1742. 

The method of finding the longitude at fea, by the 
obferved dillanccs of the moon from the fun and liars, 
commonly called the Lunar method, was propofed at 
an early Itagc in the Art of Navigation, and has now 
been happily carried into cfFeftual execution by the en- 
couragement of the Board of Longitude, which was 
cftablilhcd in England in the year 1 7 u, for rewarding 
any fuccefsful endeavours to keep the longitude at fea. 
In the year 1767, this Board publiflied a Nautical Al- 
manac, which has been continued annually ever fince, 
by the advice, and under the dire£Iion of the allrono- 
mer royal at Greenwich : this work is purpofcly adapt- 
ed to tnc ufe of navigators in long voyages, and, ammig 
a great many uftful articles, contains tables of the 

lunar 
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lunar diftances accurately computed ft)r every 3 hours 
in tlvc year, fur the purpofe of comparing the dif- 
tance thus known for any time, with the diA-auceoh- 
ferved in an unknown ])!ace, from whence to compute 
the longitude of that place. Under the aulpices ot this 
Boar<l too, bclides giving encouragement to the au- 
thors of many ufeful tables a«id otner works, which 
would otherwifc have been loft, time-keepevd have been 
brought to a wonderful degree of perfection, by Mr. 
Hun)fon, Mr. Arnold, and many other perfons, which 
have proved highly advantageous in keeping the time 
during long voyages at fea, and thence gi'ing the lon- 
gitude. 

Some of the otlier principal writers on Navigation 
are Bartholomew Crelcenti, t)f Home, in 1607; Wil- 
lebrord SikII, at Leyden, in 161.], his "I'yphis Bata- 
▼us ; Geo. Fournier, at I'ariK, 1633; Baptill 

Riceiuli, at Bologna, iu 1661 ; Dcchales, ia 1674 and 
1677; the Sieur Bloudvl vSt. Aiibin, in i6ji and 
1673 ♦ ; M. Sauveiir, 1.1 1692 ; 

M. Jolui Bougiicr, lA 1698 j F. Pezenas, ia 1733 and 
1741 ; and M. Ft ter Buugncr, who, in 1753, pub- 
liflied a very elaborate treat ife on this fubjcc:!, mtitled, 
Nouveau IVtiitc dc Navigation ; in which he gives a va- 
riation compafs of his own invention, and attempts 
to refonn the 1 -og, asjic had before done in the Me- 
moirs of the Academy of iSciences for 1747. He is 
iilfo very particular in determining the lunations more 
accurately than by the common methods, and in dc- 
feribing the corredlions ,of the dead reckoning. This 
book was abridged and improved by M. dcTa Caillc, 
in 1760. To thefc maybe added the Navigation of 
Don Gcoige Juan of Spain, in 1757. And, in our 
own nation, the feveral treatifes of Meftieurs New- 
houfe, Seller, Hodgfon, Atkinfon, .Harris, Patoun, 
Hauxlcy, Wilfon, Moore, Nicholfon, ; but, over 
all, The Elements of Navigation, in 2 vols, by Mr. 
John Robertfon, lu ft printed about the year 1750, and 
liocc often re-priuted j which is the molt complete v^'ork 
of the kind extant ; and to which work is prefixed a 
DilTcrtalion on the Rife and Progrefs of the modern 
Art of Navigation, by Dr. James Wilfon, containing 
a very learned and elaborate hiftory of the writings 
and improvements in this art. 

For an account of the IVveral inftruments ufed in this 
art, with the methods for the longitude, and the va- 
rious kinds and nietl^ods of Navigation, &c, fee the 
jr*rpc£tlvc ai tides themfelvcs. 

Navigation is either Proper or Common. 

Navigation, Common^ ufually called Coafting, in 
which the places are at no great diftance from one ano- 
ther, and the ftiip fails ufually in fight of land, and 
moftly within foundings. In this, little elfe is required 
befides an acquaintance with the lands, the compafs, 
Riid founding-line ; each of wliich, fee in its place. 

Navigation, Propevy is wdierc the voyage is long, 
and purfued through the main ocean. And here, bc- 
fides the requilitcs in the former cafe, are ILkevvifc re- 
quired the life of MercatoPs Chart, the azimuth 
and amplitude compalTcs, the log-line, and other 
inftruments for edeftial obfervatiuns ; as foreflaft's, 
quadrants, and other fciSIors, 5 ic. 

KavigiUioH turns chiefly ujion four things ; two of 
jvhich being given or known, the reft are thence ealily 


found out. Thefc four things arc, the difference" of la- 
titude, difference of longitude, the reckoning or dif- 
tance run, and the courfe or rhumb failed on. The la- 
titudes are caiily found, and that with fufficient accu- 
racy : the courfc and diftance arc had by the log-llhc, 
or dead reckoning, togcthei- with the compafs. Nor 
is there any thing wanting to the peifedion of Naviga- 
tion, but to determine the longitude. The mathemati- 
cians and aftronomers of many ages have appb'ed them- 
fdves, with great aftidiiity, to fupply this grand delide- 
ratum, but not aliogcthcr with the fucctfa that was dc- 
fired, confidering the impoiTance of the object, and 
the magnificent rewards offered by feveral llatea to the 
difcovcrcr. Sec Longitudl. 

^ub^Marhie Navigation, or the art of failing iiii- 
dtr water, is mentioned by Mr. liovle, as the defidc- 
ralum of the art of Navigation. Tins, he fays, was 
fuccefslully attempted, by vJornrliir> Dit bbtl ; feveud 
pci foils who were in the boat bieatlnug frcil) all the 
time. Sec Diving klh 

Inland Navigation, is that performed by fntall 
craft, upon canals die, cat through a countiy. 

NAVIGATOR, aperfon capable of condutling a 
ftiip at fea to any place prupoled. 

NAU'PICAi. Cdnirty the fame as Sea-Chart. 

Nautical Cmpafst the fame as iSea-Compafs. 

Nautical PlanifphtrCf a projection or coiillrmflion 
of the terreilrial globe upon a plane, for the ufe of 
mariners ; fuch as the Plane Chait, and Mercator’s 
Chart. 

NEAP, or Nf.ep- 7 */V/^'/, are thofe that happen at 
equal ftillances between the fpriiig tides. The Neap 
tidj;s are the loweft, as the fpring tides arc the highell 
ones, being the oppofites to them. And as the liigheft 
of the fpring tides happens about three days after the 
full or change of the moon, fo the loweft of the Neap 
tides fall about three days aftei the quarters, 01 four 
days before the full and change ; when the fcamen fay 
it is Deep Neap. 

NEAPED. When a ftiip wants water, fo that flic 
cannot get out of the harbour, out of the dock, or oft 
the ground, the fcamen fay, ftie is Neaped, or Be- 
neaped. 

NEBULOUS, or Cloudy, a term applied to certain 
fixed ftars, which ftiew a dim, hazy light ; being lefs 
than thofe of the 6th magnitude, and therefore fcarcely 
vifible to the naked eye, to which at bell they only ap- 
pear like little dufley fpccks or clouds. 

Through a moderate telcfcopc, thefe Nebulous ftars 
plainly appear to be congeries or clufteis of feveral little 
ftars. In the Nebulous ftar called Prxfepc, in the 
breaft of Cancer, there arc reckoned 36 little ftars, 3 of 
which Mr. Flamftced fets down in his catalogue. In 
the Nebulous ftar of Onon, arc reckoned 21. F. Ic 
Compte adds, that there are 40 in the Pleiades ; 12 in 
theiUr in the middle of Onon^ fword; 500 in the ex- 
tent of two degrees of the fame conftcllation ; and 
2 500 in the whole conftcllation. It may farther be 
obferved, that the galaxy, or milky-way, is a conti- 
nued afiemblage of Nebulae, or vali clufters of fmail 
ftars. 

NEEDPIAM (John Tubervillk), ajcfpcdable 
philofopher and catliolic divine, was born at London 
Decetnber 10, 1713. Hi* father pofleffed a confider* 

akk 
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tihic patrimony at Hilfton, in the county of Mon- 
inoiith, being of the younger or catholic branch of the 
Needham family, ,and who died young, leaving but a 
finall fortune to his four cluldrcn. Our author, who 
was the eldcft fon, Itudicd in the Englifti college of 
Douai, where he took orders, taught rhetoric for fe- 
\cial years, and furpafied all the other profefTors of 
that feminary in the knowledge of experimental phi- 
lufophy. 

In 1740, he was engaged by bis fuperiors in the fer- 
rice of the EngliO\ mifiion, and w^as cntridled with the 
diiC(flion of the fchool erected at Twyford, ncarWin- 
eluller, for the education of the Roman Catholic youth. 
— Tn 1 744 he was appointed profefTor of philofophy iu 
the Kngldh college at Lifbon, where, on account of his 
ind health, lie remained only 15 months. After his 
i .tnjn, he pallid fcveral years at I.oiidon and Paris, 
weie cliidly employed in microfcopical obferva- 
tioiiS, and in oliu-r hi anches of experimental philofophy. 
'file lehilts of thefe ohfervatioiis and experiments were 
puhlilhed in the Phifofopliical Tranfadlions of the Royal 
Sjc'eiy of London in liie year 1749, and in a volume 
in I2m() at Paris in 175c ; and an account of them was 
alio given l»y M. Pidion, in the firll volumes of his 
natural hillory. d’liere was an intimate connexion 
fubfilled beu^cen Mr. Needham and this illidlrious 
I'Veiich natiualiil: they made their experiments and 
obfervations together ; though the refults and fyftems 
v\hich they deduced from i!ic fame objects and opera- 
tions were totally different. 

Mr. Needham was eleiJded a member of the Royal 
Society of London in the year 1747, and of the Anti- 
([iiarian Society fome time after. — From the year 1751 
to 1767 ho was chiefly employed in flniflting the educa- 
tion of fe'vcral Eiiglilh and Irifli noblemen, by attend- 
ing them as tutor in their travels tlirough France, Italy, 
and other countries. He then retired from this wan- 
dering life to the Englifh fnninary at Paris, and in 
1 768 was chofen by the Royal Academy of Sciences 
in tliat city a corrcljponding member. 

When the regency of the Auftrian Netherlands, for 
the revival of philofophy and literature in that country, 
formed the projed of an Imperial Academy, which 
was preceded by the credion of a fmall literary focicty 
to prepare the way for its execution, Mr. Necdnam was 
invited to BrufTels, and was appointed fucccflivcly chief 
director of both thefc foundations ; an appointment 
which he held, together with fome ccclcfiarfical prefer- 
ments in the Low Countries, tiU his death, which hap- 
pened December the 30th 1781, 

Mr. Needham^s papers inferted m the Philofophical 
I mnfaftions, were the foDowing, viz : 

1 . Account of Chalky Tubulous Concretions, called 
Malm: vol, 42. 

2. Microfcopical Obfervationa on Worms in Smutty 
Corn : vol. 42., 

3- Ele6trical Experiments lately made at Paris : 

'o!. 44. 

4 * Account of M# Buffon’s Mirror, which burns at 

feet : ib. 

5 * Obfervations upon the Generation, Compofition, 
mid Decompofition of Animal and Vegetable Sub- 
llances : voL 4c. 

Vol. II. 


6. On the DIfeovery of A^bellol in France : 
vol. 51. 

Other works printed at Paris, in French, are, 

1. New Microfcopical Difcoveiies : 1745. 

2. The fame enlarged : 1 750 . 

3. On Microfcopical, and tlie Generation of Orga- 
nized Bodies: 2 \o]s, 1769. 

NEEDI-E, Ma»miua}y denotes a Needle, or a flen- 
dtr piece of iron or ftecl, touched with a loadllonc j 
which, when fuflained on a pivot or centre, upon 
which it plays round at liberty, it fettles at length in a 
ccrlain dire^lion, either duly, or nearly north-and- 
foulh, and called the magnetic meridian. 

Magnctical Needles are of two kinds; Horizontal 
and Iiiclinatoiy. 

Nekdles, arc thofe ec|ually balanced on 
each fide of the pivot which fuflaijis them ; and wliich, 
playing horizontally, with their two extremes point 
out the north and fouth paits of the horizon. 

ConjlrutVion of « //cr/so;/W Ne 1 dll. Having pro- 
em cd a thin light piece of pure {led, about 6 iiiches 
long, a perforation is made in the middle, over which a 
brafs cap is foldercd on, having its inner cavity conical, 
fo as to play freely on the flylc or pivot, which has a 
fine fteel point. To give the Needle its vcrticity, or 
dirc^live faculty, it is rubbed or (lioked Icifurdy on 
each pole of a magnet, fiom the fouth pole towards 
the north ; firft beginning with the northern end, and 
going* back at each repeated flrokc towards tlic fouth; 
being careful not to give a llrokc in a contiary direc- 
tion, which would take away the power again. Alfo 
tlic hand ihould not return diredlly back again the 
fame way it came, but fliould return in a kind of ovn! 
figure, carrying the hand about 6 or 8 inches beyond 
the point where the touch ended, but not beyond on 
the fide wlmre the touch begins. 

Before tovtcliiug, the north end of the Needle, in 
our hcmifpherc, is made a littl^ lighter than the other 
end ; becaufc the touch always deftroys an cxa£l ba- 
lance, rendering the north end heavier than the fouth, 
and thus caufing the Needle to dip And if, after 
touching, the Needle be out of 'its equilibiium, fomc- 
thing mufl; be filed off from the heavier fide, till it be 
found to balance evenly. 

Needles may alfo acquire the magnetic virtue by 
means of artificial magnetic bars in the following man- 
ner ; Lay two equal Needles jiarallel and about an inch 
afundcr, with the north end of one and the fonlh end 
of the other pointing the fame way, and apply two con- 
dudlors in contadb with their ends ; then, with t\yo 
magnetic hard bars, one in each hand, and held as’ 
nearly horizontal as can be, w ith the upper ends, of 
contrary names, turned outwards to the right and left, 
let a Needle be ftroked or rubbed from the middle to 
both ends at the fame time, for ten or twelve times, 
the north end of a bar going over the fouth end of a 
Needle, and the fouth end of a bar going over the north 
end of a Needle : then, without moving from the 
place, change hands with the bars, or in the fame hands 
^urn the other ends downwards, and ftroke the other 
Needle in like manner ; fo will they both be magneti- 
Cal. But to make them ftill ffronger, repeat the opera- 
tion three or four times from Needle to Needle, and 
U at 



NEE 


[ t^6 ] NEE 


Jkt lafl turn the lower fide of cacli Needle upwards, and 
repeat the operations of broking them, as on the for- 
mer fidei. 

The Needles that were formerly applied to the com- 
pafc, on board merchant flu'ps, were formal of two 
pieces of ftecl wire, each being bent ia the middle, fo 
as to form an obtufc angle, while their ends, being 
applied together, made an acute one, fu that the whole 
reprtfenied the form of a lozenge. Dr. Knight, who 
has fo much improvtd thccompafs, found, by repeated 
experiments, that partly from the foregoing Ibud'turc, 
and partly fiom the unequal haideuing or the ends, 
tlicfe Needles not only varied from the true dircillun, 
but from one another, and fnjm themfelvca. 

Alfo the Needles formerly uled on board the men of 
wai> and fomc of the larger trading fliips, w'crc made 
of one piece of lleol, of a fpring temper, and broad 
tow aids the ends, but tapering towards the middle. 
Kvery Needle of tliis form is found to have fix poles in- 
Ucad of two, one at each end, two wliere it becomes ta?- 
ptring, and two at the hole in the middle. 

To remedy thefe errors and inconveniences, the 
Needle which Dr. Knight contrived for his compafs, is 
a fiender parallelopipedon, being quite ftraiglit and 
fquarc at the ends, and fo has only two poles, tuthough 
the curves are a little confufed about the hole in the 
middle ; though it is, upon the whole, the fimplelV 
and bell. 

Mr. Michell fuggclls, that it would be ufeful to .in- 
creafe the weiglit and length of magnetic Needles, 
which would render them both more accurate and per- 
manent ; alfo to cov^r them with a coat of linfeed oil, or 
varnilb, to preferve them from any ruft. 

A Needle on occafion may be prepared without 
touching it on aloadllonc i for a fine ftccl fewmg Nee- 
dle, gently laid on the water, or delicately fufpended' 
ill the air, will take the north-and-fouth dirc£lion. — 
Thus alfo a Needle heated ia the fire, and cooled again 
in the dii‘c£lion of the meridian, or only in an ereft po- 
lition, acquires tlie fame faculty. 

Declination or Fariaiion of the Needle, fs the devia- 
tion of the honzontal Needle from the meridian j or 
the angle il makes with the meridian, when freely fu€> 
pended in an horizontal plane. 

A Needle ia always changing the line of its dfroSlion, 
traverfing flowly to certain limits towards the call and 
weft fides of the meridian. It was ac firft thought that 
ihc magnetic Needle pointed due north ; but it was 
obferved by Cabot and Coliunbus that ft had a devia- 
tion from the north, though they did not fufpc£l that 
this deviation had itfclf a vnriation, and was continually 
changing. This change in the Variation was ITrll found 
out, according to Bond, by Mr. John Mair, fecondly 
by Mr. Gunter, and thirdly by Mr. Gellibrand, by com- 
paring together the obfervations made at different times 
near the fime place by Mr. Burrowes, Mr. Gunter, and 
himfelf, and he publilked a Difcourle upon it in 1635. 
Sopn after this, Mr. Bond vditured to deliver the rate 
at which the Variation changes for fcvcral years ; by 
wluch he foretold thaE at London in 1657 there would 
be no Variation of the compafs, and from that time it 
would gradually increafe the other way, or towards the 
weft, making certain revolutions ; which happened ac^ 


cordin^ly ; and upon this Variation he propofed* 
thod of finding the longitude, which has been farther 
improved by many others fince his time, though witb 
very little fuccefs. See Variation.- 
I’he period or revolution of the Variation, Henry* 
Philips made only 370 years,- but according to Henry 
Bond it is 600 years, and their yearly motion 36 mi- 
nutes. The firft good obfervations of the Vaiiationi 
were by Burrowes, about tlie year lyjBo, when the Va- 
riation at London was i 15^ call ; and iince that time, 
the Needle has been moving to the weftward at that 
place ; alfo by the obfervations of different perfons, it 
has beem found to point, at different times, as below ; 


Tearr* 

Ohferven^ 

Variat. E. 


1580 

Burrowes 

II® 

*5' 

Eaft. 

1622 

Gunter 

5 

5^ 



Gellibrand 

4 

3 


1640 

Bond. 

3 

7 


1657 

Bond 

p 

0 


1665 

Bond - 

1 

23 

Weft. 

1666 

Bond 

I 

3^ 


167a 

- 

2 

30 


1683 


4 

30 


1692 


6 

oa 


1723 

Graham 

*4 

*7 


*747 

- • . 

*7 

40 


*774 

Royal Society 

21 

16' 


*775 

Royal Society 

Zl 

43 


1776 

Royal Society 

21 

47 


»777 

Royal Society 

22 

12. 


1778 

Royal Society 

22 

20 


>779 

Royal Society 

22 

28 


I78O' 

Royal Society 

- Z 2 

4* 



Py this Table it appejurs that, from the firft obfer- 
vations in 1380 till 1657, the change in the Variation' 
was 11° 15^ in 77 years, which is at the rate nearly of 
9' a year and. from 1657 till 1780, or the fpace of 
123 years, it changed 2 a®' 41', which is at the rate of 
1 a year nearly ; which it may be prefumed is very 
near the tnitlu 

The Variation and Dip of the Needle was for many 
years carefully obfervtd by the Royal Society whil<r 
they met at Crane Court j and it it a pity that fuclr 
obfervations have not been continued fince that time. 

Dipping^ or Jnclir^or^ Needle, is a Needle to (hew 
the Dip of the Mfignctic Needle, or how far it points 
below the horizon- , 

The Inclination or Dip* of the Needle was firft ob» 
fcrvcd by Robert Noman,, a compafi^piakcr at Rat*- 
cliffe; and according to Kim, the dip at that place, in 
the year 1376, was 71^50'} and. at the Royal Society 
it was obferved for fomc years htcly as follows ; 

tiz ia 1776 • 7a® 30' 

1778 nz 2$ 

1780- - . 71 17. 

Mr. Henry Bond makes the Variation and Dip 
of the Needle depend on the fame motion of the mag- 
netic poles in their revolution, and upon it he found^ 
a method of difeovering the longitude at fern 

K££l? 
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’KEEP Ttdis, See Neap Tides. 

NEGATIVE, in Algebra, fomcthing marked wltli 
the Tign — , or minus, as bemg contrary to fuch as arc 
,pofitivc, or marked with plus As Negative 

jjowers and roots, Negative quantities, &c. Sec 
Power, Root, <J^antity> &c. 

Negative thcfignof fnbtraAion — , or that 
i^’hich denotes fomcthing in dcfc(il, Stifel is the firft 
author I find who ufed this mark — for fubtrad^ion, or 
negation > before his time, the word minus itlelf was 
^fSl, or elfe its initial m. 

The tife of the Negative fign in algebra, is attended 
Avlth feveral confequences that at lirft light are admitted 
with fome difficulty, and has fometimes given occalion 
to notions that feem to have no real foundation. This 
iign implies, that the real value of the quantity repfe- 
fented by the letter to which it is prefixed, is to be fub- 
traced ; and it ferves, with the politive fign, to keep 
i.i view what elements or parts enter into the compofi- 
tion of quantities, and in what manner, whether as in- 
cuments or decrements, that is \vhcther hy addition or 
Inbtradlion, which is of the greateft ufe in this art. 

Hence it ferves to exprefs a quantity of an oppofite 
quality to a pofitive } fuch as a line in a contrary pofi- 
tion, a motion with oppofite direction, or a ceutnfugal 
foice in oppofition to gravity; and thus it often laves the 
tioiiblc of diftinguifliing, and demonftrating feparately, 
the various cafes of proportions, and preferves tneir ana- 
logy in view. But as the projK)rtion3 of lines depend on 
their magnitude only, without regard to their pofition ; 
and motions and forces are faid to be equal or unequal, 
in any given ratio, without regard to their directions ; 
and in general the proportion of quantities relates to 
^heir magnitude only, without determining whether 
they are to bcconfidered as increments or decrements ; 
fo there is no ground to imagine any other proportion 
lif + a and — h, than that of the real magnitudes of 
tiie quantities reprefented by a and whether t|jefe 
quantities are, in any particular cafe, to be added or 
fubtraided. 

As to the ufual arithmetical operations of addition, 
fubiraClion, &c, the cafe is different, as the effcCl of 
the Negative fign is here to .be carefully attended to, 
and is to be confidered always as producing, in thofe 
operations, an effeCl juft oppofite to the pofitive fign. 
I'hus, it is the fame thing to fubtrad a decrement as to 
add an equal increment, or to fubtraCl b from <1 — 
is to add + i to it : and bccaufe multiplying a quan- 
tity by a Negative number, implies only a repeated 
fubtraClion of It, the multiplying — ^ by — is fub- 
trading — ^ as often as there are units in n, and Is 
therefore equivalent to adding + ^ fo many times, or 
the fame as adding + nb. But if we infer from this, 
that I Is to — n as — ^ to nbp according to the rule, that 
unit is to one of the factors as the other fador is to the 
produd, there is not ground to imagine that there is 
.'iny mylleiy in this, or any other meaning than tliat 
the real quantities reprefented by J, b, and tib are 
proportional. For that rule relai|pl'ORly to the nwgnitude 
<^f the fadors and produd, vmhout determining whe- 
ther any fador, or the pr^uft, is additive or fubtrac- 
t he. But this hkewife rouft be determined in algebraic 
computations ; and this li the proper ufe concerning 
the figns, without which the operation could not pro- 
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cced. Bccaufe a quantity to be fubti*adcd is never 
produced, in com pofition, by any repeated addition of 
a pofitive, or repealed fubtra^lion of a Negative, a Ne- 
gative fquare number is never produced by coinpofi- 
tionfroma foot. Hence the i, or the fquare root 
of a Negative, implies an imsginar)*^ quantiw, and in 
refolution is a mark or charaftcrof the impoflibic cafes 
of a problem, unltfs it is compeftfated by another ima- 
ginary fymbol or fuppofition, for then the whole ex- 
preffion may have a reju fignification. Thus i -f — f, 
and 1 — y'— I, taken feparately, are both imaginar^’, 
but yet their fum is the number 2 : as the conditions 
that feparately would render the folution of a problem 
impofUhle, in fome cafes deftroy each others effeft when 
conjoined. In the purfuit of general conclufions, and 
of limple forms for reprefenting them, expreffions of 
this kind muft fometimes arife, whore the imaginary 
fymbol 18 compenfated in a manner that is not always 
fo obvious. 

By proper fuhftitutions, however, the cxprcffioiw 
may be transformed into another, w'herein each parti- 
cular term may have a real fignification, as well as the 
whole expreffion. 

The theorems that are fometimes briefly difeovered 
by the ufe of this fymbol, may be demonftrated with- 
out it by the inverfe operation, or fome other way ; and 
though ftich fymbols arc of fome ufe in the computa. 
tions in the method of fluxions, &c, its evidence can- 
not be faid to depend upon any arts of this kind. Sec 
Macliurin’s Fluxions, bosk 2, chap, i. 

Mr. Baron Maferes publifhed a pretty large hook in 
quarto, on the ufe of the Negative Sign in algebra. 

For the rules or w ays of ufing the Negative fign in 
the fcvei'al rules of Algebra, fee thofe rules fevcrally, 
viz, Addition, Subtraction, Multiplication, 
dec. And for the method of managing the roots of 
Negative quantities, fee Impossibles. 

NEPER. Sec Napier. 

NEWEL, the upright poft that ftaira turn about; 
being that part of the Itaircafe which fuftains the Heps, 

NEWTON (Dr. John), an eminent Engliffi ma- 
thematician and divine, was the grandfon of John 
Newton of Axmouth in Dcvonfhire, and fon of Hum 
phrey Newton of Oundle in Northamptonfhlrc, wher<* 
fte was born in 1622. After receiving tbc proper foun 
dationof a grammar education, he was fent to Oxford, 
where he was entered a commoner of St. Edmund’s 
HaU in 1637. He took the degree of bachelol- of 
arts in 1641 ; and the year following he w'as created 
mailer, in precedence to manv ftudents of quality, 
on account of his diftiiiguiflicd talcrrtfi in tlie great 
branches of literature. His gcinus leading him firong- 
ly to aftronoiny and mathematics, he applied himfdf 
dfliffcntly to thofe fcieiices, as well as to divinity, and 
made a great proficiency in them, whicli he found of 
fome fervicc to him during Cromwell's government. 

After the refloration of Charles the id, he reaped 
the fruits 'of his loyalty : being created doftor of divi- 
nity at Oxford, Sept. i66i, he was made one of tlic 
king’s cbaplaiiis, and reflor of Rofs in Hercfordlhire, 
iiiftcad of Mr. John Toombes, cje^lcd for noncon- 
formity. He held this living till his death, whijrh 
happened at Rofs on Chriftmaiday I$7$| efi yeap 
of age. 

Ui 


Mr. 
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Mr, Wood g^ve him the cbara^lcr of a capricious 
and humourfume pcrfon. However that be, his writ- 
inti are a proof of hi® great application to lludy, and 
« lufijcient monument of his genius and fl<ill in the 
mathematical fciences. Theft- arc, 

I. Aftronomia llritatinica, &c: in ato, 1656. 

J. Help to Calculation ; with Tabu 3 of Declina- 
tion, dec: 4to, 1657. 

3. Trigoiioinetiid Britnnnlca, in two book*; the 
one compofed by our author, and the other tranflatcd 
from the I.atin of Henry (Jellibrand : folio, 1658. 

4. Chiliades Centuin f^ogarithmorurn, printed with, 

5. Geometrical Trigonometry : 1659. 

6. Mathematical Elements, three parts: 410, 1660. 

7. A Perpetual D I try, or Almanac ; 1662. 

8. Defcriptlon pf the life of the Carpenter’s Rule: 
1667. 

9. Ephemendes, (hewing the iuterell and rate of 
money at 6 per cent. Sic : 1667. 

10. Chiliades Centum Logarithmorum et Tabula 
Partium Proportional ium : 1667. 

11. The Rule of lnteix‘(l, or the Cafe of Decimal 
Fiartlons, &c, part 2 ; 8vo, 1668. 

12. SchoohpailimcB for young children, dec: 8vo, 
1C69. 

13. Art of Pra< 5 \ical Gauging, dec: 1669, 

14. Introdndion to the aft of Rhetoric; 1671. 

15. The Art of Natural Arithmetic in Whole 
Numbers, and Fradf ions Vulgar and Decimal: 8vo, 1671. 

16. The Englifh Academy : 8vo, 1677. 

17. Cofmogra^)hy. 

28. Introduffion to Aftronomy. 

,19, Tntrodufliou to Geography ; 8vo, 1678. 
NEWTON (Sir Isaac), one of the greateft phi- 
lofoplicrs and mathematicians the world has produced, 
was born at WouHlrop in Eiiicolnfhire on Chrillmas 
day 1642. He was defeeuded from the eldeil branch 
of the family of Sir Julin Newton, bart. who were 
lords of the manor of Woolllrop, and had been pof- 
feifed of the eftate for about two centuries before , to 
which they had removed from Wellley in the fame 
county, but originally tliey came from the town of 
Newton in Lancafliirc. Other accounts fay, I think 
more truly, that he was the only child of Mr, John 
Newton of Colefworlh, near Grantham in Lincolnihire, 
who had there nn eltate of about 120I, a year, 
which he kept in his own hands. His mother was of 
the ancient and opulent family of the Ayfeoughs, or 
Alkcws, of the fame county. Our author lofing his 
father while he was very young, the care of his educa- 
tion devolved on his mother, who, though (he married 
again after his father’s death, did not neglcd to im- 
prove by a liberal education the promiling genius that 
wa* obferved in her fon. At 12 years of age, by the 
advice of his maternal uncle, he was fent to the gram - 
mar fchool at Grantham, where lie made a good profi- 
ciency in the languages, and laid the foundation of his 
future fiudles. Even here was obferved in him a ftrong 
inclination to ^iguies and philofophtcal fubjc6fs. One 
trait of this early dlfpofition is told of him : he had 
then a rude method of meafuring the force of the wind 
blowing againil him, by obfcrving hdvv much farther 
he could leap in the diredtion of the wind, or blowing 


on his back, than he could leap the Contrary or 
oppofed to the wind ; an early mark of hM on^inal 
infantine genius. 

After a few years fpcnt here, his mother took him 
home ; intending, as (he had no other child, to have 
the plcafiire of his company ; and that, after the man- 
ner of Ills father before him, he fiiould occupy his own 
cflatc. 

But inftead of mindiug the markets, or .the bufinefs 
of the farm, he was always ftudying and poring over 
his books, even by lU-alth, from his mother's know- 
ledge. On one of thefe occaiionshia uncle difeovered 
him one day in a hay-loft at Gi*anthHm, whithei* he 
had been fent to the market, working a mathematical 
piohlem ; and having otherwife obferved the boy’s 
mind to be uncommonly bent upon learning, he pre- 
vailed upon his filler to pait with him ; and he was 
accordingly fent, in 1660, to Trinity College in Cam- 
bridge, where his uncle, having himfclf been a mem- 
ber of it, had Itill many friends. Ifaac was foon taken 
notice of by Dr. Barrow, who was foon after appoint- 
ed the firil Lucafian profeffor of mathematics ; and 
obfcrving his bright genius, contracled a great friend- 
fhipforhim. At his outfetting here, Euclid was firll 
put iitfo his hands, as ufiial, but that author was foon 
difmifled ; feeming to him too plain and cafy, and 
unworthy of taking up his time. He underftood him 
almofl before he read him ; and a call of his eye upon 
the contents of his theorems, was fiiflicient to make 
him mailer of them : and as the analytical method of 
Des Cartes was then much in vogue, he particularly ap- 
plied to it, and Kepler’s Optics, See, making feveral 
improvements on them, which he entered upon the 
margins of the books as he went on, as his cuttom was 
in ftudying any author. 

Thus he was employed till the year 1 664, when lie 
opened a wT.y into his new method of Fluxions and In- 
finite Series; and the fame year took the degree of ba- 
chelor of arts. In the mean time, obferving that the 
mathematicians were much eng:iged in the bufinefs of 
improving . telefcopes, by grinding glalfcs into one of 
the figures made by the three ft<5lions of a cone, 
upon the principle then generally entertained, thdt 
light was homogeneous, he fet himfclf to grindjpg of 
optic glalTes, of other figures than fpherical, having as 
yet no diftruft of the homogeneous nature of light : but 
not hitting prcfently upon any thing in this attempt to 
fatisfy his mind, he procured a glafs pnfm, that he might 
try the celebrated phenomena of colours, difeovered by 
Grimaldi not long before. He was much pleafed at firll 
with the vivid bnghtnefs of the colours produced by 
this experiment ; but after a while, confidering them 
in a philofophical wav, with that circumfpeftion wdiich 
was natural to him, lie was fiupnTed to fee them in an 
oblong form, which/ according to the received rufe of 
refraftionb, ought to be circuhu:. At firll he thought 
the irregularity might poffibly be no more than acci- 
dental; but this was mat he could not leave without 
further enquiry : accdNUnglv, he foon invented an in- 
fallible method of deciding the quelUon, and the refult 
was, his New Theory of Light and Colours, 

However, the theory ^lone, uncxpc6lcd and furprif- 
ing as it was, did oot fatisfy him ^ he rather confidered 
4 the 
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tlic proJ)Cir ufe that might be made of it for improving 
telefcopes, which Was his fifft dcflgn. To this chd, 
having now difeoveted that L’ght Was not homdgene- 
ous, but an heterogeneous mixture of differently rc- 
fiangible rtys, he Computed the errors arifiifg from this 
different refrangibility ; and, finding them to exceed 
fome hundreds of times thofe occafioncd by the circu- 
lar figure of the glafles, he threw afide his glafs works, 
and took rcfledlions into confidtrstion. He was now 
fcnfil)Ie that optical inftnimcnts irright be brought to 
any degree of perfedion defifed, in cafe there could be 
found a rcfltding fubftance which woyld polifh as finely 
as glnfs,, and reflcA as much light as glafs tranfmits, 
and t!ic ail of giving it a parabolical figure he alfo at- 
tained : but thefe feemed to him very great difficulties ; 
nay, he almoll thought them infuperable, when he fur- 
iIki confidered, that every iiTcgularity in a retle<Sting 
fiipeifities makes the rays ftray five or fix times more 
from their due courfe, than the like irrcgulaniies in a 
refraifing one. 

Amidll thefe fpecnlations, he was forced from 
Cambridge, in i6f^5, by the plague; and it was more 
than two )tars before he made any further progrefu 
in the fiibjedt. How’ever, he was far from pnlfing his 
time idly in the country; on the contrary, ifliwas here, 
at this lime, that he firil; flarted tlie hint that gave life 
to the fylfcm of the world, which is the main fubjed of 
tlie Prinrij'ia, In his ictiremcnt, he was fitting alone 
Li a garden, when feme apples falling from a tiee, led 
his thoughts upon the fubjert of gravity ; and, refle£Iing 
on the power of that principle, he began to confider, 
that, as this power is not found to be fenfibly dimi- 
milicd at the remoteft diftjtnce from the centre of the 
earth to ubich w'c can rife, neither at the tops of the 
luftitfl buildings, nor on the furnmits'of the higheft 
mount lias, it appeared to him reafonable to conclude, 
that this power mull- extend much farther than i.s 
ufnulJy thought, ** Why not as high as the moon ? 
laid he to liimfelf ; and if fo, her motion mud be 
infiiic'U cd by it ; perhaps file is retained in her or- 
bit by it ; however, though the power of gravity is 
not fenfibly weakened iu the little change of diflance 
at wliich we can place ourfelvcs from the centre of the 
earth, yet it is very poflible that, at the height of the 
moon, this power may differ in ftrength much from 
vihat it is here.” To make an ellimale \vhat might be 
the degree of this diminution, he confidered with him- 
ftlf, that if the moon be retained in her orbit by the 
force of gravity, no doubt the primary planets are car- 
ried about the fun by the like power ; and, by com- 
paring the periods of the feveral planets with their 
diflanccs from the fun, he found, that if any power 
like gravity held them in their courfes, its ftrength 
mull decrcafe in the duplicate proportion of the iu- 
creafe of diflance. This he concluded, by fuppofing 
them to move in perfect circles, concentnc to the fun, 
from which the orbits of the greateft part of them do 
not much differ. .Suppofing therefore the force of gra- 
^fty, when extended to the ifioon, to decrcafe in the 
fame manner, he computed whether that force would 
1^ fufficient to keep the moon in her orbit.’ 

In this computation, being abfent from books, he 
took the common effimat'e in ufe among the gepgra- 
pfierg and our ftamen, before Norwood nad ihcafured 


the earth, nahiely that ^ ihfles make bne degree 
latitude ; but as that is a Vety erWnifWus fuppofition, 
each degree comaining about (^9} of olir Englifh miles* 
his computation upon it did not make the po'wer of 

f ravity, decrcafing in a duplicate pVdportTOn to the 
iftance, anfwerabie to the power which retafnfed the 
moon in her orbit : whence he colicludcd, that Tome 
other cailfe muft at leaft join with the adUoii of the* 
power of gravity on the moon. For this rcalbn he laid 
afide, for that time, any fiwther thoughts upon the 
matter. Mr. Whifton (in his Memoirs, pa. 33) fayS, 
he told him that he thought Des Cartes^s vortices might 
concur with the action of gravity. 

Nor did he refume this enquiry on his return to Cam- 
bridge, which was fiiortly after. The truth is, hiA 
tlioughts were now engaged upon 'his newly projefted 
n fieding tclefcope, of which he made a fmall fpcci- 
mcn, with a metallic refledor fphcrically concave. It 
but a rude cflay, chiefly defedive by the want of 
a good polilh for the mctaL This inilrument is now 
in the pofleffion of tfie Royal Society. In 1667 he 
was chofen Fellow of his college, and took the degree 
of maftcr of aits. And in i66y Dr. Barrow refigned 
to him the mathematical chair at Cambtldge, the 
bulinefs of which appointment interrupted for a while 
his attention to the telefcope : however, as his thouglits 
had been for fome time chiefly employed upon optics, 
he made his difcoveiies in that fclencc the fubjed ofhh 
ledures, for the firft three years after he was appointed 
Mathematical Profefibr : and having now brought his 
T henry of I A^hi and Colours to a confiderable dtgrec of 
perfediou, and hating been elcded a Fellow of the 
Royal Society in Jan, 1672, he cotnmanicated it to 
tliat body, to have theij judgment upon it ; and it 
was afterwards publifiicd in their Traufadioils, viz, of 
Feb. 19, 1672. l^his publication occafioncd a difpnte 
upon the truth of it, which gave him fo much nneali- 
ntfs, that he icfolvcd not to publifli any thing fmlher 
for a w'hile upon the fiibjcd ; and in that lefolution he 
laid up his Optical LePurcs^ although he had prepared 
them tor the prefs. And the ylnafyfis by Inf mi c Series^ 
which he had intended to fubjoin to them, unhappily 
for the world, underwent tlic fame fate, and for the 
fame reafon. 

In this temper he refumed his tdcfcope ; and ob- 
ferving that there was no abfolute neccflity for the pa- 
rabolic figure of the glaflVs, lince, if metals could be 
ground truly rphcrical, they would be able to bear as 
great apertures as men could give a polifh to, he 
completed another inftrument of the fame kind. This 
anfwering the purpofc fo well, as, though only half a 
foot in length, tb fiicw the planet Jupiter dirtinftly 
round, with bis four fatellites, and alfo Venus horned, 
he fent it to the Rojal Society, at tlieir reqiicft, to- 
gether with a defcription of it, with further particulars; 
which w^e publifiied in the Philofophical 1 ranfaftions 
for March 1672. Several attempts were alfo made by 
that focicty to bring it to perfeftion ; but, for want 
of a proper compofition of metal, atfd a good polifh, 
nothing fuccccded, and the invention lay £>rmant, till 
Hadley made his Newtonian tclefcope in 1725. At the 
rcquelt of Leibnitz, in 1676, he explained his invention 
of Infinite Scries, and took notice how fiir he had im- 
proved It by his Method of Fluxions, which however 

he 
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he ftil! concealed, and particularly on this occaiion, by 
a tranfpofiiion of the letters that make up the two fun- 
damental propofitions of it, into an alphabetical order; 
the letters concerning which are iuferted in Collins s 
Commercjum EpfdoJicum, printed 1712. In the win- 
ter between the years i 6 y 6 and i 6 yy, he found out 
the grand proportion, that, by a centripetal foice 
recjprocaiJj^s thefquarc o/the diilance, a planet 
mull revolve in an ellipfis, about the centre of force 
placed in its lower focus, and, by a radius diawn to 
that centre, deferibe areas proportional to the times. 
In j 6 Sohe made feveraj agronomical obfervations upon 
the comet that then appeared ; which, for fome con/i- 
dcrahle time, he took not to be one and the fame, but 
two different comets; and upon this occalton fevcral 
letters paffed between him and Mr. Flamfleed. 

He was flill under this miflake, when he received a 
letter from Dr. Hook, explaining the nature of the Hue 
dcfcrlbcd by a falling body, fuppofed to be moved cir- 
cularly by the diurnal motion ot the earth, and perperf. 
dicularly by the power of Viav^ity, This letter put 
him upon enquiring anew what was the real tigiiie in 
which fiu:h a body moved ; and that enquiiy, convincing 
him of another miftake which he had before fallen into 
concerning that figure, put him upon refuming his 
former thoughts with regard to the moon ; and ricait 
having not long before, vit:, in 1679, meafured a de- 
gree of the earth with fufHcicnt accuracy, by ufing his 
meafurea, that planet appeared to be retained in her 
orbit by the folc power of gravity ; and confequently 
that this power dccrcafes in the duplicate ratio of the 
diftance j as he had formerly conjcAured. Upon this 
principle, he found the line deferibed by a falling body 
to be an ellipfis, having one focus in the centre of 
the earth. And finding bjr this means, that the pri- 
mary planets really moved in fuch orbits as Kepler had 
fuppofed, he had the (atisfadion to fee that this en- 
quiry, which he had undertaken at firll out of mere 
curiofuy, could be applied to the greateft purpofes. 
Hereupon he drew up about a dozen propofitions, re- 
lating to the motion of the primary planets round the 
fun, which were communicated to the Royal Society 
in the latter end of 1683. This coming to be known to 
Dr. Halley, that gentleman, who had attempted the de- 
monft ration in vain, applied, in Auguft 1684, to New- 
ton, who aflured him that he had abfolutcly completed 
the proof. This was alfo regiftcred in the books of 
the Royal Society ; at whofe earned folicitation New- 
ton finiihcd tlvc work, which was printed under the 
care of Dr. HaUc^, and came out about midfummer 
1^)87, under the title of, Pbilofophie naturalia Prittcipia 
mathemntka, containing in the third book, the Come- 
tic Aftronomy, whfich had been lately difeovered 
by him, and now made iu firll appearance in th« 
W'orld ! a work which may be looked upon as the 
produftion of a celedial intelligence rather than of a 
man. 

Tins work however, ia whicK the great author has 
built a new fydcip of natural philofophy upon the mod 
fubliinc geometry, did not meet at fird with all the 
applaufc k deferved, and was one day to receive. Two 
reaibns concurred in producing this cffeA ; Des Cartes 
had then ^ot full poiiefiion of the world. His phflo- 
fophy was uidccd the creature of a fine imagination, gaily 


drefled out : he had^’ven l^r fqn^ pf 

fine features, and paint, cd the .rei^tp likehefs 

of her. On the other hapj. Iwa with an 

unparalleled pcnetratioBi and force of purfued 

nature up to her mdft fecret abode, app was intent to 
denion/lrate her reftdence to others, ratlier, than amjfous 
to deferibe particularly the way by which be arrived at it 
himfclf : he fini/hed his piece in that elegant concifeuefs, 
which had judly gained the Ancients an univerfal cf 
tceni. In fa£I, the confequences How with fuch ra- 
pidity from the principles, that the reader ig often left 
to fupply a long chain of reafoning to conncid them ; 
fo that it required fome time before the world could 
ijudcr/land it. The bed mathematicians were obliged 
to lludy it with care, before they could make them- 
ftlvcs mailer of it ; and tliofe of a lower ^rank durft 
not venture upon it, till encouraged by the teflimonies 
of the more learned. But at lad, when its value came 
to be fufficicntly known, the approbation whicb had 
been fo ilov/ly gained, Kecame univerfal, and nothing 
was to be heard from all quarters, but one general burlt 
of admiration. “ Does Mr. Newton eat, drink, or 
ileep like other men fays the marquis dc rHofpital, 
one of the greateil mathematicians of the age, to the 
Englifii who vilked him. I reprefent him to myfelf 
as a celeftial genius intirely difengaged from matter.” 

In the midk of thtfc profound mathematical rc'- 
fearches, juil before his Pnneipia went to the prefs in 
1686, the privileges of the univcrlity being attacked by 
James the 2d, Newton appeared among its moil ftrenu- 
ous defenders, and was on that occafion appointed one 
of their delegates to the high-commilfion court ; and 
they made fuch a defence, tjiat James thought proper 
to drop the affair. Our author was alfo chofen one of 
their rnembers for the Convention-Parliament in i688> 
in which he fat till it was diffolved. 

Newton’s merit was well known to Mr. Montague, 
then chancellor of the exchequer, and afterwards earl 
of Halifax, who had been bred at the fame college 
with him ; and when he undertook the great work of 
recoining the money, he fixed his eye upon Newton 
for an aliiftant in it ; and accordingly, iu 1696, he was 
appointed w'arden of the mint, in which employment, 
he rendered very figniil fervice to the nation. And 
three years after he was promoted to be mafler of the 
mint, a place worth 12 or 15 hundred pounds per 
annum, which lie held till his death. Upon this pro- 
motion, he appointed Mr. Whillou his deputy in the 
mathematical profcfTorfhip at Cambridge, giving him 
the full profits of the place, which appointment itfclf 
he alfo procured for him iu 1703. The fame year 
our author w'us choftn prelideut of the Royal Society, 
in which chair he fat for 25 years, namely till the time 
of his death ; and he had been chofen a member of 
the Royal, Academy of Sciences at Fans in' 1 699, as 
foon as the new regulation was made for admitting fo- 
reigners into that {ociety. 

Ever fince the firll difcovery of the heterogeneous 
mixture of light, and the, prod ucl ion of colours thence 
arifing, he had employed a good part of hfs time in 
bringing the experiment, , upon which the theory is 
founded, to a degree of exa^^nefs that might fatisfy 
himfelf. The truth ia, this feems to have been his fa- 
vourite invention ; 30 years he had fpent in this ardjt- 
3 " Otis 
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•us t»(k, Wore he publiflied it in 1704. In infinite 
feries and fluxions, and in the power and r.ulc of gravi- 
ty in prcfennng the folar fyftem, there had been lomc, 
though diftant hit^t, given bv others before him : 
whereas in differing a ray of Kght into its primary con- 
ftituent particles, which then admitted ot no further 
feparation ; in the difeovery of the diftcrent refrangi- 
bility of thefc particles thus feparated ; and that thefe 
conftituent rays had each its own peculiar colour in- 
herent in it; that rays falling in the fame angle of 
incidence have altematc fits of reflection aixl refraction; 
that bodies are rendered tranfparent by the mimitc- 
nefs of their pores, and become opaque by having them 
large ; and that the moll tituirparent body, by having 
a great thinnefs, will become lefs pcr\'jou<? to the light : 
in all thefe, which make up his new tlieory of light 
and colours, he was abfolutely ai.ti entirely the firll 
ilartcr; and as the fubjeCl is of the moll fubtic and 
delicate nature, he thought it neccilary to be himfelf 
the lall fin i flier of it. 

In faCt,thc affair that chiefly employed his refearches 
for fo many years, was far fiom being confined to the 
fubjeCl of light alone. On the contrary, all that we 
know of natural bodiesr feemed to be comprehended m 
it j he had found out, that there was a iiatuial aClion 
at a diftance between light and oth'T bodies, by which 
both the reflcClions and refraClic ns, as well as inflec- 
tions, of the former, were conlhntly produced. To 
.afeertain the force and extent of this principle of aClion, 
was wdiat had all along engaged his thoughts, and 
what after all, by its extreme fubtlety, efcaped his 
moft penetrating fpirit. However, though he has 
not made fo. full a difeovery of this principle, which 
directs the courfe of light, as he has in regard to- the 
pow'er by which the planets are kept in their courfes ; 
yet he gave the beft directions poflible for fiich as 
fliould be difpofed to carry on the work, and furniflied 
matter abundantly fufficient to animate them to the 
piirfiiit. He has indeed hereby opened a way of paif* 
ing from optics to an entire lyllem of phyfics ; and, 
if we look upon bis querres as containing the hiftory of 
a great man^s fiHl thoughts, even ia that view they 
muit be alw'ays at leaft entertaining and curioas. 

This fame year, and in the Sme book with his 
Optics, he publifticd, for the fir ft time, his Method of 
Huxions. It has been already obferved, that thefc two 
inventions were intended for tlic public fo long before 
as 167 a ; but were laid by then, in order to prevent 
his being engaged on that account in a difputc about 
them. And it ia not a little remarkable, that even 
now this laft piece proved the occafion of another dif- 
pwte, which continued for many years. Ever fince 
1684, Leibnitz had Wen artfully working the world 
into an opinion, that he firft invented this method.-^ 
Newton faw his defign from the b^'nning, and had 
fufiicicntly obviated it in the firft c&ionr of the Priii^ 
cipia, in 1687 fo tkc Scholium to the ad lemma 
of the 2d book) ; and .with the fame view, when- he 
nowpubrilhcdthat method, he took occafion to acquaint 
tlie world, that he invented it in the years 1665 and 
1666. In the Ajfta Eniditormn of Lcipfic, where ah 
account is given of this book, the author of that ac- 
count aferibed the invention to Leibnitz, intimating 
^at Newton borrowed it front him. Dr. Keill, the 


aflronomica! profeflbr at Oxford, undertook NewtonU 
defence j and after fcvcral anfwers on both fidee, Leib- 
nite complaining to the Royal Society, this body ap- 
pointed a committee of their members to examine the- 
merits of tlie cafe. Thefe, after coufidering all the papera 
and letters relating to the point in controverfy, decided 
in favour of Newton and Keill ; as is related at lai^c in 
the life of tlvis laft mentioned gcntlcrffcin ; and thefe pa- 
pers thcmfelvcs were publifhea in 1712, under the title 
of Commci'cium Epiftolicnm Johannis Collins, 8yo. 

In 1705, the honour of knighthood was conferred 
upon our autlior by queen Anne, in confideration of 
hisgieat merit. And in 1714 he was applied to by 
the Houfc of Commons, for his opinion upon a new 
method of difeuvering the longitude at fca by lignals, 
which had been laid before them by Ditton and Whif- 
ton, in order to procure their encouragement ; but tl» 
petition was thrown afide upon reading Newton^s pa- 
per delivered to the committee. 

The following year, 1715, Leibnita, with the view 
of bringing the world more eafily into the belief that 
Newton had taken the method of fluxions from his 
Diil'ercntial method, attempted to foil his mathematical 
Ikill by the famous problem of the trajedories, which 
he therefore propofed to the Englifti by way of chal- 
lenge ; but the lolution of tliis, though the moft diffi- 
cult propofition he was able to devife, and what might 
pafs for kn arduous affair to any other, yet was liaidly 
any more than an amufement to Newton^s penetrating 
genius ; he received the problem at 4 o^clcx^ in the af- 
ternoon, as he v/as returning from the Mint ; and, 
though extremely fatigued with bufiacfs, yet he finiflied 
the folution before he went to bed. 

As Leibnitz was privy-counfcllOr of juftice to the 
ele^lor of Hanover, lo when that prince was ralfed to 
thcBritifli throne, Newton came more under the notice 
of the court; and it was for the immediate fatisfadioii 
of George the Firft, that he was prevailed on to-put the 
kil hand to the difpute about the invention of Fluxions; 
In this court, Caroline priucefs of Wales, afterwards 
queen confort to George the Second, happened to have 
acuriofity for philofopnical enquiries ; no fooner thcref 
fore was Ihc informed of our author -s attachment to the 
houfe of Hanover, than. engaged hii converfation, 
which fopa endeared him to her.. Here flie found in 
every di^hlty that full fatisfadion, which flic had 
in vain fought for clfcwhcrc; and. flic was often 
heard to declare publicly, that (he thought herfelf 
happy in coming into the world at a jundure of time, 
whkn put k in her power to converfc with him. It 
wat at this princck’s felicitation, that he drew up an 
abftrad of his Chronology ; a copy of which was at 
her requeft communicated, about ^18, to fignior Conti, 
IT Venetian nobleman, then m England, upon a pro- 
mife to keep it fecrct. But notwjthftanding this pro- 
aiife, the ab^,' who while here had aUb affeded to inevs 
a particular friendJhip for Neutoo, though privately 
betraying him as much aslay in his power to Letlmitr, 
was* no fooner got acrofs the water into Fiance, than 
he difperfod copies of it, and procured an antiquary to 
tranflate k into French, as well as to write a coniutation 
of it. lliis^ being printed at Paris in 1725, -was del^ 
vered at a prefent from the bookfeller that printed it to 
our author, thathe might obtain, as watiaid,^hitconfe!ic 
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to the publication ; but though he cxprtTsly reefed 
fuch confent, yet the whole waa pubhfliecl the fan^ 
year. Hereupon Newton found it ncce/Taryto piibi*^ 
a Defence ofhimfelf, which was inferted in the I’hiJo- 
fophical Tj-anraaionj. Thus he, who had fo much all 
his life long been lludioua to avoid difputes, was un- 
avoidably all bis life time, in a manner, involved in 
them ; nor did tbilMafl. dilputc even finirti at his dteath, 
which happened the year following. Newton’s paper 
was rcpublllhcd in 1726 at Paris, in French, with a 
letter of the abbe Conti in anfvvcrtoit ; ami the fame 
vear fome diflertatitjns were printed there by father 
Soucict again 11 Newton’s Chronological Index, an an- 
fwer to which wasinlVited by Halley in the Philoiophi- 
ealTranfai^lions, numb. 

Some time before tills buruiefs, in his 80th year, our 
author was felztcl with an incontinence of urine, 
thgiH^ht to proceed fiom the Hone in the bladder, and 
deemed to be incurable. However, by the help of a 
ftric'l regimen and other precautions, which till tlunhe 
never had occafion for, he procurtd conliderablc inter- 
vals of eafe during the five remaining years of his life. 
Yet he was not free from fome fevere paroxyfms which 
even forced out large drops of fwtat that ran down liU 
face. In thefe circumllances he was never obferved to 
utter the leaft complaint, nor exprtfs the leal! impa- 
tience ; and as fopn as he had a moment’s cafe, he would 
fmik and talk with bis ufualchcarfulricfs. He was now 
obliged to rely upon Mr. Conduit, who had married 
his niece, for the difebarge of his oflicc in the Mint. 
Satuiday morning March t8, 172/1 he read the newf- 
papers, and difcourftd a long time with Dr. Mead his 
phyfician, having then the perfect ufc of all his fenfes 
and hiitunderftanding ; but that night he cnthcly loll 
them aU, and, not recovering them afterwards, died 
the Monds^ following, March 20, in the Sylh yctir of 
kts age. His corpfc lay in Hate in the Jerufaltm- 
chamber, and on the 28th was conveyed into Weftmin- 
fter-abbey, the pall being fupported by the lord chan- 
cellor, the dukes of Mojitrofe and Roxburgh, andtlic 
carls of Pembroke, Sufl’ex, and Macclesfield. He was 
interred near the cntn^ncc int« the choir on the left 
hand, where a (lately monument is creeled to his 
memory, with a mod elegant Infcriptioii upon it. 

Newton’s cbaraflcr has been attempted by M- Fon- 
tcnelk and Dr. Pemberton, the fubllance of which is as 
fbliow'8. He was of I middle ftatur<^ and foroewhat 
inclined to be fat in the latter part of his life. His coun- 
tenance was pkafing and venerable at the fame time ; 
efpccially wlien he took off hU peruke, and (hewed hi» 
irhitc hair, which was pretty thicks He never made 
ufc .of fpedaelcs, and Icdl^ but one booth during his 
whole life. Bii\op Attcrbnry fay^ that, in the whole 
air of Sir Ifaac’s face and make, there was nothmg ^ 
that penetrating fagacity which appears in hiacpmpoli- 
tions ; that he bad fomething rather languid in his looJk 
and manner, which did not plfc an^ great expectation, in 
jthofe who did not know him« 

Hia temper it is Caid waafp equal and mild* that nfi 
accident could diHurb it. A remarkable inftaqcc of 
which i« related, as follows* Sir Ifoac had a favourite 
httie dog*, which he called Diamond. Besng one day 
caUed out of hit ftndy into the next room* E^amond waa 
lalkuMbiwh When Uaiic vauraed* luttfog 
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fent but a few minutes, he had the mottificatfoo to6a(h 
that Diamond having overfet a lighted among 

fonu- papers, the nearly finilhed Wbour of rfagy years 
was ill flames, and aliiJoA.confumcd to a Acs. Thiifoft, 
asSif Ifaacw^as then very far advanced WAsir<^ 

retrievable | yet, without once ftriking the dog, he 
only rebuked him with this exclamation, Oh Dia- 
mond ! Diamond ! thou little knoweft the mifohief 
thou liall done 1” ^ ^ ^ 

He was indeed of fo meek and gentle a difpofition, and 
fp grcrit a lover of peace, tliat he would rather have cho- 
fen to remain in obfeurity, than to have the calm of 
life ruffled by thofe Aorms and difputcs, which genius 
and learning always draw upon thofe that are the moft 
eminent for tliem. 

From his love of peace, no doubt, arofe that un- 
ufual kind of horror which he felt for all difputes ; a 
Ready unbroken attention, free from thofe frequent rc- 
coilings infeparybly incident to others, waa his peculiar 
felicity ; he knew it, and he knew the value of it. Nor 
wonder then that controverfy was looked on as his 
bane. When fome objc( 5 tions, ha Ally made to his dif- 
coveries concerning light and colours, induced him to 
lay afide the deOgn he had taken of publifliing his Opti- 
cal Le6lures, wc find him refleding on tliat difpute, in- 
to which he had been unavoidably drawn, in thefe 
temb: I blamed my own imprudence for parting 

with (o real a bleffiog as my quiet, to run after a (ha- 
dow.” It is true this fliadow, as Fontenelle obferves, 
did not cfcapc him afterwards, nor did it coll him that 
quiet which he fo much valued, but proved as much a 
real happinefs to him as hU quiet itl’elf ; yet this waa 
a happinefs of his own jnaking : he took a refolution 
from thefe difputcs, not to publilh anymore concerning 
that theory, till he had put it above the reach |pf con- 
troverfy, by the cxadlcft experiments, and the ffriftell 
demonffi-ations ; and accordingly it has never been 
caAed in queflion fince. In the fame temper, after he 
had fent the manufeript to the Royal Society, with his 
confent to the priniiug of it by them ; yet hpoa 
Hook’s injurioufly infifting that he himfelf haddemon- 
Arated Kepler’s ptoblem before our author, he determin- 
ed,rathcr than be involved again in a controverfy, to fup- 
prefs ^hc third book ; and he was very hai'dly prevailed 
upon to alter that refolution. It is tnie, the public was 
thereby a gainer ; that book, which is indeed no more 
than a coroUary of fome propufitions in the ArA, being 
oiiginally drawn up hi the popular way, with a defign 
to publilh it in that form ; whereas he was npw con- 
vinced that It would be btA not to let it go abroad 
wilhpvit a Arid deiponAration. 

In contemplating his genii^^it prefently becomes 
a doubt, which of tbefc end^Rnents bad the gre^- 
cA Awrc, fagacity, penett^^n, Arengtb,' or dili- 
ffcncc ; apd, 4i^fcr all, the mark that feems moft to 
diAinguifo is, th^t he himfelf made the jufteft efti- 
mation of it, declaring, that if be had done the world 
apy fervice, it was do? ^ nothing but ioduftry and. par 
tient thought i that lie kept the lub^ed of conftderaiuoii 
eonftantly Dcfbre him*, ttnd waited tiU the fir A. dawning 
opened gr^ually,^ lit^e xnd littki into a fuff and 
clear It ii uid» that when he had any mathe« 

IQatica^probleo^ or folqttpaihin hii namdjjic would nc^ 
Kr quit tlicfoyelS^ qa npy acqpuat. Ap4 W? 
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fai(3, wlicn he hit bec« getting up In a morning, 
he has fomctlmca begun to drefs, and with one leg m 
his breeches, fat down again on the bed, where he hag. 
remaint d for houri before he has got hia clotheg on : 
and that dinner has been often three hours ready for 
liim before he could he brought to table. Upon this 
head feveral little anecdotes arc related ; among which 
is the following : Dodlor Stukcly coming in accidentally 
one day, wditn Newton’s dinner was kft for him upon 
the table, covered up, as ufiial, to keep it warm till he 
ccuM tiud it couveuient to conic lo table; the doclor 
lifting the cover, found under it a chicken, whitb he 
prcfcnily ate, putting the bones in the dilli, and re- 
placing llie cover. Some time alter Newton came into 
the room, and after the ufual compliments fat down to 
his dinner ; but on taking up the cover, and feeing only 
the bones of the fowd left, heobfc'-ved with fome little 
furprlfe, **I thought I had not dined, but 1 now find that 
I have.'* 

After all, notwdthfianding his anxious care to avord 
eveiy occalion of breaking his intenfe application to 
Itiidy, he was at agicat diftance fiom being ftceped in 
philofophy. On the contrary, he could Uy afidc his 
thoujdits, though engaged in the moll intricate rc- 
ftaichcs, when his other affairs required bis attention ; 
and, as foon as he had Icifure, refume the fubjtifi at the 
point where he had left off. 'riiis he feems to have 
done not fomuch by any extraordinary flrengtli of me- 
mory, as by the force of his inventive faculty, to which 
eveiy thing opened itfelf again w'ith cafe, if nothing in- 
tervened to rufHe him. 1 nc readinefs of his invention 
made him not think of putting his memory much to 
tile trial ; but this was the ofbpring of a vigorous in- 
tenfenefs of thought, out of which he was but a com- 
mon man. lie fpent therefore the prime of his age in 
lliofc abfbufe rcfearches, when his fit nation in a college 
gave him Icifure, and while fludy was his proper bu- 
ll nefs, But as fogn as he was removed to the mint, 
he applied himfcif chiefly to the duties of that office ; 
and lo far quitted mathematics and philofophy, as 
not to engage in any purfuits of either kind afterwards. 

Dr. Pemberton obferves, that though his memory 
was much decayed in the laft years of bis life, yet he 
perfectly underftood his own writings, contrary tfll^'hat 
1 had foiineidy heard, faps the do^lor, in difcouife from 
many perfons. This opinion of theirs might arife per- 
haps from lug not being always leady at fpcaking on 
thefe fubiefts, when it might be cxpedled he fhould. 
But on this head it may be ohferved, that great ge- 
niufes arc often liable to be abfent, not only in relation 
to common life, but with regard to fome ot the pails 5f 
feknee that they arc informed of : inventors feem 
to treafure up in thci*inds what they have found out, 
after another manner, than thofe do the fame things, 
who have not this inventive faculty* Theformer, when 
they have occaflon to produce their knowledge, are in 
fonae mcafure obliged immediately to invciligate part of 
what tl^ want ; and for this they are not equally fit 
at all times ; from whence it has often happened, that 
luch as retain things chiefly by means of a very llrong 
have appeared oft* hand more expert than the 
difeoverers ihemfcWet. 

It was erideotly owiog to the fame inventive faculty 
that Newton, at this writer found, had read fewer of 
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the m^em mathematicians than one could have expeft. 
ed I his own prodigious invention readily fupplying him 
with what he might have occafion for in the purfuit 
of any fuhjeift he iind'rtook. However, he often cen- 
fured the handling of geninetrical fubjccls by algcbruiq 
calculations; and his book of algebra he coned by the 
name o^'UvtTcrfil A\\ihn\cti(y in opj^fition lo the inju- 
dicious title of wdiich Des Cartes had given 

to the tivatife in which he flicws how the geometrician 
may affill his invention by fuch kind of computations. 
He frc<iueiitJv prailed ^lufius, BaiTow, and Huy- 
gens, for not being influenced by the falfe tulle which 
then began to preuil. He ufed to commend the lau- 
dable attempt of Hugo d’Omenque to reftore the an- 
cient andyfis; and very much eftcemed Apollonins*! 
book Dc Si'dione RiUiomSy for giving us a dearer no- 
tion of ibut analylis than \rc had before. Dr. Barrow 
may be cllccined as having fliewn a compafs of invention 
equal, if not fupcrlor, to any of the Moderns, our au- 
thor only excepted ; but Newton particularly recom- 
mendcil Huygens’s ftyle and manner: he thought him 
the moft elegant of any mathematical writer of modem 
times, and the trucll imitator of the Ancients. Of their 
talleand mode of demonfiiation our author always pio- 
fcHed himfelf a great admirer ; and even cenfured him- 
fdf for not following them yet more clofcly than he 
did ; and fpoke w ith regret of his miftakc at the begin- 
ning of his mathematical {Indies, in applying himfcif 
to ilic works of Pcs Cartes, and other algebraic wri- 
tci 8 , befoie he had confidercd the Elements of Euclid 
with that attention which fo excellent a writer dtferves. 

But if this was a fault, it is certain it was a fault to 
which we owe both kis great inventions in fpcciilative 
mathematics, and the do^Irinc of Fluxions and Infinite 
iSeries. And perhaps this might be one rcafon why 
hia particular reverence for the Ancients is omitted by 
Fontcnelle, Who however certainly makes fome amends 
by that juil elogium which he makes of our author’s 
modclly, which amiable quality he reprefents as Hand- 
ing foremoft in the charadlcr of this great man’s mind 
and manners. It was in reality greater than can bo 
eafily imagined, or will be readily believed ; yet it al- 
ways continued fo without any alteration ; though the 
whole world, fays Fontcnelle, coufpired agalaii jt ; let 
us add, though he wa» Thereby robbed of his invention 
of Fluxions. Nicholas Mercator publifbing his Lo^a^ 
rtlhmotechnmin l 668 , where he gave the quadrature of 
the hyperbola by an infinite ferics, whicb was the fir ft 
appearance in the learned woildof a feries of this fort 
dmwn from the particular nature oftbc curve, and that in 
a manner very new and abllradled j Dr. Barrow, then at 
Cambridge, where Mr. Newton, then about 26 ycarsof 
age, refided, recoIlcd>cd, that he had met with the 
^fame thing in rhe writings of tliat young gentleman 2 
and there not confined to ihc hyperbola only, but exit nd- 
ed, by general forms, to all forts of curves, even fuch ai 
arc mcchinical j to their quadratures, their redtifica- 
tions, andtlieir centres of gravity ; to the folids formed 
by their rotations, and to the fupcrficics of thofe fa- 
Hds; fo that, when their determinations were poffiblc, 
the ferics Hopped at a certain point, or at Icaft their 
fums were given by dated rules; and if the abfolutc de- 
lerminationB were impolTible, they coUld yet be infi* 
nitely approximated ; which it the hap{neil and moft 
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refined metijiod, Tays Fontcnellc, of fupplying the de- 
fedts of ihiiman knowledge tluL mau'j imslgi nation 
could poHihly invent. To be mailer of fo fruitful and 
general a theory was a mine of gold to a geoinetri- 
tian ; but it was a greater glory to have been the dif- 
coverer of fo f.irprili'ig and ingenious a fydern. So 
lliat Newton, finding by Mercator^, book, that he 
Was in the way to it, and ihat others might follow in 
his track, fliould naturally have been forward to open 
bis trcafiires, and fecurc the property, which conlilU'd 
in making the difcovciy ; but he conte^nted 1 imfclf 
with his treafure which he had found, without regard- 
ing the glory. Whut an idea docs It give us of his uii- 
naialkled mo Icfly, when we ihul him declaring, tliat 
he ihouglit Mfjca’ur Ud cntiiely dife^ivered his Ic- 
cret, or that others \\ould, bcTuiC he (hoidd become <jf 
a pjoper age for w i iting ! Hi . manufcrlpt upon Infuiiic 
iSeries was commuiilcated to none but Mr. John Col- 
lijis and tlic h)rd lirounker, then PrchdcMit of the 
Koval Society, who had alfo done fomething in this 
wif liimfelf; and e^tu tirat had not been copnplied 
with, liut fur Dr. Barrow, who would not fuller him 
to indulge his modelly fo much as he dchred. 

It is fmther obferved, concerning this part of his 
cliavadcr, that he never talked ' cither of hlmfclf or 
others, nor ever behaved in fnch a manner, as to give 
the moll malicious cenfurers the leaft occafion even to 
fiifjiedl him of vanity. He was candid and affable, and 
always put hirr.fclf upon a le\cl with his company. He 
never thought cither his mciit or his reputation fuffi- 
oieiit to cxcufe him from any the common olficcscf 
focial life. No fingplarlties, either natural or alfeiled, 
diAihguifliccl him from other men. Though he was 
Armly attached, to the church of England, he was 
averfe to the pcifccCltlon of ilie non-couformiAs. He 
judged of mtii by their manners ^ and the true fehif- 
matics, in his opinion, were the vicious and the wick- 
ed. Not that he confined his principles to natural re- 
ligion, for it Is faid he was tliorowghly perfuaded of the 
truth of Revelation ; and amidlf the great variety of 
books which he had conAantly before him, tliat which 
he lludieJ with the grcatcil application was the Bible, 
at leall In the latter years of his life : and he underilood 
the nature and force of moral certainty as well as he did 
that of a ftrltd demonftration. 

Sir Ifaac did not ncgledt the opportunities of doing 
good, when the revenues of his patrimony and a pro- 
fitable employment, improved by a prudent ctconomy, 
put It in bis power. We have two remarkable iiillances 
of his bounty and genciofity ; one to Mr. Maclaurin, 
extra profclfor of nrathematios at Edinburgh, to encou- 
rage whofe appointment he offered 20 pounds a year to 
that office; and the other to, his niece Barton, upon 
whom he had fettled an annuity of lOO pounds per an- 
num. Whcn decency upon any occafion reejuired cx- 
pcncc and fhew, he w\as magnificent without grudg- 
ing it, and with a very' good grace : at all other times, 
that pomp which feems great to low minds only, was 
utterly* retrenched, and the expence referved for better 
ufes. 

' Newton never married ; and it lias been faid, that 

perhaps he never had leifurc to think of it ; that, beinjj 
immerfed in profound Audics during the prime of his 
age, and afterwards engaged in im employment of great 


importance, atid even ^uite taken up with the compa- 
ny which his merit drew to him, he was not fcnfiblc of 
any vacancy in life, nor of the want of a companion 
at home.*’ Thcfc however dp n6t apjjcar Jo be any fuffi- 
cieht rcafons for his never marrying, if he had had an in- 
clination fo to dp. It is much more likely that he had a 
coiiAitutional indifference to the Aatc, and even to the 
fex ill general; and it has even been faid of him, that he 
never once knew woman, — He left at his death, it 
feems, 32 thoufand pounds ; but he made no will ; 
which, Fontenelle? tells us, was becaufe he thought a 
legacy was no gift. — As to his works, bcfides what 
uere publifiicd in his life-time, there were found after 
his death, among his papers, feveral difeourfes upon 
the fubjeds of Antiquity, Hdloiy, Divinity, Cheinif- 
tiy, and Mathematics; ieveral of which weie puhlilhed 
at diilerent times, as appears from the following cata- 
logue of all his works ; wdicic they arc ranked In thtf 
order of time in which tliofe upon the fame lubjeCt 
were publiflu d. 

1. Several Papers relating to his 7 thfropey and his 
Thcoiy of Light and Colours, printed in the Philofo- 
phical Tranfadlions, numbs. 80, 81, 82, 8^, 84, 85, 
88, 96, 9^, 110, 121, 123, 128 ; or vuU 6, 7, 8, 
9, 10, u. 

2. OpticSf or a Treatfeof the RefcCions, Rtf (dCions, 
and Irpccllor.Si and the Colours of Jjghi; 170], 410. — 
A Latin tranflation by Dr. CLrke ; 1706, 4to.' — And 
a I’rcnch tranllatlon ’oy Pet. Coib', Amll. 1729, 2 \uU 
121110. — Befide feveral Englifli editions in 8\o. 

3. Optical Letlurcs ; 1728, 8vo. Alfo in feveral 
Letters to Mr. Oldenburg, feerctary of the Royal 
Society, infeited in the General Dldlionaiy, under our 
author^s article. 

4. Lcdloncs Optic(r ; 1729, 4to. 

5. Nnluralis Idulnfcphia Pthrrupla Miithcmnllca ; 1687, 

4to. — A fecond edition in 1713, with a Preface, by- 
Roger Cotes’. — Hie 3d edition in 1726, under the di- 
rcdlion of Dr. Pcinbertou. — An Englifli tranflation, by 
Motte, 1729, 2 volumes 8vo, printed infcveial editions 
of liiswoik's, in diifeient nations, paillcularly an edi- 
tion, with a large Commentary, by the two learned 
jefnits, Lc Scur and Jacquier, in 4 volumes 410, in 
‘ 73 ^i 74 o» 1742. 

Syfem of the ICorld, tranHatrd from the Latin 
original; 1727, 8vo. — I'his, as lias been all eady ob- 
ferved, was at'lirA intended to make the tliinl book of 
his Principia. — An EngliHi tranflation by Motte, 1 729, 
8vo. 

7. Several Letters to Mr. FlamAeed, Dr. Halley, 
and Mr. Oldenburg.. — See our author’s article in the 
Ge’neral Dictionary. 

8. A Paper concerning tJoe Htugitudc ; dravs'h up by 
order of tlie Houfe of Commons ; ibid. 

9. Ahrege de Chronologies 1726, under the di- 
reftion of the abbo Cohti, together with fome Ob- 
fen’ations upon it. 

10. Remarks upon the OhfcrycUions made upon a Chro- 
nological Index of Sir /. Newton, Philof, Tranf. 
vol. 33. See alfo the fame, vol. 34 abd 35, by Dr. 
Hailey. 

n. The Chronology of Ancient Kingdoms amend- 
ed, &c ; 1728, 4to. 

12. Arithmelica Unlverfalts, fffc ; under the infpec- 
4 tion 
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tirtn of Mr. Whifton, Can^at). 1707, 8vo. Printed I 
think ^rjLholIt the author's coiifcnl, and cyen againft lus 
will: un offence vvhiely it feerns was never forgiven. 
There arc ado Engliih editi9n4 of the fame, partJcu- 
lai^y ouc by Wilder, with a Commentary, in 1769, 

2 voo 8vo. And a Latin edition, with a Commentary, 
by Caitllion, 2 vols 4to, Amft. &c. 

I Anitlyfts pfr ^taniijatum SirieSf P/uxtonrs, H 
'DtCi nuld^f cum Ehuma'atwne Ltnearmn TerliiOrdlms ; 
lyn, 4to ; mider the iriTpcdion of W. Jones, Khp 
F. li. 8.— The Lift tra£l had been publiflied before, to- 
gether v>ita another on i\\^ Q^uaclrature of Curves ^ by 
the Method of Huxions, under tlic title of Traddlvs 
lino de Sp'Cn'bus (ff Ma^nitudirL* Pi^utarum Curvill- 
fififrum ; fubjolned to the firll edition of his Optics in 
1704; aiid other letters in the Appendix to Dr. 
(brgory’^i Catoptrics, &c, 1735, Rvo. — Under this 
head may be lanked Ne'ivlonl Genrfts Curvarum per 
Un.lrdi ; Leyden, 1740. 

1 4. S( veral Letters rehutn^ to his Dtfpute \vitb LrtL 
n‘t-% upon ills Right to the Invention of Fluxions ; 
j)i!nt<.d in the Cvmmerchm P^piflolicum D* Johannis 
('’■Jl'i'i id (diorum de Analyjt PiomutUf jujfu Soclctatis 
R(fure<i!!im\ 1712, 8vo. 

15. Ihdlfcript and Letter of M. Leibnitz to the 
Abbe Cc' Ui, with Remarks, and a Letter of his own to 
tliat Abbe ; 1717, Hvo. To w'hich was added, Raph- 
foil’s liidvuyof Fluxions, as a Supplement. 

16. The Method of Fluxions ^ and Analyfts ly Inji- 
n'lte SeiiiSf tranflated into Englilh from tne original 
Latin; to wbich is added, a Perpetual Commentaiy, 
by tlic tiMiiflator Mr. John Colfon ; 1736, 410. 

17. Stvcral Mifcellaueous Pieces y and Letters, as fol- 
low (i). A Letter to Mr. Boyle upon the fubjetF 
of the Philofoplu’Fs Stone, inferted 111 the Gciural 
l)i. lionniy, under the article Boyle. — ^2). A Letter 
t<i } Ir. Alton, containing dire(flions for his travels; ibid, 
under our autlior’s ailicle, — (3). An Englifh Tranfla- 
tion of a Lftln Differtation upon the Sacred Cubit of 
the Jg\\ 1. Inferted among the mifccllaneous works of 
Mr. Jol'iU Greaves, vul. 2, publlfhed by Dr. Thomas 
Birch, in 1737, 2 vols 8vo. This Diflcrtatioh w'as found 
Inbjoiiied to a work of Sir Ifaac’s, not finlflied, inti- 
tled tjtx'icou P) opheticuni. — (4)* Four Letters* from 
Sir Ifaac Newton to Df. Bentley, Containing fomc^ar- 
gum(.nts in proof of a Deity ; I 756 > 8vo.--^(5). Iwo 
Letters to Mr. Clarke, &c. 

18. Ohfervatlous on the Prophecies of Daniel and the 
PpoccdypJ'e of St» Jolm ; 1733, Ato, 

19. Jf, Nfwtoni Ekmenta PerfpePiva UnrOerfalis ; 

17./), 8 VO. 

20. '‘Tallei for purch^xng College Leafs ; I 74 ^i t2mo. 

21. Corollaries, by Whillon. 

22. A CoUedion of fevefal pieces of our author's, 

under the following title, Newtoni If. Opufcula Mathe- 
tnatica Philof, ^ collegit J. Callilioncus ; Lauf. 

1744, 4^0, 8 tomes. 

23. Two *rreatifes of tlic Quadrature of Curves, and 
Analyfisby Eq,uationsof an Inlinite Number of Terras, 
explained : tranflated by John Stewart, with a large 

Commentary; I745:f 4to* r • x, 

24^ Defckpioit rf an tnllrument for obfcrvmg the 
Moon's Dillancc froth tlvcFBted Stars at Sea. Phdof. 
Tmnf. voL 42. 


^5. Newton alfo publllhcd jdarrom^s Optical I^ec^ 
tures^ in 1699, 410 : aiui.fleni. Varetiii Gcographtay^c ; 
V6Si,‘ Svo. • 

26. The whole works of Newton> publiflied by Dr. 
Horfley; 1779, 410; in 5 volumes. 

The following is a lift of the papers left by Newto** 
at his death, a? mentioned above. 

A CataloTue ff Sir Ifaac Uroufon^s Mannferipts and 
Papers, as annexed to p Pond, f(X>en ly Mr, Condnit, to 
the Adinwi/Iralors of Sir Ifiac ; by ^vhich be obliges him- 
felf to accouni for any profit he Jhall make by pMjljlug any 
cj' the papers. 

Dr. l\l!et, by agreement of the executors, entered 
into Ads of the Pterogativc Court, being appointed to 

f »crufe all the papers, and judge which weic proper for 
he prefs. 

No. 

1. Viaticum Naiitarum ; by Robert Wright. 

2. Mifccllanca ; not in Sir Ifaac’s hand writing. 

3. Mifcedlaiiea ; part in Sir Ifaac’s l^aiid. 

4. Trigonbmetria ; about 5 flicets. 

5. Dclinitioiis. 

6. Mifccllanca ; part 1*11 Sir Ifaac's hand. 

7. 40 fliecta in 4tQ, relating to Church Fliftory. 

8. 1 26 flicets written on onc/ide, being foul draughts 
• of the Prophetic Slilc. 

9. 88 flicets relating to Church Hiffory. 
id. About 70 loofc fhccts in fmall 4to, of Chemical 
^ papers ; forne of which are not in Sir Ifaac's 
haiTcl, 

II, About 6t ditto, in folio. 

12. About 15 large flicets, doubled into 4to j Che- 
mical. ' 

13. About 8 flicets ditto, writl'eh on one’ fide. 

14. Aboiit 5: flicets of foul papers, relating to Chc- 
millry, 

15. 12 half-lheetf> of ditto. 

16. ro4 half-fhcets,' in'4to, ditto. 

17. About 22 fhects in' 4to, difto; 

18. 24 Iheels, in 410,^ upon the ProphcciC?’. 

19, 29 half-flicets; hemg an ailfwer to Mr. ITook, 
on Sir Ifatic’i Theory of Colours, 

20. 87 hnlT-fliceU relating to tjie fortte of 

which arc not iivSir Ifaacks Imnd. 

From No. \ to No, 20 examined on the 20th of 
M<iy i727» and judged not fit to bepnntcd. 

r. Pellet, 

\Yitncfs, Tho. Pdkingion. 

21. 328 Ualf-fli'tfck^ itiTolio, and 63 in fmall 410 ; 
being loOfe and foul papers relating to the 
Revelations and Prophecies. 

22. 8 half'fliettS' in fmall 410, relating to Church 
Matters. 

- 23. 2‘4 half-ftiects in final! ^to ; being a difdOuHc re- 
lating to the 2d of King's. 

24. 33r3 half-fltecta in folio, and 37 in ftdilll 410 ; 
being foul and loofc papers rebting to Fi- 
giircs' and P.failicmatics. 

25. 2di lialf-fticets in folio, and’ 21 in fmall 4to ; 
loofe and foul papers' rtflatirig td the Com- 
' mdlrciuiii Epillblicum; 
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91 Kalf-flieet* in (mail 410, in Latin, npon.thc 
Temple of Solomon. 

37 half-rticcts in folio, upon the Holt of Heaven, 
the Sandluary, and other Church Matters^ 

±B, 44 half-fhreti in folio, upon Ditto. 

29. 25 half-lhccts in folio 5 being a farther account 
of the Holt of Heaven. 

^o. 5 1 half-ilKeU in folig^j being an Hiftorical Ac- 
count of two notable Corruption^ of Scrip- 
ture. 

31. 88 half-ftccts in fmall 4to; being Extiads of 

• Church Hillory. 

32. 1 16 half'iheeta in folio ; being Paradoxical Quc(^ 

tioii8 concenwiig Athanaliua, of which levc- 
ral leaven in the beginning aj c very much da- 
maged. 

33. 56 haS-lhecU in folio, Dc Motu Corporum ; 

the greateft part not in Sir Ifaac'shand. 

34. 61 halMhcets in fmall 410; being various fec- 

tions on the Apocalypfe. 

35. 2 5 half-ihect8 in folio, of the Working of the 

Myftcry of Iniquity. 

3$. 20 half-lhcct8 in folio, of the Theology of the 
Heathen®.^ 

37« 24 half'ihccU in folio j being an Account of the 
Contefl between the Hoft of Heaven, and the 
Tranfgreffors of the Covenant, 

38. 31 half-lhecta in folio ; being Paradoxical Quef- 
tioni concerning Athanafius. 

39 * qu^rtcr-fliccti in faiall 4 to, upon the Reve- 
lations* 

40. J74 half-ihects m folio; being loofc papers re^ 

fating to Church Miftory. 

May ih *7*7» examined from No* 21 to No. 40 
incbfivc, and judged them not fit to bepmted; only 
33 and 30 ihould be reconfidcred. 

r* pciiei. 

Witnefs, Tho. PiAifigtoti. 

41. 167 half ihects in folio j being loofe and fold 

papers relating to the Comoiercium Epiftoli- 


cuin. 

42* $1 half-ihects in folio ; being the 3d letter upon 
Texts of Scripture, very much damaged. 

43. 31 half ftects in folio ; being foul papers relating 

to Church Matters. 

44, 495 half-ihcets in folio; being loofc and foul 

papers relating to Calculations and Malhc- 
maiics. 

45* 335 half-iheets in folio ; being loofc and foul pa- 
pers rdating to the Chronology* 

46. 112 (hccts in Imajl 4to, relating to the Revela- 

tions and other Church Matters. 

47. 126 half-ihects in folio ; being loofc papers re- 

lating to the Chronology, part in Engliih and 
part in Latin. 

48. 400 half-ihcets in folio 5 being loofc Mathema- 

tical papers. 

49. 109 (hccts in 4to, relating to the Prophecies, and 

Church Matters. 

50. 127 haif-lhccts in folio, relating to the Umverfi*. 

ty ; great part no\ in Sir Ifaac’s hand, 
r I. 18 (beets in 4I0 ; being Chemical papers. 

52. 255 quarter-iheets'i bdng Chemical papers. 


53. An Accoutlof Corruptions of Scripture 

In Sir liaac's hand. 

54. 31 quartw-fhccu 

of Hieroglyphical Figures. . , 

55. About 3 30 nalf-lheets ; ^ing Milbcllattcous 

pers. 

56., 6,half-iheet8 ; being An Account of the Em- 
pires &c reprefented by St. John. 

57. 9 half-fticets folio, and 71 quartei*-(heet 3 4td;; 

being Mathematical papers. 

58. 140 half-(hcet8, 1119 chapters, and 2 pieces in- 

folio, titled, Concerning the Language of the 
Prophets. 

59. 606 half-(heets folio, relating to the Chronology; 

9 more in Latin. 

60. 182 lialf-lhects folio 5 being loofc papers relating 

to tlie Chronology and Prophecies. 

61. 144 quarter fheets, and 95 half-{hcets folios 

being loofe Mathematical papers. 

, 6a. J37 half-fhccts folio ; being loofc papers relating 
to the Difputewith Leibnitz. 

63. A folio Common-place book^ part in Sir 

Ifaac's hand. 

64. A bundle of Englifii Letters to Sir Ifaac, re- 

lating to Mathematics. 

65. 54 half-(hcct9 ; being loofe papers found in the 

Princlpia. 

66. A bundle of loofe Mathematical Papers ; not 

Sir Ifaac’s. 

67. A bundle of French and Latin Letters to Sir 

Ifaac. 

68. 136 (hects folio, relating to Optics. 

69. 21 half-fhcets folio, De Rationibus Motuuni 

See ; not in Sir Ifaac^s hand. 

70. 70 half (hccts folk) ; being loofe Mathematical 

Papers. 

71. 38 half-lhcets folio ; being loofe papers relating 

to Optics, 

72. 47 half-lheets folio ; being loofc papcrs relating 

to Chronology and Prophecies. 

73. 40 half-(hecU folio ; Proceftus Myftcrii Magni 

Philofophicus, by Wm. Yworlh ; not in Sir 
Ifaac’s hand. 

74. 5 half-(hccts ; being a: letter from Rizzetto to 

Martinc, in Sir ffaac^s hand. 

75. 4t half-ihcets ; being loofe papers of fcvcral 

kinds, part in Sir Ifaac's hand. 

76. 40 half-(heets; being loofe papers, foul and dir- 

ty, relating to Calculations. 

77. 90 half-ihects folio ; being loofe Mathematical 

papers. 

78. 176 half-lhcets folio ; being loofc papers relating 

to Chronology. 

79. 176 half-ihects folio | being loofe papers relating 

to the Prophecies* 

r 12 ?half-(hcctB folio ; An AMbra^ of the 

80. -I Chronology. 

I 92 half-ihcets, folio ; The Chronology. 

81. 40 half-lhccts folio; The. Hiilory of the Pro- 

phecies, in 10 chs^l^Jrs, and part of the i ith 
unfiitiihcd. 

82. 5 fmall bound books in lasio, tb« greateft 

^ot in Sir KaUefs hind^ bdng rough Cm- 
^ Unions. 
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May 1727, Examirrcd from 5 To. 41 to No, 82 
fticlnfivc, and judged not fit to he J)nntcd* except^ 
No. 80, which is agreed to be printed, and part of" 
No. 6 1 and 81, ^vhich ait td be teconfidcrcd. 

n- 

^ . Witncf%> Pililngton* 

It is aflonilhing what care and ihduftry Sir Ifaac had 
employed about the papers "relating to Chronology, 
Church Hiftory,' flee ; as, ort examining the papers 
themfelvcs, which are in thepofTeflion of the family of 
the carl of Poitfmouth, it a])pear8 that many of them 
aic copies over and over again, often with little or no 
variation ; the whole number being upwards of 4000 
fiiee's in folio, or 8 reams of folio paper; bcfide the 
bound books See in this catalogue, of which the num- 
ber of Iheets is not mentionca. Of thefe there Jiavc 
been publifhed only the Chronology, and Obfervationa 
on the Prophecies of Daniel and the Apocalypfe of St, 
John. 

NEWTONIAN Philofophy, the doadne of the 
univerfe, or tlie properties, laws, affedions, adions, 
forces, motions, kc of bodies, both ccleflial and tcricf- 
tiial, as delivered by Newton. 

This term however is differently applied ; which has 
given occafion to fomc confufed notions relating to it. 
For, feme authors, under this term, include all the 
corpufcular philofophy, confulercd as it now ftanda re- 
formed and corredk'd by the diTcoverics and improve- 
monts made in fevcral parts of it by Newton. In 
v.hkh fenfe it is, that Gravffandc calls his Elements of 
Phyfics, Introdudio ad Philofophiam Ncwtoniananir 
And in this fenfe the Newtonian 1$ the fame as the new 
philofophy ; and (lands contradiliingulfhed from the 
Cirtefian, the Peripatetic, and the ancitni Corpufeu- 
lar. 

Others, by Newtonian Philofophy, meim the method 
Cl order ufed by Newton in philofophifmg ; viz, the 
uafoning and inferences drawn dircdly from phe- 
i.omcna, c.xclufivc of all previous hypothefes ; tlic be* 
g’.ining from fimple principles, and deducing the firft 
powers and laws of nature from a few feled phenome- 
iia, and then applying thofc laws &c to account for 
other things. In this fenfe, the Newtonian Philofophy 
is the fame with the Experimental Philofophy, or Hands 
oppofed to the ancient Corpufcular, and to all hypo- 
thetical and fanciful fvHems of riiilofophy. 

Others again, by this term, mean that Philofophy in 
which phy ileal bodies are confidered mathertiatically, 
ai.d where geometry and mechanics arc appb'ed to the 
f jlution of ph^omcn^a. In whicli fenfe, the Newto- 
nian is the fame witff the Mechanical and Mathemati- 
eal Philofophy* . 

Otlicrs, by Newtonian Philofophy, underftand that 
part of phyficalknowledgt which Newton has handled, 
iniproved, and dcmohftratcd. 

And lalUy, others, by this Phflofophy, mean the new 
principles which Newton has brought into Philofophy; 
with the new fyftcm founded upon them, and the new 
fulutions of phenomena thenic deduced ; or that which 
^ ^^^iHcnzet^aiiddiftiDguiflies hia Philofophy from all 
otners. And tbjs is the fenfe hk which we ihall here 
clucfly coofidcr it. 


As to the hiffory of this Phflolbphy, confiilt the 
foregoing article. It was firft publlth^ in the year 
1687, the author being then profeffor of mathematics 
in the univerfity of Cambridge; a ad edition, with 
coiifiderable additions and improvements, came out in 
1713; and a< 3d in 1726. An edition, with a very 
large Commentary, came out In 173$, by Le Scar and 
Jacqiiier ; befidcs tlic complete edition of all Newton’s 
'works, with notes, bf Dr. Horfley, in 1779 See. Se- 
veral autliors have endeavoured to make it plainer ; by 
fetting afide many of the more fublimc mathematical 
refearches, and fubftituting cither moi'C obvious rea- 
fonings or experiments inltead of them; particularly 
WliilFon, in his Prielect. Pliyf. Matheni. ; Gravtfande, 
in Elem. Si Inll. ; Pemberton, in his View &c ; and 
Maclaurm, in his Account of Newton’s Philofophy. 

The chief partSL of the Newtonian Philofophv, as 
delivered by the author, except his Optical Difeove- 
ries ^c, are contained in his Principia, or Mathematical 
Principles of Natui*al Philofophy. He founds hisfyl- 
tem on the following definitions. 

1. Quantity’ of Matter, is the meifurc of the fame, 
anfing from its denfity and bulk conjointly. — ^Thus, 
air ot a double de.ifity, in the fame fpacc, is double in 
quantity ; in a double fpace, is quadruple in quantity; 
in a triple fpace, is fextuple in quantity, &c. 

2. C^antity of Motion, it the meaiure of the fame, 
arifing from tlie velocity and quantity of matter con- 
jundlly. — This is evident, becaufe the motion of tlic 
whole is the motion of all its parts ; and therefore in a 
body double in quantity, with equal velocity, the Mo- 
tion is double, &c. 

3. The Vis Infita, Vis Inertia, or innate force of 
matter, is a power of refilling, by which evei7 body, 
as much as m italics, endeavours to perfevere in its 
prefent ftate, whether it be of reft, or moving uni- 
ibrmly forw^yd in a right line. — This deiuikion is 
proved to he juft by experience, from obferving the dif- 
ficulty with which any body is moved out of its place, 
upwards, or obliquely, or even downwards w hen a^Ied 
on by a body endeavouring to urge it quicker than the 
velocity given it by gravity ; and any how to change its 
ftate of motion or reft, “ And thcretore this force is the 
Came, whether the body have gravity or not ; and ;i 
cannon ball, void of gravity, if it could he, being dif- 
charged horizontally, will go the farhc diftance in that 
direaiou, in the fame time, as if it were endued with 
gravity. 

4. An ImpreflVd Force, is an adlion exerted upon a 
body, in order to change its ftate, wdiether of reft or 
motion. — ^This fon^confifts in the adlion only ; and re- 
mains no longer in the body when the aftion is over. 
For a body maintains every new' ftate it acquires, by its 
via inertias only. 

5. A Centripetal Force, is that by which bodies arc 
drawn, impelled, or any way tend towards a point, as 
to a centre, — ^This may be confidered of three kinds^ 
abfolute, accelerative, and motive. 

6. The Abfolute quantity of a ccntnpetal force, is 
a mcafurc of the fame, ppoportidnil to the efficacy of 
the caufe that urges it to the centre. ' 

7. The Accclei'ativc quantity of au centripetal force, 
is the mcafurc of the fame, proportioj^ to ine velocity 
which it generates in a given time* 

8. The 
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8 » The Motive quantity of a centripetal force, is a 
mcafiirc of the fame, projiortional to the motion which 
it generates in a given time. — This is always known liy 
the quantity of a force equal and contrary to it, that is 
jull fufftcieiit to hinder ttic dcfcentof tha body. 

After llicie dctlnltions, follow certain Sv'holia, treat- 
ing of the latme and dillin^iions of 'riiuc, Space, 
Place, Motion, Abfoliite, Relative, Apparent, 'ruic, 
Real, See. Aflct vvhicli, the autiior piopohs to Ihcw 
how we arc to colkdt the true molions from their 
caufes, clkdl'i, and apparent diiferenccs ; and vice ver- 
fa, how, fiom the motions,' either tiue or apparent, we 
may conic to the knowledge of their eaufes and eifcdls. 
In order to this, he lays down the foll'iwiiig axioms or 
laws of motion. 

ill Law. Lvery body pcifeveres in its (late of reft, 
or of uniform motion in a light line, unlcfa it be com- 
p. ’led to eh.inge tlial Hate by forces impreired upon it. 
-—Thuo, Piojcdliles peifevere in their motions, fo 
Fai as they are not retarded by the refillanceof the air, 

' or impelled downwards by the force of gravity. A top, 
uhofe paita, by tiicir cohefion, arc perpetually drawn 
afide from rcdlilincav molums, docs not ceafe its lota- 
tion othervvife than as it is retarded by the air. The 
greater bodies of the planets and comets, meeting with 
leTs rcfillancc in more free fpaccs, j>refcTVc their mo- 
tions, both progrcflive and circular, for a much longer 
time.” 

2 d Law. The Alteration of motion is alw'ays pro- 
portional to the motive foice iinprefTcd ; and is made 
in the diicdlion of the right line in which that foicc is 
imprefled. Thus, if any force generate a certain quan- 
tity of motion, a double force will generate a double 
quantity, whether that force be iinprcftcd all at once, 
«r in fuqceftive moments. 

3 d Law. To every aiflion there is always oppofed 
an equal re-a 6 lion ; or the mutual actions of two botliea 
upon each other, are always equal, and direiSledto con- 
trary parts. 'Thus, whatever draws orpreftes another, 
is as much drawn or prefled ,by that otlier. If you prefa 
a Hone with, your tlnger, the finger is alfo prefied by 
tile (lone : &c. 

From this axiom, or law, Newton deduces the fol- 
lowing corollaries. 

1 . A body by two "forces conjoined will deferibe the 
diagomil of a p.'irallclogram, in the fame time that it 
would deferibe the Tides by thofe forces apart. 

t. Hence is explained the compofition of any one 
direct force out of any two oblique ones, viz, by mak- 
ing the two oblique forces the Tides of a parallelo- 
gram, and the diagonal the direct one. 

3 . The quantity of motion, which is colle<5tcd by 
tating the Aim of the motions directed towards the 
Tame parts, and the difference of thofe that are dire 6 :cd 
to contrary parts, fuffers no change from the action 
of'bodies among thcrtvfelvea; becauTe the motion which 
one body lofes, is communicated to another. 

^ 4^ The common, centw of gravity of two or more 

bodies does not alter its ftate of motion or reft by the 
actions of the bodies among themfclves ; and therefore- 
the common centre of gravity of all bodies, a^ing 
upon each other, (exclu£ng external adiona and impe- 


diments) is eith^at reft, or moves uniformly in a nght 
line. ^ ‘ 

5. The motion^ of bodies included in a given fpace 
are the fame among themfelvcs, whether that fpace be 
at reft, or move uniformly forward in a right line with- 
out any circular motion. The truth of this is evident 
from the experiment of a (hip ; where all motions arc 
juft the fame, whether the fiiip be at reft, or proceed 
uniformly forward in a flraight line. 

6* If bodies, any how moved among thcmfelves, be 
urged in the dire 6 tion of parallel lines by equal acce- 
lerative forces, they will all continue to move among 
themfelvcs, after the fame manner as if they had not 
been urged by fucli forces. 

The inatheinailcal part of the Newtonian Philofophy 
depends chiefly on the following 1 cm ma^ ; tfpecially 
the firft ; containing the docirine of prime and ultimate 
ratios. 

JLem. I, Q^inntitics, and the ratios of quantities, 
which in any finite time converge continually to 
tqilalitj, and before the end of that time approach 
nearer the one to the other than by any given dlftcr- 
ence, become ultimately equal. 

^ I,.EM. 2 fhews, that in, a fpace bounded by two 
right lines and a cuive, if an infinite number of paial- 
lelqgrams be inferibed, all (,f equal breadth ; then the 
ultimate ratio of tlie curve fpaoc and the film of the pu- 
rallelogiams, will be a ratio of equality. 

Lkm, 3 Ihews, tliat the fame thing is true when the 
breadths of the parallelograms arc unequal. 

In the fuccccding lemmas it is fliewn, in like man- 
ner, that the ,ultimate ratios of the fine, chord, and 
tangent of arcs Infinitely diminiihed, arc ratios of equa- 
lity, and therefore that in all our rcafonings about 
thefe, wc may fafely ufc the one for the other : — that 
the ultimate form- of evanefeent iricioglts, made by the 
arc, chord, or tangent, is that of fimilitnde, and their 
ultimate ratio is that of equality ; and hence, in n a- 
fonings about ultimate ratios, thek triangles may fafely 
be u led one for another, whether ihcy arc made with 
the fine, the arc, or the tangent.- — He then demon llratcs 
fome properties of the ordinates of curvilhiear figures ; 
and fhews that the fpaccs which a body deferibes by any 
finite force urging it, whether That force is determined 
and immutable, or continually varied, are to each 
other, in the very beginning of the motion, in the du- 
plicate ratio of the forccis i — and lalljy, having added 
lome demonftrations concerning the evancfccncc of an- 
gles of contd(5l, he procccdrXo lay down the mathema- 
tical part of hisTyftem, which depends on the folio w- 
ingtlicorcms. 

^''heok. I. The areas which revolving bodies de- 
scribe by radii drawn to an immoveable centre of force, 
lie in the fame immoveable planes, and are proportional 
to the times in which they are deferibed. — To , this 
prop, are annexed fevend coiolferies, refpedring the velo- 
cities of bodies revolving by centrfpet^ forces, the di- 
reftions and proportions of thofe forces, &c ; fuch as, 
that the vekicky cyf fuch a revolving body, is recipro- 
cally as the perpendicular let fall from the centre of 
force upon the line toucliing the otbit in the place of 
the body, &c. 

T»*or. av Every body that moves in any curve 

IIac 
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Kne dcfwM in ft plane, and^ by a radius drawn to a 
point eithc!^ iijimoveablc or moving forward with an uni- 
form rt bilinear motion, defcribfft about that point areas 
propoitional to thft*;lime8, is urged by a centripetal 
force direded to tliftt point.-— With corollaries relatinig 
to fuch motions in- refifting mediums, and to the di- 
redion of the forces when the areas are not pioportlon- 
al to the times. 

Theor. Every body that, by a radius drawn to 
the centre of another body,, any^ how moved, deferibes 
areas about that centre proportional to the times, is 
urged by a force compounded of the centripetal forces 
tending to that other body, and of the whole accelera- 
tive force by which that other body is impelled. — With 
fcvvralcoioilaiies. 

'rHEOR, 4. The centripetal forces of bodies, wlrich 
by viiiuil iJiotions dTcriae dlffeient circles, tend to the 
ft lUr js of the fitiOC circles ; and arc one to the other as 
the ftj'raiviof tlie ,ircs deferibed in equal times, applied 
t« tliciadii of the circles. — With many corollaries, relat- 
ing ro the velocities, times, periodic fmccs, 6cc. And, In 
loi.tdiun], tl^c author farther adds, Moreover, by means 
of the foregoing propofitlon and its corollaries, we may 
the proiKUtion of a centripetal force to any 
f'tlier known force, fuch as that of gravity. For if a 
body by mcani) of its gmvity revolve in a circle, con- 
ci’ tnc to the earth, tliis gravity is tlie centripetal force 
ot that body. But fioin the defeent of heavy bodies, 
the tinio of one entire revolution, as well as the arc de- 
f-tihui in any given time, is given by a enrol, to this 
p oj). And by fuch piopofitions, Mr. Huygens, in his 
• Melhut book De Horologio OfclUacorio, luis coni- 
(•aied the force of gravity with the centrifugal forces of 
jLVolving bodies. 

Ontlu fe, and fuch-like principles, depends the New- 
tonian Mathematical Philofophy. The author farther 
(hews lu)w to find the centre to which the forces im- 
paling any body are dire^led, having the velocity of the 
body gi\e!] ; and iinds that the centrifugal force is al- 
as the vt'ifcd line of the nafeent arc dire^fly, and 
cs the f(junre of the time inverfcly ; or diredlly as the 
fquaic of the velocity, and inverfely as the chord of the 
luilcciit arc. From thefe premifes, be deduces the me- 
thod of finding the ccntiipetal force diic<fled to any 
given poinuwnen the body revolves in a circle; and 
this whether the central point be near hand, or at im- 
menfe dillauce ; fo that all the lines drawn from it may 
be taken for parallels. And he (hews the fame thing 
with regard to bodies revolving in fpirals, cllipfcs, hy- 
perbolas, or parabolas. Fie fhew's alfo, having the fi- 
gincs of the orbits given, how to find the velocities and 
moving powers ; and indeed rcfolvcs all the moll diffi* 
cult problems relating to the celeftial bodies with a fur- 
prifing degree of matfiematical Ikill. Thefe problems 
^nd dcmonllrations arc all contained in the firll book of 
the Piincipia : but an account of them here would nei- 
ther be ™erqlly underftood, noreafily comprized in the 
limits 0? this work. 

In the fecondbook, Newton treats of the properties 
and motion of fitiids, and their powers of refiftance, 
with the motion of bodies through fuch refilling mc- 
dmms, thofe refiftances being in the ratio of any powers 
of the velocities ; and the motions being either made in 
right lines or curves, or vibrating Ske pendulums. 


And here he dcmonllraies iucli principles as cntiicly 
overthrow the doctrine of Dcs Cartes’s vortices, which 
was the fafliionablc fyiUin in his time ; .concluding the 
book with thefo words: “ Hofhat the hypolhdis of 
voftiecs is utterly irrcconcilcable with ail ronoiulcal phe- 
nomena, and rather fervts to perplex than expliiln lUr 
heavenly motions. Ylvw thefe motions are j)erfoniRd 
in free ipacca without vuitices, may be under(U>od by 
the firll book ; and I fhall now' more fully treat of it 
in the follow’ing book Of the Sjilcni of the World.” — 
In this fecund Dook he nukes great ufc of the do£lriiic 
of Fluxions, then lately invented ; for wdiicli purpofe 
he lays down the pilnclples of that dodtiuc in the 2d 
lyjinma, in thefe words : “ The moment of any Ge- 
nu um is equ il to the moments of each of the generating 
Tides draw’ll into llic indices of the powers of tliofe fidcs, 
and Into their coelficients continually which rule he 
dcmonlirates, and then adds the following fcliolium 
concerning the invention of that dodlrine : ** In a letter 
of mine, lays he, to Mr. J. Collins, dated December 
10, 1672, having deferibed a method of tangents,, 
which I fufpeded to he the fame with Slufius’s nut bod, 
which at that time was not made public ; I fubjoiued 
thefe W'ouVi : ‘ This is one paiticular, or rarber a 
corollary, of a general method wdiich extends iifilf, 
without any troubkfome calculation, not only lo tlu* 
thawing of tangents to any Curve lines, whether gco- 
rne'tricdl or mtchanical, or any liow’ refpeding ligfit 
lines or other curves, but alfo to the rcfolving otiur 
abftrafer kinds of problems ^bouL the curvature, area.?, 
lengths, centres of gravity of curves, Sic ; nor Is it 
(as Fludden’s method de Maxiinis Si Minimiis) limitvd 
to equations which are free from fund quantities. 
This method I have interwoven with that otinr 
of working in equations, by reducing them to infinite 
feries.^ So far that letter. And thefe latl words re* 
late to a Trcqtife 1 compofed on that fubjevif in the 
year 1671.” Which, at loaft, is therefore the date tif 
the invention of thedo6liine of Fluxions, 

On entering upon the 3d book of the Principia, 
New'ton briefly recapitulates the c<>ntent8 of tlie two- 
former books in thefe words: In the preceding 

hooks I have laid down the principles of pliilolophy ; 
principles not philofophical, but inaUiematical ; .fuch, 
to wit, as we may build our reafonings upon in philo- 
fophical tntjuirics. Thefe principles are, the laws and 
conditions of certain motions, and powers or force.s, 
whicli chiefly have refpeft to philofophyk But lefl 
tlicy Ihould have appeared of themfelves dry and bar- 
ren, I have illiiftrated them here and there with forre 
philofi^pbical fcholiums, giving an account of fuch 
things, as are of a more general nature, and which phi- 
lofophy feems chiefly to be founded on ; fuch as the 
denfity and the refiftance of bodies, fpaces void of all 
matter, and the motion of light and founds. It re- 
mains, he adds, that from the fame principles I now 
demonllratc the frame of the fyftem of the world. 
Upon this fubje^i I had indeed compofed the 3d ' 
book in a popular method, that it might be read by 
ma^y. But afterwards confidering that fuch as had 
not fuflflciently entered into the principles could not ■ 
eafily difeern the ftrength of the confequcnces, nor lay 
afidc the prejudices to which they had been many years ■> 
accuftomed ; therefore to prevent the difputes whicli 

might . 
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might be raifeil upon fuch accounti, I chofe to reduce 
the fubflance of that book into the'foitn of propofi- 
t jon«) in the mathematical way, which fhould be read 
by thofc only, who had firft made themfelvcs mafterj) of 
the principles c It ablilhcd in the prccedingbooks.'* 

An a ncccflary preliminary to this part, Newton 
lays down the following rules for reasoning in natiirar 
philofophy : 

I. We are to admit no morccaufesof natuial things, 
than fuch as are both true and fufBcicnt to explain their 
natural appearances. 

3. Therefore to the fame natural e/rc<?l8 wc muft al- 
ways aflign, as far as poifible, the fame caufes. , 

3. The qualities of bodu’s which admit neither inten- 
fion nor rcrniiTion of dv.^gree8, and which arc found to 
belong to all bodies within the reach of our experi. 
ments, arc to be eileemed the uuiverf.il qualities of all 
bodies whatfoever. 

4. In experimental philofophy, wc are to look upon 
propofitions collc£ied by general induAion from pheno- 
mena, as accurately or very nearly ti ue, notwitlilland- 
ing any contrary hypothefes that may be imagined, 
till fuch time as other phenomena occur, by which 
they may cither be made more accurate, or liable to ex- 
ceptions. 

The phenomena firft confidered are, ‘i. That the fa- 
tcllitcs of Jupiter, by radii drawn to his centre, dc- 
feribe areas proportional to the times of defeription ; 
and that their penodic times, the fixed ftara being at 
reft, are in the fcfquiplicate ratio of their diftancea 
from that centre. 2. The fume thing is likewife ob- 
ferved of the phenomena of Saturn. 3. The five pri- 
maiy planets, Mercury,- Venus, Mars, Jupiter, and Sa • 
turn, with their fcveral orbits, encompafs the fun. 
4, The fixed ftars being fuppofed at ‘reft, the periodic 
times of the faid five primary planets, and of the earth, 
about the fun, arc in the lelquiplicate proportion of 
their mean diftancea from the fun. 5, The primary 
planets, by radii drawn to the earth, dtfenbe areas no 
ways proportional to the times : but the areas which 
they deferibe by radii drawn to the fun are proportion- 
al to the times of defer iption, 6. The moon, by a ra- 
dius drawn to the centre of the earth, deferibes an area 
proportional to the time of defenption. All which 
phenomena are clearly evinced by ailronomical obfer* 
vations. The mathematical dcmonftrttions arc next 
applied hy Newton in the following prbjofitionti. 

Prop. (. The forces by which the fatellites of Ju- 
piter are continually drawn off from , n^ilincnr mo- 
tions, and retained in their proper orl^'s, 'tend to the 
centre of that planet ; ana are reciproettty the 
fqiiarcs of the diftauccs of thofc fatcllitei fn>m that 
centre. 

Prop, 2. The fame thing is true of the primary 
planets, with refpe^l to the fun's centre. 

Prop. 3. The fame thing is alfo true of the moon, 
in refpeCl of the carth^s centre. 

Prop. 4. 'lire moon gravitates towards the earth; 
and by the force of gravity Is contiiurally drawn off 
frOm a Vedtnincar motion, and retained in her or- 
bit. 

Prop. 5. The fame thing is true of all the other 
planets, both primary and fecondary,each with refpeA 
^ the centre of its motion. 


Paop. 6. All bodies gravitate to>vards every planet | 
and the weights t>f bodies towards any one and the fame 
planet, at equal' diftaiices froiq its centre, arc propor- 
tional to the auantrties of matter they Contain. 

Prop. 7. There is a power of gravity tending to' all 
bodies, proportional to the fevcral quantities of matter 
which' they contain. 

Prop. 8. In two fpheres mutually gravitating each 
towards the other, if the matter in places on all fidcs, 
round about and cquidiilant from the centres, be fimi^ 
lar; the weight of cither fphere towards the other, will 
be reciprocally as the fquare of the dillancc between 
their ccntics. — Hence are compared together the 
weiglits of bodies towards different planets: hence 
alfo are difeovered the quantities of matter in the feve- 
ral planets : and hence likewife arc found the denfitits 
of the planets. 

Prop. 9. The force of gravity, in parts down- 
wards from the furface of the planets towards their 
centres, decreafes nearly in the proportion of the dif- 
tances from thofe centres. 

Tliefc, and many other propofitions and corollaries, 
are proved or illullratcd by a great variety of experi- 
ments, in all the great points of phyfical aftronomy ; 
fuch as, That the motions of the phnets in the heavens 
may fubfift an exceeding long time; — That the centre 
of the fyftcm of the w'orldis immoveahlo; — -That the 
common centre of gravity of the earth, the fun, and 
all the planets, , jpimoveable ; — That the fun is agi- 
tated by a perpctbal i^otion, but never recedes far 
from the common centre of gravity of all the pla- 
nets i * — ^Tliat the planets move in tllinfes which have 
their common focus in the centre of the fun; and, by 
raqii drawn to that centre, they defet ibe areas propor- 
tional to the times of defeription: — I'he aphelions and 
nodes of the orbits of the planets are fixt To find 
the aphelions, eccentricities, and principal diameters of 
the orbits of the planet© :— That the diurnal motibns 
of the planets are uniform, and that the libration of the 
moon arifes from her diurnal motion : — Of the propor- 
tion between the axes of the planets and the diameters 
perpendicular to thofc axes; — Of the wights gf bodies 
m the different regions of our earth :-^That the equi- 
noi^Iial points go backwards, and that the earth’s axis, 
by a nutation in every annual revolution, twice vibrates 
towards the ecliptic, and as often returns to its former 
pofitioq : — I’hat all the motions of the moon, and all 
the inequalities of thofe motions, follow from the 
principlcB above laid down -Of the unequal motions 
of the fatellites of Jupiter and Saturn : — Of the flux 
and reflux of the fra, us arifing from the adfions of the 
fun and moon ; — Of the forces vvith which the fun dif- 
tuibs the motions of the moon ; of the various motions 
of the moon, of her orbit, varation, inclinations of 
her orbit, and the frvcral jmotions of her nodes Of 
the tides, wdth the forces of the fun and moon to pro- 
duce them : — Of the figure of the moon’s body : — Of 
the prect ifion of tlic equinoxes : — And of the motions 
and trajedlorv of com^. The great author then 
concludes wlin a General Soholhim, oqntaining reflec- 
tionson the. principal parts of themreat and beautiful 
fyftcm of the univcHe, and of the ioftnitei eternal 
Creator and Governor of it. 

The hypothefis of vortkes, (ays he, h prefted 

with 
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With many difficultlej, . ^lat ^vcry planet by a radius ^vity, fali on each other mutually, he hath placed 
di-awn to the fun nwy tKicribc ^rcas proportional to tnofe fyftcms at immenfc dillances one from ano- 
the times of defcrtjit«Wl, the periodic times of the fe- ther.*/ 

>'<.1*31 parts of the voHiccs fhotild ohferve the duplicate Then* after a truly pious and phtlcdbphical dcfcant 
pi’oportion of their diftances from the fun. But that oii th^? attributes of the Beinp^ wlio could give exiitcnce 
the periodic titnes, of the jjlanttts may obtain the fefqni- and continuance to fucli prodigious mcchanifm, and 
plicate propoition of their diftances from the fun, the with fo much beautiful order and regularity, the great 
jHi iodic times of the parts of the vortex ought to be in author proceeds, 

the ftlquiplicate proportion of their dillances. That “ Hitherto we have explained the plicnonien.i of 
the finaller vortices may maintain their IclTer revolutions the heavens and of our fea, by the power of grav iiy, 
ahunt Saturn, Jupiter, and othir planets, and fwim but have not yet afiigned the c:i life of this power. 'Tins 
quietly and lUKlillnrbed in the greater vortex of the is certain, that it mull proceed from a caufe that p^me- 
Ihu, the periodic times of the paits of the fan\s vortex tratis to the very centres of tlie fun and planets, \vith- 
ihould be equal. But the rotation of the fun and pla- out fiilfeiing the leail diminution of its force; that 
nets about their axes, wliich ought to correfpond with opeiates, not according to the quantity of the furfaces 
the motions of their vortices, recede far fiom all tlielc ot the partlchs upon which ads, (as mcchanleal 
pvopoi lions. The motions of the comets arc exceeding caufes ufe to do,) but accordin^g to the quantity of the 
legular, are governed by the fame laws with the motions folid mattei wdiich they contain, and propagates iu 
1)1 the planits, and can by no means he accounted for virtue on all fidcs, to immeufe dillances, decrcuiing al* 
by the liypothefis of vortices. For comets are carried ways in the duplicate proportion of the dillances. Grn- 
with very eccentric motions through ah pa^is of the . vitation towards the fun, is made up out of the graAri 
Inavens indifFereiitly, w'ith a fi*eedom that is incompa- tations towards the fev.M-al particles of which the body 
tihle with the notion of a vortex. of the fun is compofed ; and in receding from the fun, 

“ Bodies, projeded in our air, fuffer no rcdllancc but decrcafes accurately in tlic duplicate pri)purtion of tlic 
from the air. Withdraw'’ the air, as is done in Mr. dillances, -as fur as llic- orb of Saturn, as evidently ap-' 
B(tyle*s vacuum, and the refi fiance ceafes. For in this pears from the quiefcence of the ojihelions of the pla- 
void a hit of fine down and a pie€e of folid gold dc- nets ; nay, and even to the remoteft aphelions of the 
fi end with equal velocity, itnd the parity of reafon. comets, if thofe aphelions are alfo quieieeiit. But hi- 
miiil take place in the celeftial fpaccs Hbo\e the earth's thuto I have not been able to jifeover Uie caufe of 
atmofpliere ; in which fpaces, where there is no air to thofe properties of gravity from phenomena, and I 
lefill tlieir motions, all bodi||‘ ’will move with the frame no hypothefes. For whatever is not deduced 
gteatdl freedom ; and the planetft and comets will con- from the phenomena, is to be called an hypothefis ; and 
llantly purfue their revolutions in orbits given in kind hypothefes, whether metaphyllcal or phyfical, whether 
and polition, according to the laws above explained, of occult qualities or mechanical, have no place in ex- 
Bui though thefe bodies may indeed perfcverc in their pcrimcutal philofophy. In tin’s pliilofophy particular 
orbits by the mere laws^of gravity, yet they could by propofitions areinferied from the phenomena, and af- 
no means have at firft derived the regular polition of the terwards rendered general by induftion. Thus it was 
mbits tliemfclves from thofe laws. that the impenetrability, the mobility, and the impul- 

“ The fix primary planets arc revolved about the fun, five force of bodies, and the laws of motion and of 
in circles concentric with the fun, and with motions di- gravitation, were jjifeovered. And to us it i« enough, 
rcdlcd towards the fame parts, and alinoft in the fame thatgiavity does really cxill, and adl according to the 
plane. Ten moons are revolved about the earth, Ju- laws which wc have explained, and abundantly fervei 
piter and Saturn, in circles concentric with them, with to, account for all the motions of the cclcllial bodies, 
the fame dlrcAion of motion, and nearly In the planes and of our fea. 

ot the orbits of*thofc planets. Butjtis not to be con- “ And now we might add fomething concerning a 
ceivtd that mere mc(manical cau(f s could give birth certain moll fubtlc fpirit, which pervades and lies hid in 
to fo many regular motions ; fince the comets range all grofs bodies, by the force and adion of which fpx- 
over all parts of the heavens, in very eccentric orbits, rit, the particles of bodies mutually attrad one ano- 
lor by tluit kind of motion they pafs eafily through the ther at near diftances, and cohere, if contiguous, and 
orbs of the planets, and with great rapidity ; and in elcdric bodies operate to greater diftances, us well rc- 
tiieir aphelions, where they move the fiovvcll, and are pelling as attrading the neighbouring coipufcles; and 
detained the longeft, they recede to the greateft dif* light Ss emitted, refleded, refraded, inllcdcd, and 
tances from each other, a^td thence fuffer the leaft dif- heats bodies ; and all fenfation is excited, and the mcir«- 
turbance from their mutual, attradions. This moft bers of animal bodies mo^ at the command of tlie 
beautiful fyftcm of the ftm, planets, and comets, could will, namely, by the vibrations of this fpirit, mutuallv 
only proceed frpm the counrel and dominion of an in- propagated along the folid filaments of the nerves, fromi 
telhgent and TOwerful Being. • And if the fixed liars arc the outward organs of fenfe to the train, and from the 
the centres of other like fyftcms, thefe being formed by brain into tlic mufcles. But thefe are things that can- 
thc like wife counfel, mud Ik all fubjed to the dominion not be explained m few words, nor are wc -furniftied 
of one ; cfpccially,iiiicc the light the fixed liars is of with that fufficiency of experiments yrhich lire- 
Came nature witii the light of the fun, and from quired to an accurate determination and dcmonftratioii 
fyfUm ligJ 4 paffes into all the other fyftcms, of the laws by which this clediic and claftic fpirit <ope- 
And left the fyfte’m of the fixed ftarsfhouM, bj-thrir ratw" * ' 

Voull. Y NICHE., 
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NICHE, a cavity, or follow part, In the iTiIcrcnefs 
of a wall, to place a ng\irc or (latnein. 

NICOLE (Francis), a very cf^lehratcd French 
malhcinatlclan, was born at Pans December the 23d, 
1683, Fiis early attachment to the mathematics in- 
duced M. Montmort to take tiic charueof Ms edu- 
cation : and he opened out to him the way to the lilgher 
jreomctiy. He jh II became publicly rt tnarkable by de- 
t dating the fallacy of a pretended quadrature of the 
circle. Thih quadrature a M. Mathulon lo afTuredly 
thouglit he had dlfcovcicd,' that he depofited, in the 
bau<*s of u public notaiy at Lyoiir., tlie fuin of 30(^0 ji- 
vrcK, to be paid toany perfon who, in the judgment of 
the Academy of Sciencts, fhould demonflrate the fal- 
fity of iuG folutlon. M. Nicole, piqued at this chal- 
lenge, undeitook the ta/lt, and expoling the paralo- 
giOn, the Academy’s judgment was, that Nicole had 
plainly proved that the redtilineal figure which Mathu- 
Ion h ul given as equal to the circle, was not only un- 
equal to it, but that it was even greater than the poly 
gon of 32 Tides circumfcribcd about the circle. — The. 
prize of 3poo livres, Nicole prefented to the public 
nolj^italof l^yon?. 

The Acidcmy named Nicole, Eleve-Mechnnician, 
^farch 12, 1707; Adjnndf in 171^), Alfociate in 
1718, and Peniioner In 1724 ; which ho cmitinucd till 
bis deatlq wliich happened the iSth of January i7>8, 
at 75 years of age. 

nis worJes were all inferted in the different volumes 
of the Memoirs of the Academy of Sciences ; and arc 
as follow ; 

I, A Genera! Method for determining the Nature 
of Curves foimed bj’’ the Rolling of other Curves upon 
any Given Curve ; in the volume for the year 170-;. 

i, A General Method for RcCMfying all Rouletsupon 
Kiglit and Circular Bafes ; i ,08. 

General Method of determining the Nature of 
tliofc Curves which cut an InTmity of other Curves 
given in Pofitlon, cutting them always in a Conflant 
Angle j 1715. 

4. Solution of a Problem propofed by M. de Lag- 
ny j 17 j6. ^ 

3. Treatifc of the Calculus of Finite Differencl’s ; 

.... 

6, Second Part of the Calculus of Finite Difler- 
ences; 1723. 

7. Second Scdlion of ditto; 1723. 

0. Addition to the two foreg'oing papers ; 1724. 

9. New Piopofitioii in Elementary Geometry; 
> 72 >* 

10. New^ Solution of a Problem propofed to the 
Engllfl> Matliematicians, by the late M. Leibnitz ; 
1725. 

II. Method of Summing an Infinity of New Se^ 
rica, which are not fummable by any other known me- 
thod ; 1727. 

1 1. Treatifeof the Lines of the Third Order, or the 
Curves of tjic Second Kind ; J729« 

13. Examination and Refolution of fome Quefllons 
relating to Play ; 1730. 

14. Method of deicrmlning the Chances at Play, 

15. Obrcrvatlons upon the Conic Sections ;.i 72 it 

16. Manner of generating in a Solid Body, all the 
Xinw.of the Third Order ; 1731. 


17. -Manner, of determirung tlic Nature of koUlets 
forihed upon the Cdrtvqx Surface of a -Sphere ; ^ind of 
determining which are Geometric, and which are Rec- 
tiiiaoict 1732, 

1 8. ^Iiition of a Problem in Geometry ; 1 732. 

19. The XJfe of 'Scries in rcfolving many Problems in 
the Inverfe Method of Tangents ; 1737. 

20. Obfervations on the Irreducible Cafe in Cubic 
Equations; 1738. 

2 1. Obfervations upon Cubic Equations ; I 73 ®» 

22. On the Trire6\ion of dn Angle ; 1740, 

23. On the Irreducible Cafe in Cubic Equations ; 

24. Addition to ditto ; 1743. 

25. His Lall Paper upon tliefame ; 1744. 

26. Determination, by Jncommenfurables and Deci- 
mals, the Values of the Sides and Areas of the Seritb in 
a Double IVogreflion of Regular Polygons, inlcribed in 
and circumferibed about a Circle ; 1747. 

NIEUWENTYT (Bernard), an eminent Dutch 
philofophcr and mathematician, was born on the loth 
of Auguft 1654, at Weftgraafdyk in North Hol- 
land, where his father was miniller. He difeovered 
very early a good genius and a ftiong Inclination for 
learning ; wliieh was carefully imprbved by a fuitablc 
education. He hadalfo that prudence and fagacity, which 
led him to purfiie liler#ture by furc and proper Heps, 
acquiring' a kind ofmallery in one feienee before lie pro- 
ceeded to another. His father had dcfigncd him for 
the minidry ; Init feeing his inclination did not lie that 
way, he pvndeutly left hint to put fue the bent of hi^ 
genius. Accordingly ybUng Nleuwentyt apprehend- 
ing that nothing was mofe uteful than fixing his imagi- 
nation and forming his judgment well, applied himfclf 
early to logic, and the art of reafonfng jultly, in which 
he grounded himfelf upon the principles of Des Cartes, 
with whole philofophy he greatly delighted. From 
thence he proceeded lU'the mathematics, in which he 
made a confide rable proficiency ; thdugh the applica- 
tion he gave to thkt branch of learning did not binder 
him from lludying both law and phyfic. In faft He 
fuccceded in all iwefe fciences fo well, as d'cfcrvcdfy to 
acquire the chara<fter of a ghod pbllofdphcr,“1a great 
mathematician, an expert phyfician, and an able and 
jull magi (Irate. • 

Although he w^s naturally of a grave and ferbiis dif- 
pofiiion, yet he was vtiy affable^ and agreeable in^con- 
verfation. His engaging manner procured the affe^tidn 
ofevery one ; and by this mearis be often ilfew Uv^r to 
his opinion thofe wRu before differed very Widely from 
him. Thus accomplifhcd, he Acquired a gr«t eficem 
and credit in the council of the town of Piircmcrehdt, 
where he refided ; as h^ did alfo fn the ilateS oF thht 
province, who refpe^cd him the more, inafmljch ks he 
never engaged In any cabafe 6r feftidrti, inotder tofe- 
cure it ; regarding m hi* i^ndaft, an open, honcll, up- 
right behaviour, us the bell fouyee 5 f mttfkftion, and 
iclying folcly on hjs merit* In fatft, he Vils tndre at- 
tentive to cnltivatfe the fchifices, than eajgcr to Obtain 
'the honours of the ^verhmeht ; cOntentiUj^: Hftiiftlf 
with being* counfeltor and wfthcrtit eburt- 

big or accepting any bAcr pofts. Which 
fere with his Huuies, ahd draw 'bfhftod raiichout pfhis 
library.— Nieuwentyt died the 7th of May >736^ 76 
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years of age— batiug been twice mavried— He was au- 

tlioT nf fcvcra) worksi iu the I^^atin, French, and Dutch 
I ijj.^oages, t!) J |r,Iiicipal of which are the following: 

• ?. A 'rrcatife in Dutch, proyhi^ the ExJIruce cf 
Go:l hy the Wonfkrs of Nature ; a much d work, 

and throi ;;h many editions. It was trnnflatcdalfo 
into hmguagcs, as the French, and tiie Fnglilh, 

under the tiilc of, The Rel/^hus Philofopher, 

2. A Kefutation of iapinoza, in the Dutch lan- 

giiagc. 

/hujh;p^ Ivfinhnrnm\ 1695,410. 

4. C<jnfuhrat‘iQOcs fcrMndfi riren Calculi Di fere tibialis 
Pi'hirjp:^ *, 1696, 8vo. — In this work he atUcdvcd Lcib' 
nil/, and was aiifvvercd by John Lcrnoulli and James 
Herman. 

A Treatife on the New Ufe of the 'Fables of 
Sines and Tangents. 

6. A Letter to Bothnia or Burmanla, upon the Sub- 
jeA of Meteors. 

NKjI I'F, tliat part of the natural day, during wliich 
the fun Is he low the horizon ; though Tometimes it is 
undaOood that the twilight is refeired to the day, or 
time the fnn Is above the horizon ; the repiainder only 
being the Night. 

Under llie equator, the Nights, in tlic former fenfe^ 
arc always equal t;o the days ; each being 1 2 hours long. 
But uuchr the poles, the NigJjt continues lialf a year. 
— The aiicieut Gauls and Germans divided their lime 
not by days, but Nights ; as appears from Cmfar ?md 
Tacitus; alio the Arabs and the Icelanders do the 
hmic. The fame may alfo' be obferved of our S^xon 
ancertois ; whence our citftom of faying, Sevennight, 
Foil night, &c. 

NOCTILUCA, a fpecies of phofphorus, fo called 
hccaiife it fliines in the night, without any light being 
till own on it ; fuch is the phofphorus made of urine. 
By which it Hands dilUnguifhcd from feme other fpccics 
of phofphorus, which require to be expofed to the fun- 
Ix.ims before they will fliine ; as the Bononian-ftone, See, 
—Mr. Boyle has a particular Treatife on this fub- 
jcA. 

NOCTURNAL Archj is the arch of a circle , de- 
fciibcd by the fun, or a ftar, in the night. 

Nocturnal, or Nocturlabium, denotes an in- 
Urumcnt, chiefly iifedat fea, totake tlie altitude or dc- 
prtillon of the pole ftar, and fqme other ftars about the 
pole, for finding the latitude, and the hpur of the 
night. ' ' 

There are feveral kinds of this Inftrument ; feme of 
'^hivh are projections of the fphere ; fuch as the , he- 
mifphcies, or planifpheres, on the plane of the equinoc- 
tial 'Fhe feamcn commonjy ufc two kinds j the one 
adapted to the pole fti^rand tl^e firft of tbe guards of the 
kittle Bear j the other to the pole ftar and the pointers 
of the G» eat Bear. 

Ihe NoAumal conftfti of two circular plates (fig. K, 
pb xiuA applied oyer cacji other. The greater, whicri 
lias a liandle to hold tire inftruincnt, is about zl.iucjies 
diameter, and is divided into 12 parts, anfwcnngto the 
‘2 months j alfo, each noputh faDdivjded into every 5th 
day ; and in fuch mianuer, that the middle of the handle 
correfpondg. to tJ»t pf the v^ar in lyhjch the ftar 
haa the lame tight afcenfion wfth the fun. 

'^'heu the inftruj^^tj^p^Ud fpr two the han- 
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die is made moveablj. The tipper circle is divirlei) in. 
to 24 equal part'i, foi the 74 houw of the day, and eaili 
hour fubdivided into qiiarlers, as iu the figure. Tlude 
24. bom's arc noted l\y 24 teeth ; to be told in the night. 
In the centre of the two circular plates is adjiilled a 
long index A, moveable upon the upper plate. And 
the three piices, aI/, the two eiules and index, arc 
joined by a ri\et Avlii'di is pleiccd tiuough the centre, 
with a hole 2 inches in diaiueier, for the ftar to be ob- 
ferved tbrongh. 

Ta tJje //'f Nocri’RN M,. Turn tbc upper plate 
till the longcll tooth, marked 1 2, be againft the day of 
the month on the uoder plate ; and bringing the in- 
ftrument near the eye, fiifpenJ it by the handle, with 
the plane neaily parallel to the eqninoAial ; then view- 
ing the pole-ftar through the hole in the centre, turn 
the index about till, by the edge coming from the cen- 
tre, you fee the bright ftar or guard of tlic Little Bear, 
if the infliument be fitted to that ftar: then that tooth 
of the Upper circle, under the t dgf of the index, is at 
the hour of the night on the edge of the liour-circle : 
Avhieh may be known without a pight, by counting the 
teeth from the longcft, which is for the hour of 12. 

NODATED Hyperbola^ one, fo called by Newton, 
which by turnir.g round deculTates or erofles Itfelf : aS 
in tlic 2d, and Icveral other fpceit;s, of his Enumeialio 
Llncanuh Tertii Ordiiiis. 

NODES, the two oppofite points where the orbit 
of a planet interfcAs the ecliptic. That, where the 
planet afeends from the fouth to the north fide of the 
ecliptic, is called the Afcending Node, or the Dragon's 
Head, and maiked thus : and the oppofite point, 
where the planet dtfctnds from the north to the fouth 
fide of the ecliptic, is called the Defccnding Node, or 
Di-agoiFs Tail, and -is thus marked Alfo the 
right line drawn from the one Node tt) the other, ii 
called the Line of the Nodes. 

By obfervation it appears th at , i n all the planet 8, the Lin e 
of the Nodescontinuaily changes its place, its mot ion being 
in antecedeniia ; i. e. contrary to tlic order of the figns^ 
or from call to weft; with a peculiar degree of motion 
for each planet. Thus, by a retrograde motion, the line 
of the moon's nodes completes its circuit in 18 years 
and 22 5^'da^^8, in which time the Node returns again to 
the fame point of the ecliptic. Newton has not only 
ftiewn, that ibis motion arifes from the a£Iion of tlie 
fun, but, from its caiife, he has with great flcill calcu-. 
latcd all rh^ clerncnis and varieties in ilus motion. See 
his Princip. lib. 3, prop. 30, 3 1 , Ac. 

The moonjniifl? pe in' or near one of the Nodes to 
makcau ecliplc either of the fun or moon. 

NO^USj or Nodty in dialling, denotes a point or Iiolc 
in the gnomon'ufa <lial,A)y tile ftiadow or light of which 
fs Ihewn, , cither - hour A>f the day in dials without 
furniture, or the parallelb of the futi's declination, and 
his place ip thi ‘ecliptic, &c, in dials with furni- 
ture. 

NOLLET (the Abbe John Anthony), a confi. 
fteiable French phijofophtr, arrd a mcmbcr’of moll of 
the phitofophicol fpcietits and academies of Europe, was 
lipin at Fitnpf^, iii the diftriA of Noyon, iKc 19th of 
November 1760. From the ptofound retreat, in which 
the medioenTy of his fortune obliged him td live, hia- 
reputation continually increafed from day to day. 

T2 M.Dufky 
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Af. Dufay affhclittcd him in Lis EJcflrlcal RcTcarchc^ 
and M. (it KtauDiur to him Jabojuroiy. Ii 

Kafi under tlicfc maltas that he dcvcIofc.d his t.iJcnts, 
M. Dufay took him along with him in a journey he 
nvule Kn^^Iand ; and Nollot proiitcd fo v/cll i‘f ;his 
opportunity, to inlh'tute a fritiully and Iiltiiiry cor- 
n rpondcncc with luine of the moil cclcbraitd incii in 
this country. ^ ... 

The kin^' of Sardinia jrave him an invitation to 1 n- 
rin, to perform a courfc of experimental phi’ofophy to 
the duke of Savoy. From thence he travelled into 
Italy, where lie colle^lcd foinc good obftrvations con- 
cerning the natural hlilory of the country. 

In France he wan mailer of philoiophy and natural 
h Itory to the royal family ; and pioftifor royal of ex- 
perimental philofophy to the college of Navarre, and 
to the fehools of ai tillery aiul cngineei s. The Acade- 
my tjf Sciences appointed him a<^un(fl-meehanician in 
1739, alfociate in 1742, and pennoner in 1757* Nol- 
Ict died the 24th of April 1770, regretted by all his 
friends, but cfpccially by his relations, whom he always 
fuccoured with an alFe<^lionatc attention. The works 
publifhed by Nollct, are the following : 

1. ReciiciU de Lcttrea fur PEledricit^j 1753, 3 
vols in 1 2 mo. 

2. Eifai fur rElearicitc des Corps ; i vol. in 

i2mo. , . j Til 

3. Rechcrchcs fur Ics Caufes particulicres des Phe- 

iioineiics Elcdriques ; i vol. in i2mo. 

4. L'Art des Experiences ; 1770, 3 vols in l2mo. 

Ilis papers printed in the different volumes of the 

Memoirs of the Academy of Sciences, arc much too 
numerous to be particularized here ; they are inferted 
in all ormoft of the volumes from the year 174*^ the 
year 1767 inclufivc, moffly fcvcral papers m each vo- 
lume. 

NONAGESIMAL, or Nonagesimal 
called alfo the Mid-hcaven, is the higheft point, or 
^Oth degree of the ecliptic, reckoned from its interfcc- 
tion with the horizon at any time ; and its altitude is 
equal to the angle that the ecliptic makes with the ho- 
rizon at their intcrfc£lIon, or equal to the diilance of 
the zenith from the* pole of the ecliptic. It is much 
ufed in the calculation of folar cclipfes. 

NONAGON, a Hgurc having nine Tides and angles. 
.—In a regular Nonagon, or that whofc angles, and 
'fides, are all equal, if each fide be i, its area will be 
6*1818242 = {of the tangent of 70®, to tlie radius 
I. See my Menfuration, p. 114, 

NONES, in the Roman Calendar, the 5th day of 
the months January, February, April, June, Auguit, 
September, November, and December ; and the 7th 
of the other months March, May, July, and 061 obcr: 
thefe lail four months having 6 days before the Nones, 
and the others only four.— They had this name proba- 
bly, becaufe they were always 9 days inclufivcly, from 
the firll of the Nones to the Ides, i. c. reckoning in- 
clufivcly both thofe days. 

NONIUS, or Nunez (Petfr], a very eminent 
Portuguefe mathematician and phylicism, was bom in 
1497, at Alcazar in Portu^l, anciently a remarkable 
city, known by the name of Salacia, from whence he 
was furnamed Salacicufis. He was pvofcffor of mathe- 
matics in the vi^iivcriUy of Coimbra, where lie publiihed 


; fome pieces which procured him gi^t irputation.. He 
t was mathematical preceptor to' Don Henry, fon to 
king Emanuel of roitiigal, and principal cofinogra- 
pher to the king. Nonius was very fervjceabie to the 
defigns, which this court entertained of carrying on 
their maritime expeditions into the Eaft, by the publi- 
cation of his book 0/ the Art of Nav/gatiofiy and va- 
rious other works. He died in 1577, at 80 years 
of age. 

Nonius was the autlior of feveral ingenious works 
and inventions, andjultly cftccmed one of the inoft emi- 
nent mathematicians of his age. Concerning his Art 
of Kav'mUiotty father Dcchalcs fays, ** In the year 
1530, Peter Nonius, a celebrated Portuguefe mathe- 
matician, upon occafion of fome doubts propofed to 
him by Martinus Alphonfus Sofa, wrote a Preatife on 
Navigation, divided into tw’o books ; in the firlt, he 
anfwers fome of thofe doubts, and explains the nature 
of Loxodrolnic lines. In the fecond book, he treats- 
of rules and inftruments proper for navigation, particu- 
larly fea-cliarts, and iiiffruments ferving to find the ele- 
vation of the pole; but fays he is rather obfeure in his 
manner of writing.*^— Furctiere, in his Diftionarv, 
takes notice that Peter Nonius was the firll who, in 
1530, invented the angles which the Loxodromic 
curves make with each meridian, calling them in his 
language Rhumbs, and which he calculated by fphe- 
ried triangles. — Stevinus acknowledges, that Peter No- 
nius was fcarce inferior to the very bdl mathematiciians 
of the age. And Schottus fays, he explained a great 
many problems, and particularly the mechanical pro- 
blem of Arillotle on the motion of veffcls by oars. His 
Notes upon Purbach’s Theory of the Planets, are very 
much to be cltecmed : he thci'c explains fevcial things, 
which had either not been noticed before, or not rightly 
underftood. 

In J542 he publiihed a Treatifc on the Twilight, 
wdiich he dedicated to John the 3d, king of Portugal j 
to which he added what Alhazen, an Arabian author, 
has compofed on the fame fubje^l. In this work he 
deferibes the method or inilrument called, from him, ;i 
Nonius, a particular account of which fee in the fol- 
lowing article. — He corrected feveral mathematical 
miftakes of Orontius Finseus.— But the moll celebrated 
of all his works, or that at Icaft he appeared moll to 
value, w’as his Treatife of Algebra^ which he had com- 
pofed in Portuguefe, but tranllated it into the Callilian 
tongue, when he rcfolvcd upon making it public, 
which he thought would render his book more ufeful, 
as this language was more generally known than the 
Portuguefe. The dedication, to his former pupil, 
prince Henry, was dated from Lilboii, Dec. I, 1564. 
This work contaius 341 pages in the Antwerp edition 
of 1567, in 8 VO. 

The catalogue of his ifvorkd, chiefly in Latin, is as 
follows ; 

1. De Arte Ncivigandi^ libri duo ; 1530. 

2. De CrepufeuiU ; 1542. 

. 3. Annotatiofus in Artfiotelem, 

4. Probleina Mechanicum de Motu Navigii ex Re<* 
mis. 

5. Annotationes in Planetarum Theorias Gcoigii 
Purbachii, dec. 

6. Librode Algebra cnArithmcticayCcomctra; 1564. 

Nonius, 
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Ko»ius» *5 ^ iMUiw alfo erroneouny given to the me- 
thod of graduation now generally ufedm the divifion of 
the *cal<^s of varioui inllrumcDts, and which fhould be 
ciillcd Vernier, from its real inventor. Tlie.method of 
Nonius, fo called from its inventor Pedro Nunez, or 
Nonius, and defcHbed in his treatife De Cvepufculis, 
printed at Lifbon in 1542, conhits in defciibing within 
the fame q^uadraiit, 45 concentric circles, dividing the 
outciinoll into 90 equal parts, the next within into 89, 
the next into 88, and fo on, till the inncrmoll was divided 
into 46 only. By this means, in mod obfervalions, 
llie plumb-line or index mull crofs one or other of thofc 
circles in or very near a point of divifion ; whence by 
calculation the degrees and minutes of the arch might 
calily be obtained. This method is alfo deferibed by 
Nnnez, in his treatife De Arte ct Ratlone Navigandi, 
lib. 2, cap. 6, where he Imagines it was not unknown 
to Ptoloiny. But as the degrees arc thus divided un- 
equally, and it is very difficult to attain exadnefs in 
the divifion, efpecially when the numbers, into which 
the arches are to be divided, are incompofite, of which 
theie arc no lefs than nine, the method of diagonals, 
firft publilhtd by Thomas DIgges, Kfq. in his treatife 
AliC feu Scalx Mutheinatiex, piintcd at Lend, in 
1573, aud faidtobc invented by one Richard Chanfe- 
ler, a very Ikilful artlft, was fubftituted in its Head. 
However, Nonius’s method was improved at difTerent 
times ; but the admirable disifion now lo much in life, 
is the moll conliderable improvement of it. S^c Vi x- 
SIliR. 

NORMAL, is ufed fomelimcb for a perpendicu- 
lar. 

KOR'ITI Sitiry callcJ alfo the Pole«fiar, is the lull 
ill the tail of the Little Bear. 

Nor rutRN are thofc fix that are in the 1101 th 

liile of tlie cejuator ; viz, Aries, Taurus, Gemini, 
Caneo*, l.eo, Virgo. 

NORTHING, In Navigation, Is the difference 
of huluidc, which a lliip makes in failing north- 
wards, 

NOSTRADAMUS (Michel), an able phyfician 
and ctlebratcd allrologer, was boin at St. Rcmy in 
Piovencc in the diocese of Avignon, December 14, 
i 5 c:v His father was 'a notary public, and his grand- 
father a phyfician, from whom he received fonic tinc- 
ture of the mathematics. He afterwards completed his 
courfes of languages and philiofopliy at Avignon. From 
hence, going to Montpelier, he there applied himfelf to 
phyfic ; but being forced away by the pi igue, he tra- 
velled through different places till he came to Bour- 
dcaux, undertaking all fuch patients as were willing to 
put themfelvea under his care. This courfc occupied 
him five years ; after which he returned to Montpelier, 
and was created doAor of his faculty in 1529; after 
vyhich he revifited the fame places wnerc he had prac- 
tifed phyfic before. At A gen fie formed an ac<juaint- 
ance with Julius Caefar Scaliger, and man ied his firft 
wife ; but having buried her, and two children which 
ihc brought him, he quitted Agen after a rcfidence of 
about four years. He fixed next at Mai Lilies; but, 
his friends haviqg provided an advantageous match for 
him at Salon, he repaired thither about the year 15441 
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and married accord! igly Ills fecond wife, by wliom he 
had fevcral children. 

In 1546, Aix being aftll^flcd with the plague, lie 
went thithci at the folicitaiion of the inhabitants, to 
whom lie rendered great kivicc, particularly bjr a pow- 
der of his own invention: fo that the town, m grati- 
tude, gave him a confiderable penfionfor f^veral years 
after the contagion ccafed. In 1547 the city of Lyons, 
b^ingvifiitd with the fame ^iftcinper, had rccouifc to 
our j»liyfician, who attended them alfo. AftetwaiJs 
returning to Salon, he began a more retired courfc of 
life, and in this time of lellurc applied himfelf clofely to 
his Ihidies. He had for a long time followed the trade 
of a conjurer oocafionally ; and now he began to fancy 
himfelf infpiied, and miraculoufly illuminated with a 
profpe^l into futurity. As fall as tUefe illuminatioui 
had difeovered to him any future event, he entered il in 
w'liting, in fimple profc, though in enigmatical Ln- 
tences ; but reviling them afterwards, he thought llic 
fcntenccs would appear more icfpedlable, and favour 
more of a prophetic fpirit, if tliey were expi tiled in 
verfe. Tins opinion determined him to throw tliem all 
into quatrains, and he afterward ranged them into ecu- 
turics. For feme time he could not venture to pnblilli 
a work of this natuic ; but afterwards perceiving that 
tlie time of many events foretold in his quatrains w'as 
very near at hand, he refolved to print them, as he did, 
with a dedication addrcifcd to his fon Coefar, an infant 
only fome months old, and ilatcd Marcli i, 1555. To 
this firll edition, which comprifes but feveu centuries, 
he prefixed his name in Latin, but gave to his fon 
Cxfar the name us it is pronounced in Fieneh, Notra- 
dame. 

The public were divided in their fentiments of thiiS 
w^ork : many looked upon the author as a limjde vi- 
fionaiy; by others he was accufed of majp'c or the 
black art, and treate d as an impious peifou who held a 
commerce with the devil ; while great numbers belitvtd 
him to bt really endued with the fu]>crnatinal gift oi 
prophecy. How'cvcr, Homy the 2d, ami queen C'. it lui- 
riiie of Medieis, his motlur, were refolved to Lt our 
prophet, who icctiving ciders to that ell’edl, he pre- 
lently repaired to Fai is. He was very graeioully re- 
ceived at court, and received a piifentot 2eOcrovv:is. 
He was fent afterwards to Blois, to vilit the king^o 
children there, and report what he fliould be able to 
difeover concerning their dcltinica. Jt is not known 
w'hat his fentence was; hov^’cver he returned to balon 
loaded with Ironour, and good jmefLiils. 

Animated with this fuoccis, lie augmented his work 
to the number of looot quatrains, hud publilhtd it witli 
a dedication to the king in That prince dying 

the next year of a wound which he received at a tour- 
nament, our prophet’s book was immediately con- 
foked ; and this unfortunate event was found in the 
3,111 quatrain of the firft century, which runs thus in 
the London edition of 1672 : 

Lc Lion jcuncle vieux furmontcra, 

En champ bellique, par fingulier duclle, 

Dana cage d’or Ftcil il lui crevera, 

Deux playcs une, puis mourir mort cruclh. 

In‘ 



N O T 


[ ,66 ] NUM 


In Engliflj tluipj from i)ic ftjnie tclin'O) : 

Tlic young Lion iLall ovcrooinc the oKl one, 

Jn mnrt/.'J fidJ hy d liiigL duel, 

Jn a frohhn cage* he /ha// put out I'fV eye, 

7'w(» iv<jundf> /j oin one, t/icn lie ihnil die a cruel ocath. 

So rem:irkal>/c a p*‘cdii^idn added new wiii/rs to /us 
/4rne ; sinl he v/ns Iiononred Toon alter with a vilk from 
/{.iiaoiicl duk. 0/ Swoy, and the priocefs Margaret oT 
l-r i KC, his fO'iToit. h'rom f/m ^time Noitrada.rnua 
ionnd Wmielf cvni (iverhui doited with vilitors, and liis 
jsme made tveiy tliy new acii'idjilons. Charles the 
<;Th, eon’iinji to Salon, wat. eager above all things to have 
a iijdit of },im : NoKradainin:, who then was in watting 
.!•! one ()l the retinue of the mngdliatth, hciiig iidlantiy 
prefuitedto tlie king, t omjJidnul ot the little ctteeni 
hit; fount ly men had hir him ; ii|K,n wldeh the monarch 
pnhHely duxlared th i' he li mild hold the enemies of 
I^ofliidannis to he his cnemus, andslefired to fee his 
Jiildien. Nor did that pnn<c*H favour Hop licre ; in 
naniiig, not long after, thiougk the city of Arles, he 
lent for Nodradamus,' and prefented him with apuife of 
200 crtrwns, tijgcther with a Ijrevct, conllituLiug him 
his phyfician in ordinary, with the fame app<nnimciit as 
the relL But our piophet enjoyed thtfe honours only a 
(hort time, ns he died 16 months after, viz, July 2, 
15^6, at Salon, being then in his grand climat^cric, or 
63d year. — He had piihlt/lied fe vet aUthcr pieces, chiefly 

relating to medlciuo. 

He left three fons and three daughters. ^ Ctefar the 
elded fon was born at Salon in 1 ^55, and died in 1629: 
he left a inanufcript, giving an account of the molt re- 
markable events in the hiltory of Provemce, from 1080 
to 1494, in which he inferted the lives of the poets of 
that country, TKcfe memoirs falling Into the hands 
of his ticphcw Ciefar Noltradamus, gentleman to the 
duke of 6uife, he undertook to complete the work ; 
and being encouraged by the cllatec of the country, 
he carried the account up to the Celtic pauls: the im- 
prefllon was finilhed at JLyons in 1614, and publilhcd 
under the title ofChroniquc dr PHilloircde Provence. 
— 'fhe fecond fon, John, exercifed with reputation tlie 
t ifmefs of a pi odor in the parliament of Provence.— 
hie wrote the Lives of the Ancient Provencal Poets, 
cjlkd Troubadours, and the work was printed at Lyons 
hi 15751 Bvo.— The yoiingell fon it is faid undertook 
tlie trade of peeping into futurity after liis father. 

NO TATiON, is the reprefenting of numbers, or any 
other quantities, by Notes, charader^ or marks. 

'Phe choice of arithmetical, and o|||rf chaiaders, is 
arbitnvy ; and hence they are varioue in various na- 
tions ; the figures o, i, 2, 3, &c, in common ufe, are 
derived from the Arabs and Indians, from whom tliey 
Imve their iiamo, and the Notation by them, which 
fornurtbe decimal or decuple fcalc, is perhaps the moft 
convenient of any for . arithmetical computations, ’ 

The Greeks, Hebrews, aial other eaftern nations, as 
alfo the Romans, exprefled numbers by the lettcis of 
their common alphabot* See .Charactrr, 

In Algebra, the qiiaatities are rcprefcnted moftly by 
tba letters of the alphabet, j and that as early as 
the time .of Diophantiis, See Algebra. 

notes, in Mufic, arc chara^^ert which mark the 
tODtSf i. c. the elevations and fallings of the voice, or 
« 4 


found, and the fwiftnefe or flownefs of Itjt '^o^ioT?, 
*&e; and thefe have undergone various and 

improvements, before they arrived at their prrfcnt fta).c 
of peifei.b’on. , 

NOVliMIJLRi the eleventh monfh in the Julian 
year, but the ninth in iKf year of Romulus, beginning 
with iVf jrch ; whence its iiome. In this month, which 
contains 30 days, the fun enters the fign ^ , viz, MfuaJly 
about tlie 2 ill day of tlic month. 

NUCLEUS, the kernel, is ufed by Heveliu?, pud 
foine other alltonoincrs, foi the body of a comet, which 
others call its head, as dilliuguilheil from its tali, or 

beat d. . r V 

Nucli'Us is alfo ufed by fame writers for tpe cen- 
tral parts of the caith, and niKer planets, which they 
fuppole firmer, and as it wore le|)iwvted from tlwem, 
confidcrcd as a coi ttx or flicll, 

NUEL, the fame asNtwbL of^ Staircafc. 

NUMBER, a coUcaio.n or affeWdage of feyoisd 
units, or leveral things of the fame kuidj as 2, 3, . 4 > 
See, exdufive of the number 1 : which j? JEupIid’s de- 
finkion of Nuaiber.— Stevinus defines Number ^is list 
by which the quantity of anythingas 
ably to which Newton conceives a Number to confiH, 
not ill a multitude of units, as Euclid doiiues it, but in 
the abftrad: ratio of a quantity of any kind tp anoUiCr 
quantity of the fame kind, vsdueli is accounted as unity: 
and in this lenfe, including all thefe thiee fpecics of 
Number, viz^ Integers, Fradtions, and Surds. 

Wolflus defines Number to be fomething wdiich re- 
fers to unity, as one right line refers to another. Thus, 
afluming a right line for unity, a Number may Hkewife 
be- exprefled by a right line. And in this wjiy alfo 
Des Cnitcs confiders numbers as exprefled by lines, 
where he treats of the aiith metical operations as per- 
formed by lines, in the beginning of his Geometry. 

/or tiff tnaenrr vf charadcrtzlng NuMBKRS,’fec Noi- 
TATiON. And 

For reading and Numbers in combination, 

fee Numeration. 

Mathematicians confider Number under a great many 
ciicuinlUnccs, and different relations, accidents, &c. 

Numbers, jihjoktey Ahjlnit}^ Mmulanty Amicahlt^ 
Apphciiie^ Binary, Cardinal, Cheuiar, Compofite, Goit- 
er de, Defitiive, Fratlwnui, Homogeneal, Irrntkmil or 
Surd, Linear or Mist, Ordinal, Polygonal, Prime, Pyra- 
midal, Raiionai, Similar, iSjc, fee the rclpcdtivc adjcc- 
tives. 

Broken Numbers, or Fradlions, are certain pacts of 
unity, or of fome other Number. 

Number, is thcprodudlof a fqnare Number 
multiplied by its root, or the continual produdl of a 
Number twice multiplied by itfelf; 
as the Numbers - - 8, 27, 64, 125, &c, 

which are the cubes of - i, 2, 3, 4, S» 

This ferics of the aibes of ^he ordinal Numbers, 
be railed by addition only, viz, adding alvvays the dif- 
ferences ; as was firtl fhewn by Pektarius, at the end 
of his Algebra, firll printed in 15^8, where he pves a 
table of the fquares and Cubes of the firft 140 num- 
bers. Sec Cube. 

Every 'Cubic Number whqfe root Islefs 3hin -6, via, 
the Cubic Numbers 4, 8 , 27, b 4 t »*5i beiog divided by 
6, the remainder is the root itfelf : • 

Thus, 
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iTink, 

I = oj ! ? = j* J V-4h loj •; ‘J.5 ttJOj; 
vhcretlie rcinainders, or the numerators of thcfitiaU 
fia^jons, are o, i, 2,3, 4> 5, the fame as the roots 
of the Cubes o, i, 8, 27, 64, 125. ^ After thefe, the 
next 11 K Cubic Numbers being divided by 6, the rc- 
niaindtrs will be refpe£iively the fame arithmetical 
ferief, viz - • • o, 3, 4, 

to each of uhich adding gives 6, 7^ 8, 9, 10, ii, 
foi the routs of the next fix cubes 216, 343, &c. 

Then, again dividing the next fet of fix Cubic 
Numbers, viz, ' - - ^ 17^8, 2197, l:c, 


by 6, the remainders are again 1 
tlie fame feiies, viz, J 


O, I, 2, 3, 4 » 


to each of which adding 12, gives 12, 13, 14^ i^, 16, i', 
for the roots of the fa:d next fix cubes. And fo on in 
infinitum, the feries of remainders o, i, 2, 3, 4, 9, con- 
tinually lecurring, and to each fet of thefe remaindcis 
the relpc6tive Numbers o, 6, 12, 18, 24, ^c, being 
added, the fimis will be the whole feries of roots, 
o, 1, 2, 3,4, 5, 6, &c. 

M. dc la Hiic, from confideiing this property of the 
Number 6, with legaid to Cubic Numbers, found that 
all other Numbers, 1 ailed to any power wlratever, had 
each their divifor, which had the fame effefiwlth regard 
to them, that* 6 has with regaid to Cubes. And the 
gcikinl rule he has dileo\(icd is this : if the exponent 
ol the power of a mimhci be even, i. e. if that number 
1.1 rnifed to the 2d, 4ih, 6th. &c power, it mull be di- 
\uLd by 2, tlien the remainder added to 2,. or to a 
1 uihiplc of 2, gives the root of the Number correfpond- 
I'lg to its power, i. c. the 2d, or 4th, &c, root. But if 
the exponent of the power of the Number be uneven, 
VIZ the ^d, 51b, 7th, ^c power, tl\e double of that ex- 
ponent fhall be the divifor, which Iball have the pro* 
pert) here required, 

y! Dclfrmivdte Number, is that which is referred to 
foiiK gi\cn iinit ; as a tcrnai7 or tliree. 

An Even Number, is that which may be divided 
into two equal parts, wnthout remainder or fra£lion, as 
the Numbers 2, 4, 6, 8, lo, <Stc. — The fums, dilFtrcnccs, 
uroducls, and powers of Even Numbers, arc alfo Even 
NumheiR. 

An EiKnJy-Even Number, is fuch as being divided 
by an even Number, the quotient is alfo an Even Num- 
l)cr without a remaiuder ; as 16, which divided by 8 
gives 2 for the quotient. 

An Unevenly- Even Number, is fuch as being divided 
by an Even Number, the quotient is an Uneven one ; as 
20, which divided by^f, grres ^ for the quotient. 

Fi^urate or Figural Numbe^is, are certain ranks of 
Numhers found by adding together full a rank of units, 
which is the firft order, which gives the 2d order; 
then thefe added give the 3d order; and foon. Hence, 
the fevcral orders of Figuratc Numbei*8, ate as follow ; 


Firfl order 
2d order 
3d order 
4th order 
Sth order . 


1 . I . I . 1 . I . &c. 

I , 2 . 3 . 4 . 5 • 

I • 3 . 6 . 10, 15. &c. 

I . 4 . 10. 20. 35. Ac. 

1.5. J 5 - 3 S- 7 «>- 


•f 


The litft ofthr all of equal?, and the 2d order 

^hc natural arithmetical prt)grcflk>n ; the 3d order 


k aUb called triangular Numbers, the 4tli order pyra- 
midals, &c. 

Sre FiGURATF Numbers^ 

Heterogeneal Numbers, are fuch as arc referred to 
diiferent units. As three men and 4 trees. 

Number s,aix: fuch as are referred to the 
fame unit. As 3 men and 4 men. 

ImperfeH Numbers, are thofe whofc aliquot parts 
added together, make either more or lefs than tlic 
whole of the number itfelf ; and arc dillinguifhcd. into 
Abundant and Dcfe6h‘ve. 

/wi/r/rrm/Viri/'r Number, is that which is refemd to 
unity in thegenenil ; wliich is what wc call Quantity. 

IrroUnual or Surd Numbi k, U one that is not corn- 
menfurablc with unity ; as or ^^4, Ac 

Perfef} Number, lh:it which is full equal to the fiim 
of its aliquot parts, aikled together. i\s, 0, 28, : 

for the aliquot puns of 6 arc r, 2, 3, whole luni Is 
the fame 6 ; and the aliquot parts of 28, are 
1, 2,4,7, H» whofe fum is 28. Sec Perfect Kuvil\t\ 

Plane Number, that which arifes from the inuhi- 
plication of tw^o other Niiinbei-s; fo 6 is a j-l me or 
re6langlc, whofe tw'o luies aie 2 and 3, for 2x3 = 0. 

.Sytti/rr Number, is a Number produced by multipU • 
ing any given Niiihber by itfelf ; as the 
Square Numbers • - i, 4, 9, t 6, 2;, Ac, 

produced from the roots - 1,2,3, ‘I’ 

Every Square Number added to its root makes an 
even Number. SeeSi^uAUF. 

Uneven Number, or ( 7 i/r/NuMB'i:R,t]iat whichdiiTcrs 
from an even Number by one, or which (nnnut l)C drill- 
ed into two equal integer parts ; Inch ns t, 3, 5, 7, Ac. 
The fums and dilTerences of Uneven Numbers arc even ;• 
but all tlic produdls and powers of them are Unevc i 
Numbers, On the other Hand, tlie fam or difTerentc of 
an even and Uneven Number are both Uneven, but their 
produ^l is (iven. 

H^hole Number, or Integer^ is unit, or a coll e6l Ion 
of units. 

Golden Number, Sec Golden E umber and 
Cycle. 

Number of Direblhn^ in Ch.ronoloj^y, fomc one of 
the 35 Numbers between the Fader limits, nr between 
the earlied and latcft day on which it can fall, i. t, be- 
tween March 22 and April 23, which are 33 days; 
being fo called, becaufe it ferves as ii Diieiition for 
finding Eatter for any year ; being indeed the Number 
that exprefles how many days after March 21, Faltcr- 
day falls. ll|||||||||j£a iter- day falling as in the firll line 
below, the Direction will be as on the lower 

line : 

l^atch April 

Eafter-day, 22,23,24,25,26,27, 28,29,30,31, r,2,&c. 
N^ofDir. I, 2, 3. 4, 5, 6, 7, 8, 9, 10, 11,12, 
and fo on, till the Number of Diredlion on the lower 
line be 3^, which will anfwcr to April 25, being the 
lateft that Ealter can happen. Therefore add 21 to- 
the Number of Direflion, and the fum will be fo many 
days in March for the Ealler-dav : if the fum exceed 
31, the cxcefs wdllbctheday of ApriL 

T 7 find /Ac N u M B B R of Direaiott. Bntcf the follow- 
ing table (which is adapted to the New Stvie), with 
the Dominical Letter on the left han^, aod toe Golden 
Number at the top, then where the columns meet is 

^ the 



num [ 

the No»b*r of Diieftfon for that year. See Fergu- 
fbn*$ Ailron. pa. 3B1, ed. 8vo, 



Numbers arc ufually cxprcfTcd by the ten following 
ebavaders, 1,2, 3,4* 7, 8, 9, and o ; thefirft nine 

denoting refpedively the lirfl nine ordinal numbers; 
mid the lafl, or cipher 0, joined to any of the otbeis, 
denotes fo many tens. In like manner, two ciplicrs 
joined to any one of tlie firft nine fignificant figiires, 
make it become fo many Imndreds, three ciphers make 
it thoufands, and fo on. 

WeigcliiiB indeed fliews how to number, without 
going beyond a anaternary ; i. c, by beginning to re- 
peat/at each fonitli. And Leibnitz and Dc Lagny, in 
what they call their binaiy arithmetic, begin to repeat 


i6S ] ¥UM 

at every 2cl place ; ullng only the two fijgtJtca i and 0. 
But thefe ate rather matters of ouriofity thait/ahy real 

ufe. .- /< r 

That the nine fignificant figures may exprefj not 

only units, but alfo tens, hundreds, thouihnds, See, they 
liavc a local value given them, as hinted above; fo 
that, tliough when alone, or in the right-hand place, 
they denote only units or ones, yet in the 2d place they 
denote tens, in the 3d place hundreds, in the 4th place 
thoijfands, &c ; as the number 555,' is live thoufand 
five hundred fifty and five. 

lienee then, to exprefs any written number, oraffigri 
the proper value to Vath charaat^r ; beginning at the 
right hand, divide the propofed number Into clalfes, of 
tlirce chara 61 ers to each clafs ; and confider two clafici* 
as making up a period of fix figures or places. Then 
every period, of fix figiiics, has a name common to all the 
figures in it ; the lirR being primes or units ; the 2d is 
millions; the 3d. is millions-of-millions, or billion?; the 
4th is milllons-of-millions-of-millii ns or trillions ; and i<» 
on ; alfo every clafs, or hair-period, of three figurcb, ii 
read feparatelyby itfelfjromanyhnndreds, tens, and unirs; 
only, after the left-liaiid half of each period, the word 
thonfands is added ; and at the end of the 2d, 3d» 4^^^ 
period, its common name millions, billk ns, Sic, is cx- 
prclfed. 

Thus the number 4,591, is 4 thoiifand 5 hundred 
and 91. 

The number 210,463, is 2 hundred and to thou- 
fands, and 463, 

The number 281,427,307, is 28 1 millions, 427 
thonfands, and 307, 

NUMERATOR, of a Fraaion, is the number 
which fhews how many of thole parts, which tin; inte- 
ger is fuppofed to be divided into, aie denoted by the 
fradlion. And, in the notation the Numerator is let 
over the denominator, or number that (hews into how 
many parts the integer is divided, in the fraction. So, 
cx, gr. J denotes three-fourths, or 3 parts^ out of 4 ; 
where 3 is the numerator, and 4 the deiiominr.tor. 

NUMERICAL, Numerous, or Numeral^ fome- 
thing that relates to number. 

Numeral /tlgchra, is that which makes ufe of 
numbers, in contradilHndtion from literal .algebra, or 
that in which the letters of the alphabet arc uled. 


o. 
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O BELISK, a kind of Quadrangular pyramid, very 
tall and Iknder, railed at an ornament in feme 
, pub^ place, or to ferve as a memorial of fome remark- 
aUk trtmfadion. 


OBJ 

OBJECT, fomething prefented to the mind, by 
fenfetion, or by imagination. Or fomething that affcHs 
us by its prefence, that affe^^s the eye, cai, or fomc 
other of the organs of fenfe. 

* The 
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The object! of the cycfor vifion, tre pointed oOitlie 
retina } though th«c but inverted, accord- 
ing to the iawi of Optica. Thia ia eafily Aewn from 
Des Cartca's experiment^ of laying hare the vitreous hu* 
mour on the back part of tho^c, and putting over it 
a bit of white paper, or the ikin of an egg, and then 
placing the fofc part of the eye to the hole of a darkened 
n)oni. By this means there is obtained a pretty land- 
feape of the external obieds, painted invertedly r)n the 
back of the eye. In this cafe, how the Objeds thus 
painted inverte^y Ihould be feen cred, is matter of 

controverfy. ^ ^ . . « ' 

Object is alfo ufed for the fubjed, or matter of an 
ntt or fcience; being that about which it is employed 
0] concerned. ^ , 

OnjECT-C/a/z, of a tclefcopc or m'crofcopc, is the 
^lafs placed at the end of the tube which Is next or to- 
v\ni(ls the Objed to be viewed. 

To prove the goodnefs and regularity of an Objed- 
; on a papei deferibe two concentric circles, the 
one having its diameter the fame with the breadth of 
tlie Ohje&glafs, and the other half tliat diameter ; di. 
Mdethe finaller circumference into 6 equal parts, prick- 
ing tlie points of divUion through with a fine needle ; 
cover one fide of the glafs with this paper, and, cxpofuig 
it to the fun, receive the rays through tliefe 6 holes 
upon a plane ; then by moving the plane nearer to or 
fa-thcr horn the glafs, it will be found whether the fix 
Ki\s unite exadly together at any diftance from the 
• -l.ifs ; if they do, it is a proof of the legularity and juft 
form of the glafs ; and the faid diftance is alfo the focal 
u.flance of tlie glafs. 

A good way of proving the excellency of an Objed- 
glafs, is by placing it in a tube, and tiying it with 
iirnll cvc-glafles, at fcvcral dlftant objeds ; for that Ob- 
I ct glafs IS always the bell, which reprefents objeds 
j!ie bnghteft and moll dilllnd, and which bears the 
/u ntell aperture, and tbemoft convex and concave tyc- 
glallv.:, wivhout colouring orhazinefs. 

A circular Objed-glafs is faid to be truly centred, 
uhen the centre of its circumference falls exadly in the 
iivis of the glafs; and to be ill centred, when it falls 
n\it of the axis. 

'i’o prove whether Objcd-glaflea be well centred, 
hold the glafs at a due dillance from the eye, and ob- 
ferve the two refleded images of a candle, varying the 
oiRance till the two images unite, w’hich is the true 
centre point : then if this fall in the middle, or central 
point of the glafs, it is known to be truly centred. 

As Objed-glafTcs are commonly included in cells that 
ferevv upon the end of ijic tube of a telefcOpe, it may be 
proved whether they btc Well centred, by fixing the 
tube, and ohferving while the cell is unferewed, whether 
the crofs-hairs keep fixed upon the fame lines of an ob- 
jed feen through the tclcfcope. 

For various methods of finding the true centre of an 
Objcd-glaffi, fee Smith’s Optics, book 3, chap. 3 ; alfo 
the PhiTof, Tranf. vol 48^ pa^ 177. 

OBJECTIVE Lhiff in Perljpcdive, is any line drawn 
the geometrical plane, whole reprefentation is fought 
lor in a draugl|]it,or pidtn^. 

^ Obj tcTiv E Piontf inPerfoedive, ia any plane fituated 
m the horizontal pbrne, whow perfpedive reprefentatton 
i- required. 

OBLATE, flatted, OT Ihortencd j.as an Oblate fpbe- 
VoL. 11. 


toid> Ktring it! uii (hortec than t|t middle i • 

beings formed by the rotation of. an efiipfe about the 
fttorteraxit* ^ . 

OBLATENESS, of the eartii, the flatneft iboot 
the poles, or the dimiirntton of the polar axti iit refped 
of the equatorial. The ratio of tbefe two axet has 
been determined in various ways j fometimes by the 
meafures of different degrees of latitude, and fometimes* 
by the length of penduTiinu vibrating fcconds in differ- 
ent latitudes, &c ; the refults of all which, as well as 
accounts of the means of determining them, fee under 
the articles Earth and Deorse. To what is there 
faid, may be added the fdlowing, fyom An Account 
of the Experiments made in Kulfia concerning the 
I ength of a Pendulum which fwings Seconds, by Mr. 
Kraift, contained in the 6th and 7th volumes of the 
New Peterfliurgh ^''ranfa6lion3, for the ycai's 1 790 and 
1 793. Thefe experiments were made at different timefv 
and in various paits of the Rullian empire: Mr. KrafTt 
has collcdcd and compared them, with a view to invef- 
tigate the confcquenccs that may be deduced from them. 
From the whole he concludes, that the length p of a 
pendulum, which fwings fecoiuls in any pven latitude /, 
and in a temperature of 10 degrees of Reaumur’s thev- 
mometer, may be determined by the following equa- 
tion, in lines of a French foot: vi?, 

p =: 439* 1 78 -F 2*321 finc^/. 

This exprcifion agrees, very nearly, not onlv wuh all 
the experiments made on the pendulum in Rufila, but 
alfo with thofeof Mr. Giahara, and thofe of Mr. Lyotis 
in 79® 50' north latitude, wheie he found its length to 
be 441 *38 lines. ‘ ^ 

It alio flicu’S the augmentation of gravity from the 
equator to the paralkl of a given latitude / : for, 
putting p for the gravity under the equator, G fof that 
under the pole, and % for that under the latitude / ; 
Mr. Krafft finds z r= (i -f 0*0052848 fine*/) X g; 
ami confequcntly G = 1*0052848^^: 

From this proportion of Gravity under diffcient lati* 
tudes, Mr. Krafft deduces, that on the hypothefis of the 
earth’s being a homogeneous ellipfoid, its oblateiicfs muft 
be , inlicad of ,^,7, which ought to be the refiilt 
of this hypothefis : but oh adopting the fuppoiition that 
the earth Is a heterogeneous ellipfoid, he finds ils Oblate- 
nefs, as deduced fivin thefe experiments, to be ; 
which agrees wuth that refulting from the meafurement 
of degrees of the meridian. 

This confirms an obfervation of M. Dc la Place, that, 
if the hypoihefili^. the earth’s homogeneity be given 
up, then do theory, the meafurement of degrees of la- 
titude, and experiments with the pendulum, all agree 
in their rcfult with refpea to the Oblatencfs of the 

earth. ... r , 

OBLIQUE, aflaot, iudirca, or deviating from the 

perpendicular. As, 

Ojjliq3;e Jngk, one that is not a right angle, but is 
either greater or Icfs than this, being either obtufe or 
acute. 

Triangle^ t\aX wlwfc angles ire all 

oblique. * . , . , . * . . rv. , 

Oblioxte Afeenjitmt is that point of the eqmnoetial 
whkh rites with the centre of the fuu, or ftar, Or any 
other point of the heavens, in an Oblique fpherc. 
OALTQiJl CinU^ in ilic ftcreographic projc6bon, 
Z « 



<5 9^ t t;6 ^ 0 B S 


IS stfty tliat is Oblique to x^lt jjlane of projcc- 
dcn. ' 

Oblk^'B Dtfcttiftony that point of the cquinoftial 
which fcti with the centre the fun, or ftaf,or other 
pointt of the heavens in an Obliqne fphere. 

OntiiQOE Dire^oMj that which is not perpendicular 
to^a line or plane. 

OiLK^UE Foree^ or Percuflion, or Potu^r, or Stroke, 
k that made in a dirc< 5 iIon Oblique to a body or plane. 
It is elcmonftrated that the effta of fuch Oblique force 
^c, upon the body, is to an equal perpendicular one, 
as the fine of the anf^le of incidence iti to radius* 

Orlk^ue Linet that which makes an Oblique angle 
with fornc other line. 

Oblique PUnes, in Dialling, arc fuch as recline from 
the zenith, or incline towards the horizon. 

Oblique PfojeiFony is that where a body is projec- 
ted or impelled in a line of dtrcf^ion that makes an 
oblique angle with the horizontal line. 

Oblique ^aitin^s in Navigation, is that part which 
includes the application and calculation of Oblique- 
angled triangles. 

OULIQUR Spherty in Geography, is that in which the 
axis is Oblique to the horizon of a place. — In this 
fphere, the cquatoi and parallels of declination cut the 
horizon obliquely. And it is this obliquity that occa- 
llons the Inequality of days and nights, and the varia- 
tion of the feafons. Sec Spheal. 

OBt-.lQTJITY, that which denotes a thing Oblique. 

Obliqimtv c/’Mc Ecliptic y is the angle which the 
ecliptic makes with the equator. Sec Ecliptic. 

OBLONG, fometimes means any figure that it 
longer than it is broad ; but more properly it denotes a 
rectangle, or.ariglit'angicd parallelogram, whofe length 
exu’cdt its breadth* 

OBLONOtis alfo ufed for the quality or 'fpccics of 
a figure that it longer than It is broad : as an Oblong 
Ipheroid j formed by an elllp'c i evolved about Its longer 
or Iranfverfc axis; in coutradlflintfion from the obUte 
fpberoid, or that wdn’ch is flatted at its poles, being gc- 
lurattd by the revolution of the dlipfc about its con- 
jugate or dorter ax is. 

OBSCURA Camera* Sec Camera Qlffcura* 

Ohs CUR A Clam, Sec Clara Ohjlure, 

OBSERVATION, in Aftrohomy and Navigation, 
is the obferving with an inilrumvni forae cclcftiul phe- 
noTnenon ; as, tlic altitude of the fun, moon, or liars, 
or their dillances aftindcr, Acs But by this term the 
fcamcn commonly mean only the uking tlie meridian 
altitudes, in order to find the latitude* > And the Hndiug 
the latitude fiom fuch obfcived altitude, they call 
Qhfitrvatm* 

Observatory, a pWe delUncd for obferving 
the heavenly bodies j or n buildings ufually in form of a 
tower, erc<Bcd on feme eminence, and covered with a 
terrace, fox making allronomlcal obfervationa. 

Mod nations, ut almod all times, have had their 
obfervatories, cither public or private ones, and in va* 
lious degrees of perfediotu A deferiptioo of a great 
many of them may be feca in a diflertation of ^Weidier’s, 
{HprtalentiBp^ct^rum /^Hvonomicarvtm Statu, pnnted 
in in j^derent articks of bis HiRory of Af- 

tronomy, priated in 174T, viz,pa*S6 Ac ( as alfo in La 
landc’i Aitronomy, the preface pa* 34. The chief 
among thefc are the following ; 


I. ObfirrrStory, 

tpry of ^i^^Idnd* This \ras biiitt arid endotved in the 
year id^/by order of King Chai’leslhc id, at tfk in- 
ftance Orolr Tpoas iMoore, and Sir Chiilfoph^r^'V^rcn : 
the former of thtfe gentlemen being ’'Surveyor O^cral 
of the Ordnance, the office of Aftronomcr Royal yras 
placed under that department, in which it has conf inned 
ever fince. 

This obfen-'atory was at firft furnifhed with fctcral 
very accurate inllrumcnts ; paiticularly a ncUc fextaut 
of 7 feet radios, with tclcfcopic fights. And the f HI 
Aftronomcr Royal, or the perfon to whom the province 
of obferving was full committed, was Mr^ John Flam- 
fteed ; a man who, aS Dr. Halley exprelTes it, feemed 
born for the employment. During 1 4 years he watched 
the motions of the planets with unwearied diligence, 
cfpecially thofc of the moon, as was given him in 
charge ; that a new theory of that planet being found, 
fbewing all her Irregularities, the longitude might thence 
be determined. 

In the year 1690, having provided liimfelf with a 
*mural arch'of near 7 feet radius, made by his Affillant 
Mr. Abraham Sharp, and fixed in the plane of the me- 
ridian, he began to verify his catalogue of the fixed 
liars, which had hitherto depended altogether on the 
dillances meafured with the fcxtaiit, after a new and vei v ' 
different manner, viz, by taking the meridian altitudes, 
and the moments of culmination, or in other words the 
right afcenllon and declination. And he was fo well 
pleafcd with this in(lrument,that he difeontinued almoll 
entirely the ufe of the fextant. 

Thus, in the fpace of upwards of 40 ycars^ the Af- 
tronomcr Royal collcftcd an immenfe number of good 
obftrvations ; which may be found in his Hifloria 
Ccelellis Britannica, publiflicd in 1725; the principal 
part of which is llie Britannic catalogue of the fixed 
Bars. 

Mr. Flamftecd, on his death in 1719, vas fucceeded 
by Dr. Halley, and he by Dr.Bradley in 1742, and this 
laB by Mr. Blifs in 1762 ; but none of the ob^cr^^.- 
tknsof ihcfc gentlemen have yet been given to the pub- 
lic. 

On the dcmlfc of Mr. Blifs, in 1765-, he was fuc- . 
cceded by Dr. Nevil Malkclyne, the prefent worthy 
allronomer royal, whofe valuable obfervatlons have 
been publifhed, from time to lime, under the diredlon 
of the Royal Society, infevcral folio volumes. 

The Greenwich Obfervatory i« found, by very accu- 
rate obfervatlons, to lie in 28' 40" north latitude, 
as fettled by Dr. Mafkdync, from many of bis own 
obfervatlons, as well as thofc of Dr. Bradley. 

J 1. The Paris Obfervatory was built by Louis tho^ 
14th, in the fatixbourg St. Jaques, being begun in 
1664, and finifhed in 107a. , It is a fingular but r»ag- 
nlficent building, of 80 feet in height, with, a terrace 
at top ; and here M. Dc la Hire, M. Caifini,. the 
king’s aBronomers, have made their obfervatioi^ Its 
latitude is 48° 50' 1^' north, and its longitude 
^ 20^^ caft pf Greenwich Obfervatoryr 

In the Obfervatory of Paris is a cave, o^ pit|; 1,70 
feet deep, with fubterrancous paflfagestfor experunents 
that are to be. made out of the reach of the um, 
cially fuch as relate to congelations, refrigerations, ic. 

In this cave tlKre is an old thermometer of-M* k 
Hire, which Bands always at the fame height j therety 
2 (hewing 
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t^mpcratUiie of the place ffmaiiis al- 
ways the fame. From the top of the platform to tly? 
bottorriof tbr care is ^ perpendicular xtcU or pjt,ufed 
formerly for experiments the faH of bodies ; being 
alfo X kind of long tolefcopical tube, through which 

theftarsapc fcen atrtid.day. ' 

III. Tycho Bralre's Obfervatory was in the little 
ifland Ween, os- the Scarlet Ifland, between the coalU 
of Schonen and Zealand, in the Baltic fea. This Ob- 
fervatory was not well iltuatcd for fomc.kinds of obfer- 
vations, particularly the rifings and fettings as it lay 
too low, and was landlocked on all the points of the 
compafs except three ; and the land horizon being very 
jugged and uneven. 

IV. Pekin Obfervatory. Father Le Compte de- 
fciihesa very magnificent Obfervatory, cre£led and fur- 
niihccl by the late emperor of China, in his capital, at the 
Intercefiion of fome Jhefuit miflionaries, chiefly father 
Vcrblell, whom he appointed his chief obferver. The 
infirumenta here are exceeding large ; but the divifions 
are Icfs accurate, and in lome refpe^fa the contrivance 
is Icfs commodious than in thofe of the Europeans, 
'riic chief aic, an armillary zodiacal rphcrc, of 6 Pails 
feU dinmetCT, an azimuthal horizon 6 feet dinmeter, a 
large quadrant 6 feet radius, a fextant 8 feet radiusi and 
a tekllial globe 6 feet diameter. 

V. Biainins’ Obfervatory at Benares, in the Eaft 
Imiies, wliicli is Hill one of the principal feminarics of 
ilie Ciamins or prices of the original Gentoos of Hin- 
dollan. This Obfervatory at Benares it is fa’d was 
built about 2CO years fi nee, by order of the emperor 
Ackbar : for.as this wife prince endeavoured to im- 
piovc the arts, fo he wifhed alfo to recover the fcicnces 
of Hindofian, and therefore ordered that three fuch 
pl.iceb fhoiild be erefted ; one a,t Delhi, another at 
Agra, and the thii'dat Benares. 

\Vauting the ufe of optical glaffcs, to magnify very 
difiant or very fmall objt6ls, tliefc people dirc<$fcd their 
attention to tl:c Increafing the fize of their inilruinents, 
for obtaining the greater acciu-acy and number of the 
divifions and fubdivlfions in their inftruments. Accord- 
ingly, the Obfervatory contains fcvcral huge inflrumcnls, 
of (lone, very nicely eredled and divided, confiding of 
ukUs, columns, gnomons, dials, quudrauts, See, fome 
of them of 20 feet radius, the circle divided full into 
Sboiqual parts, and fometimes each of thefo into 20 
•ihcr ccjiial parts, each anfwcring to 3', and of about 
iwo-tcnibs of an inch in extent. And although thefe 
V'OnJerful indnimciits have been built upwards of 200 
)cais, the graduation* and divifions on tlic fcvcral arcs 
J>ppcur as well cut, and as accurately divided, as if they 
had been the performance of a modern artift. The ex- 
ecution, in- the co^ttniflipn of thefe inHrumeute, cxlii- 
bits an extraordinary mathematical cxaAnefs in the 
fixing, ’bearing fitting of the fcvcral parts, in the nc- 
•-ccfTdiy and fumcient luipporu to the very laigc Hones 
^nat (^mpofe them, in ihe joining and faftening 
thi m inio'each other oy means oi lead and iion, 

a farther defetiption, and drnv^ing, of this Ob- 
fuyaun-y, hy Sif l^obert B^feer, ki the Fhilofi Traiif. 

^orUSK one that is greater iUanaii^Ht-. 


Trtmgit, ii a thaf hifs dnt? of’ 

its angles Obtufe : and it cart have only one fuch. 

OttvSE 6W, or Our oitq whofe 
angle at the vertex, by a feclicm throtiglf the axis, is 
Obtufe. • ' 

Obtuse HypfHola^ one vvhofe afymptottfsTdnn aft 
Obtufe angle. 

ScRhn of a Cmty a name given -to 
the hyperbola by the ancient geometricians, becaiilc 
they confidered thisfctflion only in the Obtufe cone. 

OCCIDENT, or Occidfntai., weft, or wellwn^, 
in Aftronomy ; a planet is faidto be Occident, when it 
fets after the fun. 

Occident, in Geography, the weftward quarter of 
the horizon, or that part of the liorivon where tl.c 
ecliptic, or the fun’s place in it, defeende into the lowei 
hcmifphere. 

Occident Eqmno^ml^ that point of the horizon 
where the fun fets, when he erodes the cquinodtial, oi* 
enters the fign Aiies or Libra. 

Occident Efiva!^ that point of the horizon wherfc 
the fun fets at his entrance into the fign Cancer, or 
in our fiimmer when tlic da)S are longcft. , 

Occident Hyhnnaly that point of the horizon w here 
the fun fets at midwinter, when entering the figri 
Capricorn. 

OcciDiiNTAu Horizon, Sec Horizon. 

OCCULT, in Geometry, is iifed for u line that in 
fcarce perceivable, drawn with the point of the com- 
pafles, or a black-lead pencil. Occult or dry lines, aie 
iifed in feveral operations ; as the raifing of plans, dc- 
fjgns of building, pieces of pcrfpc6Bvc, kc. They 
are to be effaced or rubbed out when the work is li- 
niflied. 

OCCULT ATION, the obfeuvation, or hiding from 
our fight, any Aar or planet, by the intcrpofition of the 
body of the moon, or of fome other planet. — The Oc- 
cultation of a Aar by the moon, if obferv'ed in a plice 
w'hofe latitude and longitude are well determined, may 
be applied to the corrc'6lion of tlid lunar tables ; but if 
obferved in a place whofe latitude only is well kiioWn, 
may be applied to the determiningthe longitude of the 
place. 

Circle of Pcrpdunl Occultation. SecCiRcr.r. 

OCEAN, the vail Coileiflion of fait and navig.ddq 
water, which ciicompaA'cs molt paits of the earth? 

By compulation iL ap}Kais that the Ocean takes up 
confidci-ahly nuirc of what wc know of the tcrrelliial 
globe, than the dry laud docs. This is perhaps rafied 
known, by taking a good m;ip of the won-id, and with a 
pair of feiflars clipping out all the water from the land, 
and weighing the two pans feparatcly ; by which 
means it has been found, that the water occupies about 
two-thirds of the whole fui-face of the globe* 

The great andunivcrfal Oteaii U fomeiimca, by gUo- 
grapheis, divided into llnee pints. As, ift, the Atliin* 
tic and Etirofpean Oeeaft-, 1 } ing between partof 
Africa, and America ; 2d, the Indian Ocean, lying be- 
tween AiVic^f the EalLlndian illauds,s and Nevr Hol- 
land ; 3d, the Pacific Ocean, or gintet Totlth fci,' wKicM 
lies between the Plulip))ine iHandtv Chiiia,vjii{»ati, grid 
New HgUandon the wdl, and thexsoalfiaif Awtiioa*rtn 
theeaA. The Ocean alfo take* divers othcupiamcs, ac- 

Z 2 cordiiig 
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cording to the difTcrent co^ntm h horder $ udoo : as 
the British Qcean^ German ficesin. See, Alfo ac- 
cording to the pofition on tl^ globe f northern, 
fouthcrn, caflcm, and wed^n Oceans^ 

Ocean, penctratin^the land at ffVcral ftreightsi 
quits its name of Ocean, and afTumdt.Hhat of fea or 
gulph j as the Mediterranean fea, the P^an gulph, 8 cc, 
in very narrow places, it h called a freight, kc 
OCTAEDRON, 01 OcTAHEoaON, one of the fire 
regular bodies $ contaioed under 8 equal and equilateral 
tnanglcs. — It may be conceived as confillfeg of two 
quadrilateral pyramids joined together at tlieir bafes. 



fidoRof two pfdiaets,’ when their places tridUbnlt by 
the 8th part of a bircle, or 4? degrees. - 1 ? 

OCTAVE, or 8tb, in Mdlic* is an IMsrtyal of 8 
founds i every 8th note itf the fcalcofthc gamut bang 
the fame^ aa ftr as the compafs of mtriic reqtitvea. 

Tones, or fovmds, that are 0£tavei to eachodi^, or at 
an O^^e^l di^nce, are alike, or the lame nearly 11 the 
unifon. In this cafe, the more acute of the two makes 
cxaAly two wibrations while the deeper or graver makes 
but one $ whcncci they coincide at every two vibrations 
of the acuter, which, being more frequent, makes this 
concord more perfcft than any other, and as it were an 
uuiTon. Hence alfo, it happens, that two chords or 
llrings, of the fame matter, thicknefs, and tenfipn, 
but the one double the length of the other, produce the 
O^ave. 

The OAavc containing in it all the other iimple con- 
cords, and the degrees being the differences of thefe 
concords ; it is evident, that the dividon of the Oc- 
tave comprehends the divifion of all the reft. 

By joining therefore all the fimple concords to 
a common fundamental, we have the -following ferics : 


To form an OdaeJron, Join together 8 equal and 
equilateral triangles, as in fig. i j then cut the lines 
half thiough, and fold the figure up by thefe cut 
till the extreme edges meet, and form the 0£fae- 
vhon, as in figure 2. 

In an 0<ftaedron, if 

A be the linear edge or fide, 

B its whole furfacc, 

C itr. fiiKdity, or folid content, 

K the radius of the circumfewbed fplicre, and 
r the radius of tfieinferibed fpherc; Then 
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B = firyj = 4Rt/3 = iA^3 = 

C = 4r^3 = }R. =: lA}/2 = 

K = r^3 :r = V{C. 

r = iR,/3 ^^Av'drr 

See my MeafuratioR, po. ayt 6cc, Id editfon. 
OCTAGON, is o figure of 8 fides and angles ; 
which, when th^t are all equals » alfo called a rcguLir 
one, or ttmy be ihfenbed m a cirofe. 

If the fide of » regular Ofta goo be/ j then 

its area- := X i + 5/3 =. 4-638437 li* f ud 

^ iUdittaof its citcemfe. circle = • 

OcTAeoiif in Forlifieitfen, denolei u place that 
bit8 fi«le% orb batons. ^ > 

OCTANT, Uic 8tb part of i circle* 

OcTAHT, or OcTUt, meaai idfo in afpe^, orpo* 

* 


1*5. A , * 
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Fund.jd/, 3d^, 4th , 5th , 6th/, 6th|^, 8vc. 

Mr. Malcolm obferves, that any wind inftrument being 
over-blown, the found will rife to an 0£favc, and no 
other concord; which he aferibes to the perfeftiou of 
the 061 ave, and its being next to unifon. 

Des Cartes, from an obfervation of the like kind, 
vie, that the found of a whiftle, or organ pipe, will rife 
to an 06 fave^ if forcibly blown, concludes, that no 
found is heard, but its acute Odavc feems fomc way to 
echo or refound in the car. 

OCTILE. See Octant. 

OCTOBER, the 8th month of the year, in Ro- 
mulu8*8 calendar ; but the tenth in that of Numa, 
Julius Cxfar, See, after the addition of January and 
February. This month contains 3 1 days ; about the 
a 2d of which, the fun enters the fign Scorpio TTI. 

OCTOGON. See Octagon. 

OCTOSTYLE, in Architedure, the face of a 
building adorned with 8 columns. 

ODD, in Arithmetic, is faid of a number that is 
not even. ITie feries of Odd numbers is 1,3, 5, 7, 
&c. 

ODDLY-Odd, a number is faid to be Oddly-Odd, 
when an Odd number mcafurcs it by an Odd number. 
So 15 is a number Oddly-odd, becaufe the Odd num- 
ber 3 meafures it by the Odd number 5. 

OFFING, ^.or Offih, in Navigation, .that part of 
the fea which is at a good diftance from (bore; wl^e 
there is deep water, and no need of a pilot to condqd 
the fhip intoport* 

OFFSETS, in Surveting are thcporpendienlankt 
fall, and meafured from the Ration lines, to the corners 
or bends in the hedge, fence, or, boundary of any 
ground. 

OFF$tT*iS|r^ a^ender tod ilaff^ of lolink^br 
other coh^ement length* tU fife is Ibr mcafuiing ]die 
Ofisets, and other fimrt lines and diftanc^. . 

PFFWAB^P, » {favigatibiv the fiuvb^ witk^^m 
the fiiore, Sea 

OOEEs. 
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OOKE^ pr 0 (^ tTMtoorental m^ukfui|f In the 
ihape of an S ; confiftiifg oftWP membetai the one con- 

«a»c and tlw ctbpr convex* 

OLDENBURG. (HEimyJ^ wbo wrote his name 
fometimes CauMHOOt/ feterfing the letters* was a 
learned ^rman gcntl^aoir and born in the Duchy of 
Bremen in the I^wer $axony, about the year i6a6, 
being defcended from^ the counts of Aldenburg in 
Wtilphalia; whence his name. During the long £n> 
gllfh parliament in the time of Charles the ill, he came 
to England as conful for his countrymen ; in which ca- 
pacity he remained at London in Cromwcirs adraini- 
ll ration. But being difeharged of that employ ment, he 
was engaged as tutor to thelord Henry Obryan, an Irifli 
nohleman* whom he attended to the univerfity of Ox- 
ford; and in 1656 he entered himfelf a fludent in that 
univerfity, chiefly to have the benefit of confulting the 
Bodleian library. He was afterwards appointed tutor 
to lord William Cavendifh, and became intimately ac- 
quainted with Milton the poet. During his rcfiaencc 
at Oxford, he became alfo acquainted with the mem- 
bers of that fociety there, which gave birth to the 
Royal Society ; and upon the foundation of this latter, 
he v\ as defied a member of it : and when the Society 
found it ncccflary to have two fccrctarics, he was cho- 
fen aflifiant to Dr. Wilkins. He applied himfelf with 
extraordinary diligence to the duties of this office, and 
began the publication of the Philofophical Tranfa<ftions 
with No, r, in 1664. In order to difeharge this talk 
with more credit to lilmfclf and the Society, he held a 
corrcfpondcncc with more than feventy learned perfons, 
and others, upon a great variety of fubjefts, in dllfcrcnt 
parts of the world. This fatigue would have been in- 
fupportable, had he not, as he told Dr, Lillcr, managed 
it foas to make one letter anfwcr another ; and that, to 
be always ficfh, be never read a letter before he was 
ready immediately to anfwcr it : fo that the multitude 
of his letters did not clog him, nor ever lie upon his 
hands. Among others, he was a conftant correfpon- 
dent of Mr, Robert Boyle', and he tranfiated many of 
that ingenious gentleman's works into Latin, 

About the year 1674 he w'as drawn into a difputc 
with Mr. Hook, who complained, that the fccreiaij 
had not done himjuflice,. in the Hiftory of the Tranf- 
a^llons, with refpeft to the invention of the fpiral 
fpn’ng for pocket watches ; the conteft was carried on 
with Tome warmth on both frdcs, but was at length ter- 
minated to the honour of Mr. Oldenburg ; for, piir- 
fuant to an open reprefentatipn of the affair to the 
Royal Society, the council thatight fit to declare, in 
behalf of their fi|pttary, that they knew nothing of 
Mr. Hool having printed a book intitled Lampasy^c ; 
but that the pubrnherofthe Tranfaftions had conducted 
himfelf fakhfully and honefily in managing the intelli- 
gence of the Royal Societyi and xiven no juft caufc 
rorfuch refiedtioai. , 

Mr. Oldenbnri^htinued to publtfti the Tranfac- 
trons as^forc, to^. 136, Jufie if';? ; after which 
the publicatioivwaf dilcontinued till the January fbHow- 

i they Were a|^n rtfftmed by his fucceftbr in 
the fecreth^ office^ Mr. N^emiahOi^j^ho carried 
them on ta the ^ Of Feb^ 1678. Mr. OWenburg 
at VU bthde ^ ChsHloti, between Greenwich and 


Wdolwicb, In Kent, Auguft 1^78, and was interred 
thtrcr beihg'ya yearsof age. / 

lie puWilhcd, ^fides what hasbecn already mentfoo<* 
ed, ao tradls, chiefly on theological and political fub- 
jedt $ in which he pr incipally aimed at reconciling di£» 
fcrences, and promoting peace. 

OLYMPIAD, in Chronolo^, a revolution or pe- 
riod of four Years, by which the Gveeks reckoned tlif ir 
time : fo called from the Olympic games, which wxro 
celebrated every fourth year, during y days, near the 
fummer folftice, upon the banks of the river Alpheus, 
near Olvmpia, a town of Elis. As each Olympiad 
confrfted of 4 years, tlicfe were called the i ft, id, 3d, 
and 4th year of each Olympiad ; the firft year com- 
mencing with the ncarell new moon to the fummer fol- 
nice. 

The firft Olympiad began the 5938 year of the Ju- 
lian period, the 3208 of the creation, 776 years before 
the birth of Chrril, and 24 years before the foumlatioii. 
of Rome, And the computation by thefe, ended with 
the 404th Olympiad, being the 440th year of the pr'e- 
fent vulgar Chriftian era. 

OMBROMETER, a name given by Mr Roger 
Pickering (Philof. Tranf. No. 47.^, or Abritlg. V, .^56) 
to what Is more commonly, though Icfs propeily, 
called a Pluviameter or Rain gage. Sec Pluviamr- 
TER. 

OMPHALOPTER, or Omphaloptic, in Optics, 
aglafsthat is convex on both fidcs, popularly called 
Convex Lens, 

OPACITY, a quality of bodies which renders them, 
opake, or the contrary of tranfpurency. 

The Cartcfians make opacity toconfift in this ; that 
• the pores of the body are not all (Iraight, or cli- 
rcdfly before each other ; or rather not pervious evci y 
way. 

This doArInc however is deficient : for though, to 
have a body tranfparcnt, its pores mull be ftraight, oc 
rather open every way ; yet it is inconceivable how it 
fhould happen, that not only glafs and diamonds, but 
even water, whofe parts ai « fo very moveable, ftiould 
have all their pores open and pervious every way ; while 
the fineft paper, or the thinned gold leaf, fhould ex- 
clude the light, for want of fuch pores. So that ano- 
ther caufc of Opacity muft be fought for. 

Now all bodies have vaftly more pores or vacuities 
than are neceflfary for an infinite number of rays to pals 
freely through them in right lines, without ftriking on 
any of the parts thcrofclvcs. For Ilncc water is 1 <7 limes 
lighter or rarer than gold ; and yet gold itfelf is fo very 
rare, that magnetic effluvia, pafs freely through if, 
without any bppofition ; and qulckfilver is reaillfy re- 
ceived within Its pores, and even water itfelf by com- 
preflion ; it muft have much more pores than folid parts : 
confequentiy water muft have atleaft 40. times as much 
vacuity as Iblidity, 

The caufe therefore, why feme bodies are opake, 
does not confifiL In the want of reAiliaear porei, per- 
vtous every way ; hut cither in the unequal denfitv of 
the parts, or in the magmiude of the pores t and to 
their being cither empty, or filled with a difteitiil mat- 
ter *, by means of which, the rayt ofligh«i^ in 
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fige. arewctted by inniunmble rcfiajftions.aod refine- 
tions, till at length falling* citt* fbnt« folid part^ they be* 
come quite inctir\<a:f audare utterly abfdrUd. 

Kence C6rk, paper, wood, &C, wo opake ; while 
gWs, diamorrds, &c, are’pellucid. Forin thoconnnes 
or joining of parts alike in ^dcfiflty, luch as thole ot 
rlais, water; diamouda, &c, among themfclves, no re- 
fradion or refleaion takes place, becaufc of the equal 
Mtraaion every way ; fc that fuch of the rays of light 
asenterrtlve firft furfaicc, pafi ftraigUt through the body, 
excepting fuch as ^rc Ic^ and abforbed, by ftriking on 
Iblid parts : but in tlic bordering of parts of unequal 
dcnfity, fuch as thofe of wood and paper, both with 
regard to themfclves, and with regard to the air or 
<mpty fpace in their larger pores, the attraaion being 
unequal, the icflcaions and refraaions will he very 
great ; and thus the raya will not he able to pafa through 
fuch bodies, being continually driven about, till they 
become cxtina. 

That this Interruption or dlfcontlnuity of parts is the 
chief caufc of Opacity, Sir llanc Newton arguts, ap- 
.pears from hence j that all opake bodies immediately be- 
gin to be tranfparent, when their pores become fiiled 
with a fubftance of nearly equal denfity with their parts. 
Thus, paper dipped in water or oil, lome lloncs 
rd in water, linen cloth dipped in oil or vinegar, &c, 
become more tranfparent than before. 

OPAKE, not tranfluccnt, nor tranfparent, or not 
admitting a hec palTage to the rays of light# 

OPEN Flavk, in Fortification, is that part of the 
flank which is covered by the orillon or Ihoulder. ^ 
OPENING of the Trenches, i* the firft breaking of 
ground by the befiegers, in order to carry on their ap- 
proaches towards a place. 

Opening of Gates, iii Aftrology, is when one pla- 
net feparates from another, and prcfently applies to a 
third, bearing rule in a fign oppofite to that ruled by 
the planet with which it was before join^. ^ 
OPERA-G/^/j, in Optics, Is fo called from its life 

in play-houfes, and fometimes a 
from Its conllrnAion, which is as follovvs, ABCD 
f fiff. C. pl.itvii) repvcfcnts a tube about finches long j 
> infacVfi^ of which theit is a hole EF ex- 

aaiy aWinft the middle bf it-plane rhirror 
reflets the rays falling bpon it to the convex glafs LM; 
through which they dve refrnaed to the concave cyc- 
jrlafs NO, whence they emerge parallel to the eye at 
the hole r/, ux the end oftfie tube. Let P^Qhe an 
oblca to be viewed, frdm which proceed the rays Vc, ahj 
and O/.- there rays, bVing rcileacd byjhc phne mw, 
ror will ihewthc’obica tn tliedi^amn cp,^ha, cfn, 
in the image Pq,, equdf to the as far 

bcTiind the mlrrpr tlte oblfcA is befWc it : the mUior 
being placed fo as to make an angle of 45 degrees 
At And as. in vfe^tng near 




Wheq. ia very ncarv XY,f it MykWfcd 

througk ak^ the* otUa end o> tbev^llbt 

AB, without an eye glafs ; the uppd* «£ the 

miiTor *being. jxolHHed fcMT^thtt puipoSe, )vtll as 

the under. ,lV tube unferews, near the^objed^glaft 
LM, for taking out and cleanfing the glafles and 
mirror. , The pofition of the ohje^ will be ertii 
through the concave cyc-gUfs. 

The peculiar artifice of this glafs is to vietv a perfon 
at a {mail dillancc, fo that no one fliall know who is 
obferved ; for the inlh*ument points to a different 
nbjeifb from that which is viewteU nnd as there is a 
hole on ‘each fide, it is impoffible to know on 
which hand the objcdl is fituated, whidi you arc view- 
ing. 

OPHIirCUS, a confiellation of , . 

the noithcrn hemifphcre ; called ulfo 
Serpentarius. • 

OPPOSITE Jrigfes, or Vertical 
Angles, arc thofe oppofite to each 
othtr, madc'by two interfering lines; 
as a and b, ore and d . — The oppofite 
angles arc equal tb each other. 

Oi’vosin- Cories, denote two fimi- 
lar cones vertically oj^iofite, having 
the lime common vertex and axis, 
and llie fame fides produced ; as the 
cones A and B. 

Opposite i^c^Vtons, or Hyperbolas, 
arc thofe made by cutting the Op- 
pofifl cones by the fame plane ; as 
the hypeibolas C and D. — Thefe are 
always equal and fimilar, and have 
the fame tvanfverfe axis EF, as alfo 
the fame conjugate axis. 

OPPOSITION, is that afpcifl or 
fituationof two planets or dais, when 
they are diametrically oppofite to each 
other; being or a fcmi-circlc 

apart ; and marked thus tP. 

The moon is in Oppofitlon to the fun when fhc is at 
the full, 

OPTIC, or Optical, fomething that relates 
to vifion, or the fenfe of feeing, or the fcicncc of 
optics. 

Optic Sec Angle. 

Optic / fflrV. See Axis. ’ , 

Optic Chamber • Sec Camera Ohfeura, ^ . 

Optic Glajes, arc glaflcs grouil^ither concave or 
convex ; fo as either to coUc& or emperfe the rays of 
light j by which means vifion is Improved, and xhc 
ftrengthened, preferved, &c. > a 

Among thefe, the .princip^ ate fpeatek^ 
ing glafl'esi telcfcope#, microfeopes, mag>,..Jai«wo% 
&c. ^ ; 

0>T I c Inequality, m ' Aftrortomy,*^ art tppifait wre-* 
gtfiafity in the motioni of far dfftant bodi« 5 (hkadledi 
hbcaufe it is not realVf in* the moving bo|ii<», huttrtw 
froth the fttimtioh of Jotul tkio 

dye were 5n the centre, it wT)bi 4 hlwiyir ibfl ^ fflCM 
tlkSiwh* thtftfeHy ttee.-, t’ ' r i t u 
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: Tht 'Optic be 

t}im flluftrttcd* Sti^fe « body 
rCTolmg with d reel tmjfonn mo* 
tfon, in the periphery bf *aPcirtIe 
ABD 5 ccj aftd 'fiippdfe the eye 
in the plane of the ftme circle, 
but at a didaiicc from it, view- 
yig the motion of the body from 
O. Now when the body ^ocs 
from A to B ; its apparent motion 
is meafiired hy the angle AOB or 
tlie arch or line HL, wliich it will 
ft’cm to deferibe. But while it 
moves through the arcb BD in an equal time, its ap- 
parent motion will be determined by the angle BOD, 
or the arch or line. LM, which is lefs than the former 
Lhl. But it fpends the fame time in deferibing DE, 
as it does in AB or BD j during all which time of de- 
fcrlbing DE it appears ilationary in the point M. 
WliLMi It really defcribes ’EFGIQ^, it will appear to pafs 
over MLfIKN ; fo that it will feem to have gone re- 
trograde. And laftly, from Q^to ? it will again ap- 
pear llitionary in the point N. 

Onic Ntrvesy the fecond pair of nd*ve3, fprmging 
from the crura of the medulla oblongata, and pamiig 
thence to the eye, 

Thefe arc covered with two coats, which they take 
from the dura and pla mater ; and which, by their ex- 
jimfions, form the two membranes of the eye, called 
th^ uvea and cornea. And the retina, which is a third 
membrane, and the immediate organ of fight, is only an 
cxpanlion of the librous, or inner, and medullary part 
of thefe nerves. 

Optic Pencil, See P e n c i l of Rays* 

Optic Plncty of a ilar 5 cc, is that point or part of 
its orbit, which is determined by our fight, when the 
liar is fetn there. This is either true or apparent ; true, 
ivhen the olifervcr’s eye is fuppofed to be at the centre 
of the rnotiuii ; or apparent, when his tyc is at the cir- 
cumference of the eai th, iSee alfo Plac h. 

OiMic Pyramuly in Perfpedive, is the pyramid 
ABCO, whofe bafe is the vilible obictfl ABC, and 
tl'.c \atex is in the eye lU 0; being formed by rays 



^rawn from the {fvcral points of the perimet-T to the 

what is meant by Optic tri- 

rtJfanS thofe by which 
Optic triangle, is terminated. 

A5 0A,dB,0G,&c. ^ ^ , 
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OPTICS, the fcience of- idfidn ; , including Gatopw 
tries, and Dioptrics ; and even vBerl'peftive j as alfo the 
whole doftrine of light and colours, and all the phe- 
•nomena of tifible objects. 

Caries, in its more extenfivc acceptation, is a mixed 
mathematical^ fqience ; which explains the manner iii 
which vifion is performed in the eye 5 treats of fight in 
general; gives the reafons of the fcveral modifica- 
tions or alterations, which the rays of light undergo in 
the eye ; and (hews why objects appear fometimes 
greater, fometime^ fmaller, fometimes morediflindt, fomc- 
times more confufed, fometimes nearer and fomctime» 
more remote. In tliis extenfive fignilication it Is confi- 
dered by Newton, in his excellent work called Optics, 

Indeed Optics makes a confulcrable branch of natural 
philofophy ; both as it explains the laws of nature, ac- 
cording to which vifion is performed ; and as it accounts 
for abundance of phylical plumomcna, otiicrwifc inex- 
plicable. 

The Prinnpal j^uthors and D fcovtnes in OptieSy are 
the following : 

Euclid feeins to be the earllcft. author on Optics that 
\TC have. He compofed a trcatlfe on the ancient Optics 
and catoptrics ; dioptrics being lefs known to the An- 
cients ; though it whs not quite unnoticed by tliein, 
for among the phenomena, at the beginning of that 
work, Euclid remarks the effcdl of bringing au 
objedl into view, by refi-adflon, in the bottom of a 
velfel, by pouring water into it, which could not be 
feen over the edge of the veifel, before the water was 
poured in ; and other authors fpeak of the then known 
eficdls of glafs globes &c, both as burning glaffes, and 
as to bodies feen through them. Euclid’s work how- 
ever is chiefly on catoptiics, or rtfledfed rays; in 
which he Ihcws, in 31 propofitions, the chief proper- 
ties of them, both in plane, convex, and concave fur- 
faces, in hi? nfual geometrical manner ; beginning with 
that concerning tlie equality of tlie angles of incidence 
and refledlion, which he domonfiratea ; and in the hit 
propofition, fliewing the elTed of a concave fpcculum, 
as a burning glafs, when expofed to the rays of the 
fun. 

The.cfTedls ofhnrning glafibs, both by refradVion and 
reflexion, arc noticed by fcveral others ot the Ancients, 
and it is probable that the Romans had a method of 
ligliting ihcii facred lire by fume fuch means. Arif- 
tophnnes, in one of his comcdieii, introduces a perfon as 
making ufe of a globe filled with water to cancel a bond 
that was agaiuli him, by tlius mtlting the wax of the 
fed. And if we give but a fmall degree of credit to 
what fome uncieuc liilioriaus are faid to have written 
concerning the exploits of Arihimcdcs, we fhuU be in- 
duced to think that he confiruAcd fome very powerful 
burning mirrois. It is even ^allowed that this eminent 
geometrician wrote a Ueatife on the fulijedi of tkeno^ 
though it be notmow extant ; as alfo concerning the 
appearance of a ring or circle under water, and trieriju 
forc could imt have been ignorant of the common phe- 
nomena of refradlion. We find many (^^ueftions con- 
cerning fuch optical appearances in AriAotle. Tin’s 
author was alfo fertfible that it is the refiediion of li^bt 
from the atmofphere which prevents total darknsft after 
the fun fets, and in places where he’ docs not fKiriefti 
the day time. He vitas alfo of opinion, tiiat rainbows, 

ludos, , 
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hJ<H, and mode fur., were all occafioned by the «• 
of the funbeams in different circumftanccs, oy 
which .an ijnperfed imaj^e of his body was produm , 
Ahe (;oloar only being exhibited, and not his pr P 

^'’rhe Ancicnlfl were not only acquainted w'ith the 
more ordinary appearances of rcfraaion, but knew alio 
the produi^fion of colours by rcFraded light. Seneca 
fays, .that when the light of the fun (Jiines through an 
angular piece of glnfs, it fhews nil the colours o t c 
rainbow, Thefe colours however, he lap, are ialie, 
fucliasarc feen in a pigeon^s neck when it changes its 
pofitioTi ; and of the fame nature he filers is a fpec^lum, 
which, without having any colour of its own, alTumes 
tluit of any other body. 

It appearK alfo, that the Ancients were not unac 
quainte^d with the magnifying power of glafs globes 
iillcd with water, though it does not appear that they 
knew any thing of the reafon of this power : and it is 
fuppofed that the ancient engravers made ufe of a glals 
globe filled with water to magnlly their tigurei, that 
they might work to more advantage. 

Ptolomy. about the middle of the fecond century, 
xv.otc a confiderahle tieatife on Optics. Ihc work is 
loll ; but from the accounts of others, it apPJ'^ 
he there treated of aftronomical reflations. Ihe lirlt 
allronomers were not aware that the intervals between 
Wars appear Icfs when near the honzon than in the me- 
ridian ; and on this account they mull have been much 
einbarraffed in their obfervations: but it is evident that 
Ptolomy was aware of this circumilancc by the caution 
which he gives to allow foincthing for it, whenever re- 
courfc is had to ancient obfervations. Ihisphilofo- 
pher alfo advances a very fenfiblc liypothern to account 
for the remarkably great apparent lizc of the un and 
moon w'hcn feen near tlie horizon. 1 lu* mmd, he fays, 
iudgea of the fr/.e of ohjeds by means of a preconceived 
idea of their dliUnce from us : and this dillance is fan- 
cied to be greater when a number of objefts are mter- 
pofed between the eve and the body v’e are viewing ; 
which is the cafe when we fee tlie heavenly bodies near 
the horizon. In his Ahnageil, hqvvever, he afenbes 
this appearance to a rcfraaion of the rays by vapours, 
which aaually enlarge the angle under which the lumi- 
riaries appear ; juft as the angle is enlarged by which 
an obicA is feen from under water. 

Alhazen, an Arabian writer, was the next 
confequcnce, who wrote about the year i loo. 

7en made many cxpcrimcnte on refraftion, at the lui> 
face between air and water, air and glafs, and water and 
irlafs; and hence he deduced feveral properties of at- 
mofpherical rcfraaion ; fuch as. that it mcreafes the 
altitudes of all obicas in the heavens ; and he fidl ad- 
vanced that the Ifara aic fometimes feen above the ho- 
rlxon by means of rcfraaion, when they arc rejlly be- 
low it ; which obfervation was confii-med by >^tcUo, 
Walther, and efpecially by the obfervations of Tycho 
Brahe. Albozeu obferved, that refraflion contra^s the 
•diameters and diftartecs of the heavenly bodies, and that 
it is the caufc of be twinkling of the ftars. This re- 
fmaivc power he afenbed, not to the vapours contained 
in the wV, but to its diffei*nt degrees of tranf^rency. 
And it was his opinion, that fo far from being the caule 
'Hf the heavenly bodies appearing larger near the hori- 


zon, that it would make Uiem 1«#>Abbferving 

that two ftarf appear nearer togtwef tlie borim, 
than near the meridian. Thi$ f ^nomiPnon hit ranks 
among optical deceptiouv Wc mdgeof diftaucc, he 
fays, by comparing the angle Ondtr \Mfh ol^cai ap, 
pear, with their fuppofed dillancc f fo that if tlicfc 
angles be nearly equal, and the diftance of ohe objea be 
conceived greater than that of the other, this will be 
imagined to be the larger. And he farther obfervts, 
that the fl^y near the horizon is always imagined to be 
farther from us than any other part of the conpave fur- 
face. 

li, the xnitings of Allmen too, we find the fii ft 
diftinil account of the magnifying power of glaffes ; 
and it is not improbable that his writings on this head 
gave rife to the ufeful invention of fMAacles ; for he 
fays, that if an objeA be applied clofe to the bafe ot 
the larger fegment of a fphere <Sf glafs, it will appear 
macnilled. He alfo treats of the appearance of an oh- 
jc£l through a globe, and fays that he was the nrll wh* 
obferved the refradlion of rays into it. 

In 1270, Vitello, a native of Poland, publilhed > 
treatife on Optics, containing aU that was valuable m 
Alhazen, and digellcd in a better manner. He ob- 
ferves, that light- is always loft by reftaa.on, which 
makes objeas appear lefs luminous. He gave a table 
of the refults of his experiments on 

ers of air, water, and glafs, co^efponding ‘ 

angles of incidence. He afenbes the twinkling of tlie 
ft» to the motion of the air in which the light is ix- 
frafled ; and he illuftrates this liypothclis, by obfeiviiig 
that they twinkle ftill more wl\en viewed in water put 
in motion. He alfo fliews, that refraa.on is neceflarr 
as well as reflcaion, to form the rainbow ; hccaufe thi 
body which the rays fall upon is a tranfparcnt fi.b- 
ftance, at the furface of wliich one part of tlie light 
always refleaed, and another refraaed. And he inak.s 
feme ingenious attempts to explain rcfraaion, or 
afeertain the law of it. He alfo conhders 
glafs fpheres, and the apparent fize of ohjeas fees 
trough them ; though with but little accuracy. 

To Vitello may be traced the idea of feeing ""* 5 ^ 
ill the air. He endeavours to fliew, that it is ijoflible, 
by means of a cylindiical convex fpeculum, to fee the 
images of objeas in the air, out of the fpeculum, when 
the obicas themfelves cannot be feen. 

The Opiics of Alhazen and Vitello were publilhed 
at Bafil in 1572, by Fred. Rifner. 

Contemporary with Vitello, was Roger Bacon, a 
man of very cxtenfive genius, who wrote upon almol 
every branch of fcience ; though it is thought hi. mi; 
provemenu in Optics were not carried far beyond tM* 
of Alhazen and Vitello. He even aflents to abfurd 
notion, held by all philofophers down to hi. tiw, 
that vilible rays proceed /row the eye, inftead of /evnt 
it. Fiom many ftories related of him however, it 
would feem, that he made greater improvemrtt. thm 
api>ear in his writings. It i. faid fc***®^ 
fct aacle. : Uiat he had contrivances, by reflcAion fiom 
glaffes, to fee what was doing at a gr«t '* 

an enemy’s camp. And lord chancellor Bacon 
a flory, of his having appai^tly walked w j" 
tween two fteeple., and ivhich he fuppofed wa. «***, 
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by wfleSion from glalTfi <riifle Le walked upon the 
ground. . 

About 1279 was wrft^ a treatife on Optics by Pec- 
cam, archbifhop of Canterbury, 

One of the next who dilhnguifticd himfclf in this, 
way, was MauroJycus, teacher of mathematics at Mcf- 
fina. , In a treatife, De laimine et Umbra, publiflied 
ii! 1575, he demonllpates, that the cryftalline liumoiir 
of t!ie eye is a lens that colleifls the rays of light ilFuiiKf 
from the objedts, and throws them upon the retina* 
w'lieie the focus of each pencil is. From this principle 
he dilcovered the rcafon why fonie people aie fliuit- 
hglitKi, and others longsighted ; alfo why the foimcr 
are relieved by concave glalies, and tlie others by convex 
ones. 

Contemporary with Maurolycus, was John Baptilla 
of Naples. He difeovered the Camera Obl’eura, 
k. inch throws conliderable light on the nature of villon. 
11) ; houie was the conllant refort of all the ingenious 
pvjfon. :il NapK-H, wdiom he formed into what he called 
A\i AcaiC'iny of Secrets; each member being obliged 
to co’itiibiite luineihing tivat was not geneially known, 
and miglit be ufeful. By this means he was fuinifhed 
wall m itcrlalt. for his Magi i Natuialis, winch contai.is 
Ills recount of the Camera Obfeina, and the firll edi- 
tu.;i of wliich was puMilhed, as lie iiifoims us, w’licn 
he was not quite 15 jeais old. He alfb gave the 
hi 1 l li'.nt of the Magic Lantein ; wliich Riiclur aftcr- 
waids followed and improved. His expeiimeulS with 
the camcia obfeina convinced him, that vifon i^per- 
loimed by the intromiffioii of fomething into the eye, 
and ni't by vifual rays proceeding from it, as had been 
ioi rncrly imagined ; and he was the liifl wdio fully fa- 
tiblitd hiinlclf and others upon this fubjc6I, He jullly 
(onfdcrcil the eye as a camera obfeura, and the pupil 
the hole in tlie w’indow-fhutter ; but lig w'as miilakeu 
in liippofing that the cryllalline humour correfponds 
to the Willi which receives the images; nor was it dif* 
covered till the year 1604, that this office* is performed 
by the retina, lie made a variety of juft remarks con- 
cerning vilion ; and particularly explained feveral cafes 
inwhiih we imagine things to be without the eye, 
when the appearances arc occafioiied by fome aflcCtion 
ot the eye itfelf, or by fome motion within the eye. 
•~-lIe remarked alfo that, in certain ciicuinllanc<?s, 
jilioii will be aflifted by convex or concave glallhs ; aiid 
he feetns even to have made fome* fmall ad\ance3 to- 
wards the difeevery of tclefcopcs. ^ 

Other treatifes on Optics, with various and gradual 
in-p movements, were afterw’ards fucctflivcK pu'blillicd 
by feveral authors: as Agiiilon, Opticonim^libr. 6, 
f Catoptrique, k Dfoptrique 

m Heijgone, in his Curfus Math. Paris 1637; the 
Ojoptrics of Des Cartes, 1637 ; iPOptique k Ca- 
y»puiqueof Merfenne, Pans 1651 ; Scheiner, Optica, 
<^nid. 1652: Manchuii, Dioptiica Pracliea, Bologna, 

J 6c : BaiTow, Le^liones Opticre, London 1663 ; 

‘ Optica Promota, Lend. 1663 : Gri- 

di, Pliyfico-mathcfisdc Lumine, Coloribus, k liidc, 
<>nonia, 1665: Scaphufa, Cogiia^ones Phyfco-ine- 
\ ^ Natura Vifionis, Heidcl. 1670: Kirchcr, . 

^^>■5 Magna Lum & Umbrae, Rome i6yi: Chcru- 
i^optriouc Oculairc, Paris 1^/71 : Leibnitz, Jh^in- 
^ I’Optiqne, Leipfic Ad:, 160 z : 


177 :] ORB* 

Nctnon^s Optica and Lediones OpUdsc, 410 and 
’.704 &c : Molyneux, Dioptrics, Lond, 1692 : Dr. 
Jmin’s Theory of DillinCt and Imlillind Vifion.—- 
There is alio a latge and excellent work on Optics, 
by Dr. .Smith, z vols 4to ; and nu elaborate Hif ory 
of the Picfenl State of Difeoveries relating to Vilion, 
Light, and Colouis, by Dr. PriclUcy, po, 1772 ; tvilh 
a multitude of other aulliors of infeiior note; be* 
fuks Idler and occafonal trads and papers in the Mc- 
moiis of the levcjdl learned Academics and Societies 
of Fiiiope ; with iniprovenicius by many other pciTons, 
arnongwhoin are the lefpedtahle names of Snell, Fei- 
niat, Kepler, Huygens, llorteulluo, Boyle, Hook, Do 
la Hire, l.owtliorp, Callini, Halley, Ddi(le, Lulcr, 
Dollond, Ciaiiaur, D^AIcmbert, Zeilicr, Bougucr, 
BufTc'ji, Nollet, Baume ; but the particular impiovc- 
mento by each author muil be 1 denod to the luftory 
ol his life, u.'kler tlie aitiric oi their names ; while the 
hiibuy uiul improvemenlH of the Itveral branches are 
to be found under the various pailieulai a’ticles, as, 
Light, CMIours, Rdlcdlion, Reflation, Intledion, 
i nnlmiilioa, ^cc, Spedacles, d eldcopc, Microlcopc, 
kc, 

ORB, .a fpluTieal Hidl, hollow fpherc, oi fpacc con* 
tallied u; tween two concentric Ipheiical fiu faces. — . 
R he ancient ailronomcis conceived the heaveiw as con* 
filling of Icveral vaft azure tianfparcnt Orbs or (phercs, 
incloiiiig one another, and including the Lorlits ul ihr 
planets. 

'Bhe Orbis Ma^nuSf or Great Orb, is that in which 
the fun is fuppofed to revolve ; or rather it is that m 
whicii the euith makes its annual ciicuit. 

Orb, in Allrology, or Orb of is a ceilain 

fphere or extent of light, wdiich the aftiologers allow 
a planet beyond its centre. They pretend that, pro- 
vided the afpeds do but fall within this Oih, they 
have almolt the fame efletfl as if they pointed diiedly 
againft the centre of the planet,— The Oib ot SaturiBi 
hqlit they make to be 10 degrees; lint of Jupiter 12 
degrees \ that of Mars 7 i ; that of llic Sun 17 degrees; 
that of Venus 8 degiccs ; that of Mcicury 7 di^grei-s ; 
and that of the Moon 1 2 J degrees. 

ORBIT, is the path of a planet or comet ; being 
the euive line deferibed by its centre, in its proper 
motion in tlie heavens. So the earth’s Orbit, is the 
ecliptic, or the curve it ddenbes in its annual revolu- 
tion about the fun. 

The ancient aluonomcrs made the planets doferihe 
circular Dibits, with an unifonn velocity. Coperni. 
cnshimfelf eouhi not be]ie\e they fhoHld do otherwift ; 
being unable to dikui.'iigh h/inf'lf entiidy from the 
exccnliics anti epicycles to wliieh the\ had rccouriV, to 
account for the ii.iqualiries in tlwii niotiuns. 

But Kepler found, from olB 1 vat (uis, that the Orbit 
of the earth, and lliar (;f evciypiimary planet, is an 
cllipfis, having the lun in one of i s foci; and that 
they all move in thefe cllipfei hy tin's law, that a ra- 
dius di-awn from the c< iUrc of the fun to the centre df 
the planet, always ddc.ibes equal an as in equal timt«; 
or, which is t!ie uine thing, in unequal tiftkCa, ildcrcribei 
areas that arc proportional to thofc times. And New'- 
ton has lince demonftrated, fiom th< nature of univcrfal^ 
gravitation, and projcclile rnoliim, that the Oibits muft 
of netdiity be elliples, and tlic motions obi'erve that 

^ * law. 
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’ ‘‘v, both of tlie primary and ftcondar)* planets ; 
' ating in fo far as their n’.otiona and patiis arc dif- 
hrd by their mutual a<flion8 upon one another; as 
the Dibit of the earth by that of the moon ; or that of 
iJatnrn by tlit; a<itioii Jupiter ; &c. 

()f thefc cllijuic Orbiu, there have been two kinds 
aflighed : tlic lull that of Kcjdcr and Newton, which 
is the common or conical tilipfe ; for which Seth 
AVar<l, though he liimfelf keeps to it, thinks we might 
venture to luhllltutc circular Orbits, by iifing two 
points, taken at equal dillancea from the centre, on cue 
ot the diameters, us is done in the foci of I lie clliplis, 
and which is c'alhd his L'licular Ilypothciia. The fc- 
cond is that of Cadini, of this nature, vi/, that the pro- 
dinila of the two lines diawn from the two foci, to 
any point in the circumfeivncc, aie eveiywheve equal to 
the fume conllant quantity; uhereas, in the common 
rllipfe, it is the furu of thole two liuc3 that is always a 
conflaur quantity. 

'riie Oibits of the planets are not all in the fame 
jilane with the ecliptic, which is the earth’s Orbit 
lound the fun, but uve vavloully inclined to it, and to 
eiicfi other ; but hill the plane of the ecliptic, or 
eartli’s Othit, interfeds the plane of the Dibit of every 
other planet, in a right line which pafles through the 
fun, culled the line of the nodes, and the points of in- 
lei fodioii of the Orbits tliemfclvca arc called the 
nodes. 

The mean r^mldi.imcters of the feveral Dibits, or 
the nnaii dillancesof the planets from the fun, with 
tlie ixcenti Icities of the Dibits, their inclination to the 
ecliptic, and the places of tl.eir lunles, areas in the fol- 
lowing table; wheie the 2d column contains the pro- 
j)orti<ins. of feinidiarneteis <^f the Dibits, the true lemi- 
diameter of that of the earth being 95 millions of 
miles ; and tlie 3d column thews v. hat part of the fe- 
midiamclcrs the eccentricities are t.qunl to. 
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The Orbits of the comets are alfo very cxcentiic 
tilipfcs. 

‘ORDER, in ArchiteAiire, a fytlem of the feveral 
members, ornaments, and proportions of a column and 
pilaften 

There arc five Orders of columns, of w'hich three 
are Greek, viz, the Doric, Ionic, and Corinthian ; and 
two Italic, viz, the Tufean and Compofite. The 
three Greek Orders reprtfent the three different man* 
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Tiers of buiHing, viz, the folid, the delicate, and the 
middling; the two Italic ones are impeifed produc- 
tions of thcfc. 

Order, in Aftronomy. A planet is faid to go ac* 
cording to the order of the figns, when it Is direifl ; 
proceeding from Aries to Taurus, thence to Gemini, 
dec. As, on the contraiy, it goes contrary to the 
Order of the figna, when it is rttiograde, or goes back- 
waid, from Pilces toAqnaiius, See. 

Order, in the (rcometiy of Cuwe Lines, is denomi- 
nated from the rank or Order of the equation by 
which the gcometiical line is expreffed ; lo the fim- 

f )le equation, or ill power, denotes the lit Orda* of 
inC8, which is the light line ; the quadratic equation, 
or 2d power, dcfincB the 2d Order of lines, which arc 
the conic feclions and circle ; the cubic equation, or 3d 
power, defines the 3d Order of lines ; and fo on. 

Or, the Ciders of line;; are denominated from the 
number of points in which they may be cut by a right 
line. Thus, the right line is of the ill Order, becaufc 
it can be cut only in one point by a ligbtline; the 
Click and conic fedions are of the 2d Older, becaufc 
they can be cut in two points by a right line ; while 
thofo of the 3d Order, are fucli as can be cut in 3 
points by a right line ; and fo on. 

It is to be obferved, that the Order of curves is al- 
ways one degree lower than the conxfponding line ; 
becaufc the ill Order, or right line, is no curve ; and 
the circle and conic fcdlions, which are the 2d Order 
of lines, are only the ill Order of curves; 8 (c. 

Sec Newton’s Eriunieratio Lincarum Tertii Ordi- 
nis. 

ORDINATES, in the Geometry of Curve Lines, are 
light lines drawn parallel to each other, and cutting the 
curve in a certain number of points. 

The parallel Ordinates are iifually all cut by fome 
other line, which, is called the abfcil's, and commonly 
the Ordinates arc pcipcndicular to the abfcilTal fine. 
When this line is a diameter of the curve, the property 
of the Ordinates is then the mod remarkable ; for, in 
the curves of the firll kind, or the conic feiblions and 
circle, the Ordinates are all bifeded by the diameter, 
making the part on one fide of it equal to the part on 
the other fide of it ; and in the curves of the 2d order, 
which may be cut in three points by an Ordinate, then 
of the three parts of the Ordinate, lying between thcfc 
three interfedtions of the curve and the interfedion with 
the diameter, the part on one fide the diameter is equal 
to both the two parts on the other fide of it. And 
fo for curves of any order, whatever the number of in- 
terfediong may be, the film of the parts of any Ordi- 
nate, on one fide of the diameter, is equal to the fiim 
of the parts on the other fide of it. 

The life of Ordinates in a curve, and their abfeiffes, 
is to define or exprefs the nature of a curve, by mean* 
of the general relation or equation between them ; and 
the greatcll number of fadors, or the dimenfions of 
the liigheft term, in fuch equation, is always the fame 
as the order of the line ; that emiation being a quadra- 
tic, or its highell term of two dimenfions, in the lines 
of the 2d order, being the cirdc and conic fedions 
and a cubic equation^ or its higheft term containing 
3 dimenfionS} ia the lines of w 3d order; and & 

QO* 


Thus, 
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Thus, y denoting an Ordinatt ^ 

CC, and x its abfciTs AB ; alfo /T 

hy Cy Sccy givcH quantitics : then ■ y 

= aA* -h l>x + ^ is the gene- ^ 
ral equation for the lines of the Ah — y . — ^ 

id-ordei ; and V 

xy* fy = "f" cx d 

io the equation for the lines of the 
^d order ; and fo on. 

ORDNANCE, are all forts of great guns, ufed in 
\yar ; fuch as cannon, mortars, howitzers, See. 

ORFFYREUS's IVfieelyin Mechanics, is a machine 
fo called from its inventor, which lie alferted to be a 
pirpetiial motion. This machine, according to the 
account given ’ of it hy Gravefande, in his Oeuvies 
Philoi'opliiques, publiOied by Allemand, Amil. 177.1, 
tonlillcd externally of a large circular wheel, 01 latl.cr 
(lium, 12 feet in diameter, and 14 inches deep ; being 
\Kiy I'ght, as it was formed of an aflemblage of deals, 
liaviug the intervals between them covered with waxed 
tloih, to conceal the interior paita of it. Tlie two 
c\ticmil!C3 of an iron axis, on which it turneii, relied 
e-u two lupporls. On giving a flight impulle to the 
vvlu’cl, in either dliecliuu, iu motion wasgjadually ac- 
celciatcd ; fo that after two or throe revolutions it ac- 
((uired fo great a velocity ms to make 25 or 26 turns 
ill a minute. This rapid motion it aOually preferred 
dining tlie fpace of 2 months, in a chamber of the 
landgrave of Hcfle, the door of which was kept locked, 
and lealed with the landgrave’s own feal. At the end 
of that lime it was flopped, to pjcvent the wear of the 
materials. The >rofeiror, who liad been an cye-wit- 
ud's to thefe circumllauces, examined all the external 
paits of it, and was convinced that there c«)iild not he 
any communication between it and any neighbouring 
umm. Orffytciis however was fo incenfed, or pre- 
tended to be ft), that he broke the machine in pieces, 
and wrote on the wall, that it was the impertinent cu* 
rlofity of profcflbr Gravefande which made him take 
this Itep. The prince of HeiTo, who had Icen the in- 
terior parts of this wheel, but fworn to fecrefy, being 
alkfd by Gravefande, whether, after it had been in mo- 
tion for fomc time, tliere was any change obfervable in 
it, and wlicther it contained any pieces that indicated 
fraud or deception, anfwcred both (^ueftions in the ne- 
gatiNc, and dec lared that the machine was of a veiy 
hmplc conllrudtion. 

ORGA'NICAL Defeription of Curves f ia the de- 
feription of them upon a plane, by means of inlbu- 
ments, and commonly by a continued motion. '1 he 
moll Ample conftru£lion of this kind, is that of aciicle 
by mtaiiG of z pair of compaffes. The next is that <>i 
cllipfe by means of a thread and two pins in- the- 
foci, or the ellipfe and hyperbola, by means of the el- 
liptical and hyperbolic compafles. " 

A great variety of deferiptions of this fort are to be 
found in Schooten De Organica Conic, Se<^. in Plano 
Defcilptionc ; in Newton’s Arlthmctica Unlvcrfalis, 
DcCurvanim Deferiptione Organica.; Maelauriri’s Gco^ 
metiia Organica; Brackenridge’s Deferiptio Lincarum 
^-urvarum ; &c. 

ORG^j]j;S^ Organs, in Fortification, long and 
thick pieces of wood, (hod with pointed iron, and 


hAngcach by a fcparaic rope over the gate-way of a 
town, ready on any fnrprifc or attempt of tlie ene my to 
be let down to flop up the gale. The encls of tl)e feveral 
ropes are wound about a wiiullafs, fo as to be let down 
all together. 

0kg UK s is alfo ufed for a machine compofed of fc- 
veral harqucbiiflcs or mufket- barrel bound together ; 
fo as to make feveial cxj^lofloiis at tiu' fame time. They 
are uled to deknJ breaches and other places at- 
tacked. 

ORIFNT, the call, or the callern point of the ho- 
rizon. 

Orifnt Fquhic^linfy ia ufed for that point of the 
hori'/on wheie the Inn tiies when he in the eqtiiLoc- 
tial, or when hetnteisthc flgns Asies .md Lilna. 

0 \x.\hs r ^.f ivdly ia tlie poMU wlicic the Cnn rifes 
In the middle of fiimnu r, when ih.e duys are longidl. 

OaifcNT //i/’.'Twi:;/, is liie point wlurc the fti't lifcs in 
the middle of winter, when (he drva :ne fliortelb 

ORIFNTAL, litnated towardstlie eafl with regard 
to us : in oppofition to occidental or the well. 

Orii'ntal Jijironomyy Phihfphyy &c, nfccl for 
thofe of rli.'c'.ll, or of the Ambians, Chaldeans, Pei- 
fians, Indians, &c. 

ORIL,LOM, in Fortification, a fmall ronnding of 
earth, liueil with a wall, raifed on the fhouldcr of ihuh: 
bnfl tnij that have cafornates, to cover the cannon in 
the u'tind flank, and prevent their being dilmonnted 
hy the enemy. 

There arc ether forts of Orillons, propcily nfled 
Epaiflcments, or Sliuulderings, wdiich arc aUr.oll of a 
fquaie figure. 

ORION, a conflellation of the fonthern licmlfplieie, 
with rel'pert to the ecliptic, but lialf in the noithern, 
and half on the funtliern fldc of the cqiiinodlial, which 
runs acrofsjlhe middle of his body. 

The fl.irs in this conllellation are, 38 in Ptolomy's 
catalogue, 42 in 'rYcho''s, 62 in ifrveliiis’?, and 78 in 
Flamfleed’a. Put fume t-'lefcopcs Inivc dilcovered leveral 
thoufands of flars in thfs ronihdlation. 

Of tliefc liars, tlinc are no lefs tlian tw'o of the firfl: 
magnitude, and four ofihc fecond, bdide a great many 
of the third and fourth, (dneof thofe twm llarv'of the 
full magnitude is upon the middle of t!ic left foiit, 
and is called Rry^cl; the other is on the right fliouldtr, 
and called Bdtlgiufc ; of tlie four of the fccoud magni- 
tude, one is on the kit flioiilder, ami called Brliitnxy 
and the other three aie in the heir, l)ing nearly in a 
light line and at equal diflr.nei s from each other, foim- 
ing whdl it; popularly called the Tnt lUvand. 

Tlii.; coniicllalion is one of th.c 48 idd aflciifmR, and 
one of the moll rcmaikaiile in tlie lu aveiis. It is in i!ie 
llgufeof a man, having a fumd hy hiJ fide, and feemi 
attacking the bull with a club in his right hand, his left 
bearing a fliield. 

This conflcllation is partionholy mentioned by ruany 
of the ancient authors, undev< n in the Sciipliire^ them. 
fel'.\s. The G’.eeks, aceouling to their enllom, give 
leveral fabulous accounts of him. One is, that th • 
Orion v/As a fc'u of their fea-goi Neptune by Fur) ale, 
the famous huntrefs The fon j)aiTeflcd the dif^/ofition 
of his mother, and became the grcatcll hunter in the 
world : and Neptune gave him the fingnlar privilege, 
that he fiiould walk upon the furfacc 01 the lea a« v^clT 
A a 2 at 
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aa iTj't M'cre on diy hnJ. * Anothtr account of his on*- 
j[;in is, that one Hyieius In Vl’cbeii, havin^f entertained 
Jupiter Old Mercury svith gicst holpitality, requeUed 
of them the fai'ourthat he. might have a fun. The fidnof 
the ox which he had facriliccd to them, was buried in 
tlie gioundi with eeitain < ciem<nucs, and the fun fo 
mi’c)»(ldlted was piodiu.ed from it, a youth ut piomi> 
fnig (piiit, and named Orion. 

They farthu- tell us, triat he vifited Chios when 
grown np, and raviOied Penelope the daughter of Qmio- 
pron, for which the J'alher put out his eyes, and ba* 
iiifhcd him the ilhmd : he thence went to Lemnos, where 
Vuleari received him, and gave him Cedalion for a com- 
panion. Afterwards, being leilored to fight by the 
fnii, he returned to Chios, and would lui\e revenged 
hlmfelf on the king, but the people liid him. After 
this it feemshe hunted with Diana, and wasfo exalted 
with Ids fuccch, that he ufed to fay he would ckfltoy 
every creatine on the earth : the Earth, Iiritatid at this, 
pioduced a Sco»plon, which flung him to death, and 
lioth he and the reptile were taken up to the fliics, 
the Scorpion making one of the twelve figus of the 
/.odiac. 

Othcis give a different account of his d^dniftion : 
they tell us that lie would have lavKhed tliegoddefs of 
challily Diana herfelf, and that flic killed him with her ar- 
row. All the waiters, however, are not agreed about this: 
they wdio make him the facrificc to the vtngeanccofthe 
offended goddeffl, fay, that herfelf afterwards placed his 
figure in the fkies as a memorial of the attempt, and a 
teiforto all ages. But there are fomc who fay flic loved 
lilin fo well lliat fhc had thoughts of marrying him : 
lhef< add, tliat Apollo could not beyr fo dilhonourablc 
an alliance for his Inter, for whieli rtafon he killed him ; 
and that Diana, atter fhedding Ihowers of tears over his 
toips, obtained of Jupiur a place for him in the hca- 

xcir-t. 

Ko condellition wasfo terrible to the mariners ofthe 
<';aly peiiods, as tint, of Oriun. fie i-. mentioned in 
ihib way by all the Greek a. id LLti.i pvjcts, and even 
b) their hiltorlaiib ; his rifing and Ltling being attended 
by floims and tempcflb : and uS the northern conllella- 
lions arc made ilie followeis of the l ltKidos.; foaiethe 
t'outkeru 01. is made the attenil.uns of Orion. 

ddie name of this coniUUalion is ?lfo met with In 
fjCi’pLvire kveiul times, \i/, in the books of job, Ameis, 
and Ifalah. lu J<ib it is aiktd, “ Cantl thou bind the 
fwcet influence of the Pleiades, or loole ike bands of 
Oiion i’* And /\mosfays, “ iSeck Inn. that makv.lli the 
Seven Stars and Orion, andtiunctb theihadow of death 
lato nunning.*' 

< biiosL the fame as the conikdlation Eri- 
danns. , » 

OKLE, Drum-, or Orlo, in .^rcklfc<!-\ure, a fd- 
)rt mnler the ovulo, or quaiter*round of a capital — 
M '>cn it is at the top or bottom of the iliaft, it is called 
kic ciinJ'dure. — Palladio alfo nfes Orio for the plinth of 
O't' b.des of colmnns and pcdi flals. 

ORRERY, an a'l'Amomica! macliine, for exhibiting 
t!ie vailous motions end appearances of the fun and 
planets ; and hcncc often called a Planetarium. 

The reaion of ihe name Oi’rery was this : Mr. Row- 
)c), a maibcmatical inftrument-maker, having got one 
fiom Mr. George Graham, the original inveutor^ to be 


fent abroad with Tome of his own iiillrumcnts, he co- 
pied it, and made the firil; for the earl of Orreiy, 
Sir Richard Steel, who knew nothing of Mr. Gra- 
ham's machine, thinking to do jullicc to the firfl en- 
courager, as well as to the inventor of fuch a curious 
in liniment, called it an Oirtry, and gave Rowley 
the piaife due to Mr. Graham. Defaguliers* Experim. 
Phllof. vol. I, pa. 430. The figure of this grand Or- 
rcjy is exhibited at fig. 1, pi. ly. It is fince made in 
vaiious other figures. 

ORTEIL, iu Fortification. See BtRME. 

ORTELIUS (A BRA ham), a celebrated geographer, 
w’ftsborn at Antwerp, In 1 527. He w'as welllkillcd in the 
languages and inathematics, and acquired fuch reputa- 
tion by hii fkill in geography, that he w'ds furnamed 
the Ptolomy of his time, jurtiis Liplius, and moll of 
the great men of the i6th centiny, were our author’s 
intimate friends He palfed fome time at Oxford in the 
icign of Edward the 6th ; and he vifited England a fc- 
coTid time in 1^77* 

His Thealrum Oth'is Terra was the completed work 
of the kind that had ever been publifiied, and gained 
our author a reputation adequate to his immenfe labuiii* 
in compiling it. He wrote alfo fevcral other excellent 
geogiaphical works; thepiincipal of which ate, his 
'ihtj'aurusy and his S,ynonyma Geographical — Tiie world 
is alfo obliged to him for the Britannia^ which w^as 
undertaken by Cambdeu at his requell.— He died at 
Antwerp, 1 i;9B, at 71 years of age. 

ORTIIODROMICS, in Navigation, is Grcat-cliclc 
fiiiling, or the art of failing in the arch of a great circle, 
whicli is the fiiortcd courle ; For the arch of a great 
circle is Orihodromia, 01 the fiiortcd dillancc bidweca 
two points or places, 

OR FHOGONtAL, in Geometry, is the fame as 
rcdangular, or right-angled. — When the termrefeisto 
a plane figure, it fuppofes one leg or fide to (land per- 
pendicular to the other: when fpoken of folids, It fup- 
pofes their axis to be perpendicular to’ihe plane of the 
noi i/on. 

ORTHOGRAPHIC or Or rnocRAPHic.rL Pro- 
jedion of the Sphere^ is the projctlion of its furface or 
of the fphire on a plane, palling through the middle of 
it, by an eye vertically at an infinite dillance. See Pro- 
ject ION. 

ORTHOGRAPHY, in Geometry, is the drawing 
or delineating the forc-righl plan or fide-of any objc£l, 
and of exprcdlng the heights or elevations of every par^* 
Being fv> called from its determining thingbby perpen- 
dicular right lines falling on the geometrical plan ; or 
rather, becaufe all the lioiizontal lines arc here ilraight 
and panillel, and not oblique as in rcprefcniationg of 
pel fpe6:ivc. 

Orthography, in Archiie6lurc, is the profile or 
elevation of a building, fiiewing all the parts in their 
true proportion. This is cither externaPor internal. 

pA/erral Orthography, is a delineation of the 
outer face or front of a building; fhewing the principal 
wall with its apertures, roof, ornaments, and every 
thing vifiblcto an eye placed before the building. And 

/w/erntf/ Orthography, called alfo a Se£lion, is a 
delineation or draught of a building, fuch as it would 
appear if the external wall w^erc removed. 

Oathockaphy, ill Fortification, is the profile, or 

reprefeniatiov^ 
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rforefcntation of a work ; or a draught fo conduftcd, 

■ that the length, breadth, height, and thicknefs of 
the fc'vcral parts are expreffed, fuch as they would ap- 
pear if it were perpendicularly cut from top to bot- 

^^^ORTIVE, QX Thdjtern Ampyttude^ in Aftronomy, is 
„ irch of the horizon intercepted between the point 
Thi-ic a ftar rrirs, and the cad point of the hoiizon, 

" OSCILEATION, in Mechanics, vibration, or the 
reciprocal keenfand defeent of a pendulum. 


] 
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Ki fiinplo pendulum be fufpended between two femi- 
r< elfhs liC, Cl), tluit linve the diameter CF of the ge- 
ne, ,un.g elide equal to half the length of the llring, fo 
that the ll.intr, as the body E Ofeillates, folds about 
tiuin, then will the body Ofcillate in another cyeloid 
}U:AD, liur.lur and equal to the former. And the 
luue of the Oleillation in any arc AE, nicafured from 
the Imvell point A, is aUvays the fume conllant qumi- 
t!;\, wlicthcr that arc be larger or fmallcri But the Ul- 
ci'iLitior.s in a circle arc unequal, thofe in the fmalkr 
r'.(8 being Lfiithan thofe in the larger j and fo always 
l.ib ami kVs as tbearesare finaller, but Rill greater than 
the t,me of Oleillation In a cycloidal arc } till arcit- 
1 . r are liecoincfi very fmall, and then the lime of Oicu- 
I '.iKjii in It i-i very nearly equal to the time in the cy- 
cloitl, bccanfc the circle and cycloid have the fame cur- 
\ t.tic at the vertex, the length of the llring being the 

iomiiiori radius of curvature to them there. - 

"I'lic tune of one whole Ofcillation in the cycloid, or 
rf an afeent and defeent in any arch of it, is to the 
tunc in vvlilch a heavy body would fajl freely through 
CF or FA, ,the diameter of the generating circle, 
Cl tlnongh half the length of the pendulum llring, as 
the (.ircimifcrence of a circle is to its diameter, ^h^t is 
1 3-1.’ 1 6 to 1. So that if / denote the length of the 


fcnduhim CA, and ^ = >^1*1 


193 inches, the 

Ipacc a heavy body falls in the ift fccond of 
and p ~ 3‘I4i 6 the circumference of a ciiclc whofe 
diameter is i ; then by the laws of falling bodies, 

^ , the time of falling through 


it is : y/\l : : 
CF 


Vr 


i/ ; therefore ^ which- is 

the time of one vibration in any arch of the cycloid which 
h.ib the diameter of its generating circle equal to -jA Or, 
byextrafling the known numbers, the fame time of an 
Oh illation becomes barely ^\v'/or very nearly, 

/ being the length of the pendulum in inches. And 
theufore this is alfo very neatly the time of an Ofcilla- 
1*0:1 in a fmall circular arc, whofe radius is / inches. 
Hence the times of the Ofcillation- of pendulums of 


different lengths, arc diredly in the fubrliiplicatc ratio 
of tiicir lengths, or as the fquare roots of their 
lengths. 

The more exadl time of Ofcillating in a circular arc, 
when this is of fome finite fmall length, ia 

X ( I + “T>) J where h is the heiglit of the vibra- 

tion, or the verfed fine of the finglc arc of afccutjOr 
defeent, to the radius /. 

The ctlebratcd Huygens firfl refolved the problem 
concerning the OfcilUtioiis of pendulums, in his book 
Do Horologio Ofcillatoiio, rcdiKlng compound pendu- 
lums to fimplc oius. And liisdodliinc is founded on 
this tiy pot he (is, tint the common cciurc of gravity of 
fcvei a 1 bodies, connedded togetliei , mull afceiul exaddly* 
to the fame he'igiit from which it tell, wlicther thofe bo- 
dies be united, or feparatej fiom one ain^tlier in afeend- 
ing again, provided that each hegiii to afeend vvilli the 
velocity acc[ulrcd by its defeent. 

This fuppofitlou was oppofed by fcvcial, and very 
much fufpeidcd by others. And thofe* even who be- 
lieved the triiili of it, yet thought it too daiing to be 
admitted without pi oof into a icicncc which demoii- 
ftrates every thing. 

At length Mr. James Bernoulli demonllratcd it, from 
the natuie of the lever; and publifiicd liis foliitlon in the 
Mem. Acad, of bcienc, of Paris, lor the year 1703. 
Aftei hisdeath, which happened in 1705, hisbioihcr 
John Bernoulli gavcamoie cafy and liniple folution of 
the fame problem, in the fame Memoirs for 1714; ani 
about the fame time, Dr, Brook Taylor puWidKd a fi- 
inilar folution in his Methodus fnciementorum : which 
gave occufion to a diTpute between thofe two mathe- 
maticians, who accufed each other of having llolei 
their folulions. 'I he particulars of which dilputc may- 
be Icon in the’Leiplic A6ts for 1716, and In Beruoulir;* 
works, printed in 1745. 

Axis of OsciLLA’riON, is a line parallel to the ho- 
rizon, fuppofed to pais ihrougli the- centre 01 fixed 
point about wliicli the pendnhim ofcillatcfl, and per- 
pendicular to the plane in wliicli the Ofcillalion is 
made. 

Cent rf of Oscillation, in a fufpended body, is a 
certain point in It, fuch that the Oh illations of the bo- 
dy will be made In the fame time as if tliat point alone 
w'crc fufpcn«!ed at that dillance from the point of 
fnfpenfion. Or it is the point into wliicli if the whole 
w’ciglit of the body lie collcCled, the Icitial Ololhitions 
will be performed in the fame time as befoic : the Ofcil- 
lations being made only by the forte of gravity of the 
ofcillating body. SecCtNTKE of OfctlLitmu 

OSCULATION, in Gcometiy, denotes the con- 
ta£l btlween any curve and its ofculatory circle, tiiat 
is, the circle of the fame curvatiiie with the given 
curve, at the point of contad orol Ofculation. If AC 
be the evoiute of the involute curve AKF, and the tan- 
gent C£ the radius of curvature at ihc point E, with 
which, and the centre C, iftlie circle ULG be deferib* 
cd } thiscirclc is faid to ofculate or kifs the curve AEF 
in the jwint E, which point E Mr. Huygens calls the 
point of Ofculation, or kilfing point. 

The line CE is called the olcubtory radius, or the ra- 
dius of curvature ; and the circle B£G the oftulaiory 
or kilSng circle. * 

The 
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The evoluteACis the locus of the centra of all the 
circles that ofculatetbe Involute curve AEF. 




OscuLATtoM alfo mcani the point of concourfe 
of two branches of a curve which touch each 
other. For example, if the equation of a curve be 
y — curve has 

two branches toucliing one another at the point where 

= O, becaufe the roots have each the ligng 
and — . 

The point of Ofcnlatlon dKTers from the cufp or 
point of retroccfhun (wliich is al(o a kind of point of 
conta<5^ of two branches) in this, that in this latter 
cafe the two branches terminate, and pafs no farther, 
but in the formerthe twobranchta exilf on bothfidca of 
the point of Ofcnlatlon. Thus, in the fecond figure 
above, the point B is the Ofculation of the two branches 
AIJD, EDF j but C, though it is alfo a tangent point, 
J8 a cufp or point of rttroceflion, of AC andAB, the 
branches not palhng beyond the point A. 

OSCULAl'ORY Circ/c, or Circle, is the 

fame as the circle of curvature ; that is, the circle hav- 
ingthe fame curvature with any curve at a given point. 
See the foregoing article, Ofculation, where BEG, in 
the laft figure but otie, is the Ofculatory circle of the 
curve AEV at the point E ; and CE the Ofculatory 
radius, or the radius of curvaturCf 

This circle is called Oiculatory, or kilTing, becaufc 
that, of all the circles that can touch the curve in the 
fame point, that one touches it the clofeft, in fuch 
manner that no other fuch tangent circle can he drawn 
between it and the curve ; fo that, in touching the 
curve, it cmbiaccsit as It were, both touching and cut* 
ting it at the fame time, being on one fide at Inc convex 
part of the curve, and on the otlitr at the concave part 
of it. 

In a circle, all the Ofculatory radii arc equal, being 
the common radius of the circle j the evolute of a circle 
being only a point, which is its centre. See fome pro- 
perties of the Ofculatory circle in Maclaurin’s Algebra, 
Appendix Do Linearum Gcometricarum Proprielatibus 
gcneiahbiisTraftatus, Theor. j, § 15 &c, treatedina 
pure geometrical manner. 

OscuuATORY Paraholiu Sec Parabola. 

OscuLATORY Point, the Ofculation, or point of con- 
tact between a curve and its Ofculatory circle. 

ObTENSlVEZ)<mof^/a/;//7j, fuch as plainly and 
diredfly demonftrate the truth of any propofitiim. In 
which they Hand difiinguifhcd from Apagogical ones, 
or reduAions ad abfurdum, or ad impouibuc, which 
pnnx the truth propofed by dcmonllrating the abfur- 
dity 01 impolfibility of the contrary 

OTACOUSTlt, an inllruinent that aids or im- 
proves the fenfe of hearing. Sec Ac oust res. 


OVAL, an oblong curvilinear figure, having tvro 
unequal diameters, and bounded by a curve line return- 
ing into jtfcJf. Or a figure contained by a finglc curve 
line, imperfcdly round, its length being gitater than its 
breadth, like an egg : whence its name. 

The proper Oval, orcggdhapc, is an irregular figure, 
being narrower at one eml than the other; in which 
It differs from the cllipfe, which is the mathematical 
Oval, and is equally broad at both endR.-~l’he common 
people confound the two together: but geometricians 
call the Oval a Falfe Ellipfe, 

I he method of deferibing an Oval chiefly ufed among 
artificers, is by a cord or firing, as Ff^, whofe length is 
equal to the greater diameter of the intended Oval, and 
which is faftened by its extremes to two points or pins, 
F and/, planted in its longer diameter ; then, holding 
it always (Iretchcd out as at K, with a pin or pencil car- 
ried round the infide, the Oval isdefcrlbed ; winch will 
be fo much tlie longer and narrower as tlic two fixed 
points are farther apart. "I’his Oval fo defei ihe-1 is the 
true mathematical cllipfe, the points F and J being the 
two foci. 



Another popular vyay to deferibe an Oval of a givei 
length and breadth, is thus : Set the given length and 
breadth, AB and CD, to bifc6l each other perpendicu- 
larly at E ; with the centre C, and radius AR, delcrihe 
an arc to crofs AB in F and G ; then with theh centres, 
F and G, and radii AF and BG, defenbe two httle aicB 
HI and K L for the fmaller ends of the Oval ; and lafllv, 
with the centres C and D, and radius Cl), defenbe the 
arcs HK and IL, for the flatter or longer fides of *hc 
Oval.— Sometimes other points, inifead of C and D, arc 
to be taken by trial, as centres in the line CD, pro- 
duced if neceftary, fo as to make tlie two lall ares ioin 
bdl with the two former ones. 

Oval denotes alfo certain roundifli figures, of various 
and plcafant fhapes, among curve lines of the higber 
kinds. Thefc figures are expreffed by equations of all 
dimenfioiis above the 2d, ana more eipfc ally the c^rn 
dimenfions, as the 4th, 6th, &c. Of ihi^ kind the 
equation -f a.\^, which vieiiotf^ the 



Oval B, in (hape of the fe£lIon of a pc^r through the 
middle, and is calily defenbed by me-aus of points. For, d 
8 a circle 
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a circle be c^efciilK'd whofe diameter AC is =: and 
AO be perpendicular and equal to AC; then taking 
nil}' point P in AC, joining- DP, and drawing PN pa- 
ra’Itl to AO, .md NO parallel *0 AC ; and laltly taking 
p;j -- N(3, the point M will be one point of the 

Otal jou.;hr. 

Iti |i’;o manner the equation 

^4 ^ j^y -t — -p bx^ -p -p (bx "P e 

cxpu-ires feveial \eiy pretty Ovals, among which the 
mg i: aic lonie of the moll remarkable. For 
vdien tiic C(jnjtion 

+ rx^ -p- {/x *p e 

1 ,K f' ’' ical unequal roots, the ^iven equation 
w ii di.j' ic the till te following Ipecics, in fig. i> 
j t 

rig. i. rig. 2. I’ig. 3. 



till two kfs roots arc equal, the three fpecies will 
UcxpuflcJ as in iig, 4, 5, 6, thug ; 


F1.4. Fig. 5- rig. 6. 



' 1. irvo k'fs roots become Imaginary, it will dc- 
U' ic tli. th-LC iptcirs as exhibited in fig. 7, 8, 9 ; 


r ig. 7. Fig. 8. Fig. 9. 




OUGHTRED (William), an eminent Eujdini 
mathematician and divine, was !)orn at Etoit in Buck' 
Inghamlhire, i?73, and educated in ihc Ichool tlitie ; 
whence he was elected to King^s-eidloge in C.irniufdge 
in 1592, where he continued tib)ut 12 yems, and be- 
came a fellow ; employing his tune in dole application 
to uf< ful lludics, paiticul.iily the mathematical Icienees, 
which he contiibuted giLiitly, by his example and ex 
Imitation, to bring into vogue among his acquaintaneci 
there. 

About 1603 he quitted the univerfity, and was pre- 
fented to the rertory of Aldbiiiy, near Guildford in 
iSuny, where he lived a long retired and ituJious life, 
fcldom travelling fo far as I.ondou once a year; his 
recreation being a diverlity of Undies: “ as often, fiys 
he, as I wa. tired with the labours of my own piolcf- 
fion, I liavc allayed that tcdioiifners by walking in the 
plcafant, and more tlimi Ely fran P'idds of the diverfe 
and various parts r)f human Icaniiiig, and not of the 
mathcnialics only.” A])oiit the year 162H lie was ap- 
pointed by the cail of Arundel tutoi tir his Ton lord 
William Howard, in the mathcm.itics, and liisClavis was 
drawn up for the u(e of that young nohlernnn- He always 
kept up a coirelpoudence by lettcis with fome of the 
moll eminent feholarsof his time, upon matlie ualical 
fubjeds; the originals of which were pn-ftivtil, and 
communicated to the Royal Society, by William JoucSj, 
Efq. The chief mathematicians of that age owed 
much of their fkill to him ; and his houfe was alw'ays 
full of young gcnllerncii who came from all paits to re- 
ceive his inftru6lion : nor was he without invitations to 
fettle in PVance, Italy, and Holl.jnd. “ He was as 
facetious, fays Mr. David Lloyd, in Greek and Latin, 
as folld in arithmetic, geometry, and thefphcrc, of all 
meafurcs, mulic, ; exadf in Ills (lyle as in liis judg- 
ment ; handling liis tube and other inllrumcius at 80 as 
lUadily asothers did at 30 ; owing tliis, as he faid, to 
temperance and exercife ; principllng his people with 
plain and folid tiuths, as he did the wotid with great 
and ufeful arts; advancing new inventions in all things 
but religion, which he endeavoured to promote in its 
primitive purity, maintaining that prudence, meeknefs, 
and fimplicity were the great ornaments of his life. 

Notwiihltanding Oiightred's great merit, being a 
ftrong royalift, he was in dangei, in 1^)46, of a ie- 
quclliation by the committee fui plimdciing miiiillers ; 
feveral articles being depofed and fworn ag.iinll him : 
but upon his day of hearing, William Lilly, tfic fa- 
mous aftrologer, applied to bir Bulltrode Whitlockc 
and all his old friends ; wlio appeared fo numerous in his 
behalf, that though the chairman and many otherPrefby- 
tcrian members were active againll him, yet he was 
cleared by the majority, d ills is told us by Lilly him- 
ftlf, in the Hillory of his own Life, where he ftyks 
Oughtred the mod famous mathematician then of Eu- 
rope.— -He died in 1660, at 86 years of age, and was 
buried at Aldbury. It is faid he die^ of a fudden ec- 
ftafy of joy, about the beginning of May, on hearing 
the news of the vote at Well minder, which pafifed for 
the reftorafion of Charles the 2d —He left one Ton, 
whom he put apprentice to a watch-maker, and wrote 
a book of inftrudlione in that art for his ufe. 

He publilhcd feveral works in hiilife time ; thepn'a* 
cipal of which art the following ; 

I. AnthmiUcM 
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J . Arithmetics in Nnmcro inf Sj^edehus Inflitutioy in 
Svo, 1 6:? I . This trcatiTe he inTciided fiwuld ferve as a 
;^cncnjl Key to the MatKt rnatics. It was afterwards 
reprinted, with confldci able altciations and additions, 
In 1641’, under the title of A /d} to the Mathematics, 
It Well alfo publilhed 111 Kn;>U(h, \^[lh fcveral additional 
tiad'i':! ; vi/, OIK’ on ilic Rclidrition of all forts of Al- 
fc( 5 lcd h'quiitlons in Numbers ; a fecoiid on Cornpoiiiid 
Intercd j a third oir the eafy Ait of Delineating all 
manner of Plain Sun-di.ils ; alfo a Dcmonlliation oflire 
Rule of I’alle-Poritioii. A 3d edition of the fame - 
work was printed in 1652, in Latin, with the fame 
nddiclonal trails, trrgcthcr with fame others, viz, On 
the pile of Logaiitlnns ; A Declaration of the loth 
book of 'Faiclld’s Lkrnents; a irealife of Regular So- 
lids ; and the I'lieureins conlaincd in thr* books of Ar- 
chimedes. 

3. The Circles ofV ropnf lion, ?lx\([ a Uurixofital Injlni- 
ment \ in 1633, 4 ^'^ » pnbliflredby Iris feholar Mr* Wil- 
liam Fuller. 

3. Dcfiiiption and Ufe of the Double Horl'tontal Dial ; 

1636, Svo. 

4. Tngonomdrta : his trealife on Trigonometry, in 
I.^atin, in 4I0, 1697 : And anothci edition in Knglifb, 
together with Tables of Sines, Tangents, and Se- 
cants. 

He left behind him a great number of papers upon 
mathematical Inhjedds ; and in moll t)f his Greek and 
Latin maihenratical books, there were found notes in 
his own hand writing, with an abridgment of almoll 
every pi’opoiltion and dcmonllratioh in the margin, 
which caim -into the muh urn of the late William Jones 
Efq.F. R, S. I'hcfe books and manuferipts then palled 
into the hands of Iris friend Sir Charles Scarboroujjh the 
phyfician ; the latter of which were carefully looked 
over, and all that were found fit for the prefs, piintcd 
at Oxford in 1676, in 8vo, under the title of 

Opujrida Mathematica hiulcnus inedita. This col- 
lection conlains the following pieces : ( l), Inftitutioncs 
>leehanica‘ : (2), De Variis Coiporum (icneribiis Gra- 
vitate fc Magpitudine compaiatis: (3), Automata; 
(4), pLia iliones Diopbanti Akwandriiii, libii tres : 
(3), De 'i'liangulis Planis Redlangulis : (6), De Di- 
xifione Sujrcilicieuim : (7)» Mufiea: Fdeinenta; (8) , De 
IVopngiiaeidorum Mmiitionibus : (9), Sediones An- 

gnlarcs. 

b. In 1660, Sir Jonas Moore annexed to his Arith- 
metic a treatife entitled, “ Conical Stiltons ; or, 'I’hc 
fcveral Se(^ion8 of a Cone *, being an Analyfit* or iMc- 
tliodical Contraflion of the two firll books of Mydor- 
gins, and whereby the nature of the Parabola, Hyperbo- 
la, and Kllipiis, is very clearly laid down. Tranllated from 
the papers of the learned William Oiightred.'' 

Oughtred, though undoubtedly a very great m.ithe- 
matician, was yet far from having the hnppicll method of 
Heating the fubjeds he wrote upon. His Ryle and man- 
Hcr were very concife, obfcui’c, and dry ; and his rules 
and precepts fo involved i« fymbols and abbreviations, 
as rendered his mathematical writings very ttoubkfomc 
to read, and difficult to be underRood. Bcfidc the cha- 
nuRcrs and abbr-eviations before mfidc ufc of in Algebia, 
he introdiieed fcveral others ; as 

X to denote multiplication ; 

/ : for proportion or iimililude of ratios ; 


“3 ? 

^ > for greater and lefs ; See. 


OUNCE, a fmall weight, being tlic t6th part of a 
pound avoirdupois ; and the 1 2th part of a pound troy, 
— The avoirdupois Ounce is divided into lO diachmsor 
drams ; alfo the Ouiicc troy into 24 pennyweights, mni 
the pennyweight into 24 grains. 

OVOLO, in Architeftiire, a round moulding, whofc 
profile or fweep, in the Ionic and Compofitc capital, is 
ufually a quadrant of a circle ; whence it is alfo popularly 
called the Quarter round. 

OUTW ATD Flanking Angle, or the Angle of the 
Tenaillc, Is that comprehended by the two flanking lines 
of defence. 

OUTWORKS, in Fortification, all tliofe work, 
made on the outfide of the ditch of a fortilicd place, to 
cover and defend it. 

Outworks, called alfo Advanced and Detaclicd Work?, 
arc thofe which not only ferve to cover the body of tfie 
place, but alfo to keep the enemy at a dillancc, and 
prevent them from taking advantage of the cavities and 
elevations ufuaily found in the places about the counler- 
fcarp j which might ferve them cither as lodgments, 01 
as lideaux, to facilitate the carryingon tiuir treiuhcr, 
and planting their batteries agaiiiR the pi tee. Such are 
ravelins, tenailles, hornworks, queue d’arondts, en\e- 
lopcs, and crown works. Of thefe, tlie moR ufual are 
ravelins, or halfmoons, formed between the two ba*'- 
tions, on tlie flanking angle of the counterfcaip, and 
before the curtain, to cover the gates and bridges. 

It is ft general rule in all Outworks, that it there be 
feveral of them, one before another, to cover one and 
the fame tenaille of a place, the ncaier ones muR gra- 
dually, and one after another, command thofe which 
are fariheft advanced out into the campagne ; that is, 
muR have higher ramparts, that fo they may overlook 
and fire upon the bcfiegeis, when they are inaReis of 
the more out ward, works. 

The gorges alfo of all Outworks fhouldbc plain, and 
without parapets ; IcR, when taken, they (hould ferve 
to fccuix: the befiegers againrt the fne of the retiring 
befiegedj whence the gorges of Outwoiks mtj only pal- 
lifadoed, to prevent a furprizc. 

OX-EYF, in Optics, bcc Scioptic, and Camu- 
BA Olfcura, 

OXGANG, or Ox GATH, of land, is uliially taken 
for IS acies ; being as much land as it is Tuppofed mie 
ox can plow in a year. In Lincolnfliire they Rill cur- 
uiplly c.dl it Oikin of land. — In Scotland, the term is 
ufed for a portion of arable land, containing 13 acre?. 

OXYGONE, in Geometry, is acute-angled, me-in- 
ing a figure confiding wholly of acute angles, or 
fuch as -are Icfs than 90 degrees each. — The term is 
chiefly applied to tiiangles, wheic the thtec angles aie 
all acute. 

OXYGONIAL, is acute-angular/ 

OZANAM (James), an eminent French mathema- 
tic lan, was delccnded from a family of Jcwilh extrac- 
tion, hut which had long been converts to the Rondth 
faith ; ami ibme of whom had held tonfideiabie pliH-cs 
in the parliaments of Provence. He was born at JWhg* 
neux in Btcilia, in the year 1640 } and being a young'- »■ 
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Ton, though his father had a good cHat^, it was thought 
proper to breed him to the church, that he might enjoy 
lome fmall benefices which belonged to the family, to 
lerve as a provifion for him. Accordingly he ftudicd 
divinity four years ; but then, on the death of his fa* 
ther, he devoted himfelf entirely to the mathematics, 
to wliich he had always been ftrongly attached. Some 
niaihcniatical books, tvhich fell into his hands, firll ex- 
cited liis curiofity; and by his extraordinary genius, 
without the aid of a mailer, he made fo great a progrefs, 
that at the age of 15 he wrote a treatife of that kind. 

Fora maintenance, he firll went to Lyons to teach 
tlic mathematics; which anfwercd very well there ; and 
after fume time his generous difpofition pnicured him 
jlill bettei fiicccfs cllcwhert\ Among his fcholars were 
two foreigners, who exprelTiiig their uncalinefs to him, 
at being difappointcd of (bme bills of exchange for a 
jourucy to Paris ; he afktd them how much would do, 
and being lold 50 piftdleg, he lent tliem the money im- 
mediately, even without their note for it. Upon their 
aiiival at Paris, mentioning this generous adion to M. 
DagiielTcaii, father of the chancellor^ this magilliate 
w:ib touched with it ; and engaged tlicin to invite 
0/,anam to Paiis, with a promife of his favour. The 
opportunity was eagerly embraced ; and the bufincfsof 
teaching the mathematics here foon brought him in a 
conlidtrable income : but he wanted prudence for fome 
time to make the bell ufe of it. He was young, hand- 
fomc, and fprlghtly ; and much addided both to gam- 
ing and gidlantry, which continually drained hispurfe. 
Among others, lie had a love intrigue with a w’otnan, 
who lodged in the fame houfe with him, and gave her- 
f(.lf out for a perfon of condition. However, this ex- 
pcncc in time led him to think of matrimony, and he 
foon after married a young woman without a fortune, 
bhe made amends for this defed however by her mo- 
ddly, viitue, and fweet temper; fo that though the 
Ih'iic of his puife was not amended, yet he had more 
home-felt enjoyment than before, being indeed com- 
pletely happy in her, as long as fiic lived. He had 
iv\tlve children by her, who moilly all died young; 
and he was lallly rendered quite unliappy by the death 
of hisw'ife alfo, wliicli happened in i ^Oi. Neither did 
tins misfortune come fin^e: for the war breaking out 
about the fame time, on account of the Spanilh fuc- 
ccihon, it fwept aw'ayallhis fcholaiu, w'ho, being fo- 
reigners, were obliged to leave Paris. Thus lie funk 
into a very melancholy ft ate; under which however he 
received fomtf relief, and amwfcment, from the honour 
of being admitted this fame year an clevc of the Royal 
Academy of Sciences, 

He feems to havemad a pre-fentiment of hit death, 
from fome lurking difordcr wichin, of which no outward 
fymptoms appeared. In that perfuafion he refufed to 
engage with fome foreign noblemen, who offered to be- 
<'oine his fcliolars ; alleging that he Ihoiild not live long 
tiiough to carry tliem throflgji their intended courfe. 
Accordingly he was feized foon after with an apoplexy, 
which terminated bis exillence in Icfs than tw'o hours, 
on the 3d of Aj^il 1717, at 77 yeara^jf age* 


Ozanam was of a mild and calm difpofition, a cheai^ 
fill and pleafant temper, endeared by a gciicrofity al- 
moft unparalleled. His manners were irreproachable 
after marriage ; and he was fincerely pious, and zet- 
loufly devout, though ftiidioufly avoiding to meddle hi 
theological qiicftions. He iifcd to fay, that it was the 
bufincls of the Sorbonne to difeufs, of the pope to de- 
cide, and of a mathematician 19 go ftraight to heaven 
in a perpendicular Hue. He wTote a great number of 
ufeful books ; a lift of which is as follows : 

1. A treatife of Praftical Geometry ; izmo, t 694 . 

2. Tables of Sines, Tangents and Secants ; with a 
treatife of Trigonometry ; 8vo, 168^, 

3. A treatife of Lines of the Fnft Older; of the 
Conftruftion of Equations; and of Geometric Lines, 
&o; 4.to, 1687. 

4. The Ufe of the CompafTes of Proportion, 8 cc 3 
w’lth a treatife on the Divifion of I.ands ; 8vo, 168K, 

All Univerfal Iiiftrument for readily rcfolving 
Geometrical Problems without calculation ; izmo, 
1688. 

6. A Mathematical Didionary ; 4to, j 690, 

7. A General Method for drawing Dials, 5 cc ; izmo, 
1693. 

8. A Courfe of Mathematics, m 5 volumcR, 8vq, 

9. A treatife on Fortification, Ancient and Modern ; 
4to, 1693. 

10. Mathematical and Philofophical Recreations ; 
2 vols 8vo, 1694; and again with additions in 4 vols, 
1724. 

11. New Treatife on Trigonometry; i2mo,.i699. 

12. Surveying, and mcafuimg all forts of Artificers 
Works; 1 2 mo, 1699. 

13. New Elements of Algebra ; 2 vols 8ro, 1702. 

14. Tbeoiyand Pradiceof Perfpedive; 8vo, 2711* 

15. Treatife of Cofmography and Geogiaphy ; Svo> 
1711. 

16. Euclid’s Elements, by De Chalcs, corre£lcd and 
enlarged; iimo, 1709. 

17. Boulanger^s Pi adtical Geometry enlarged, See ; 
i2mo, 1691. 

18. Boulanger’s treatife on the Sphere corrcdlcd and 
enlarged; izmo, 

Ozanam has alfo the following pieces in the yonmal 
(Us S^avans : viz, (i), Deraonftration of this theorem, 
that neither, the Sum nor the Difference of two Fourth 
Powers, can be a Fourth Power ; Journal of May 1680., 
—(2), Anfwer to a Problem propofed by M. Coniiers ; 
Journal of Nov. 17, it)8i. — (3), Demon ftration of a 
Problem concerning Falfe and Imaginary Roots ; Jour- 
nal of April 2 and g, 1685. — (4), Method of finding 
in Numbers the Cubic and Mirfolid Roots of a Binomial 
when it has one ; Journal of April 9, 1691* 

Allb in the Mmoires dt Tvevoux^ of December 1703, 
he has this piece, viz, Anfwer to certain articles of Ob- 
jedlion to the firft part of his Algebra. 

Andlaftly, in tne Memoirs' of the Academy of Sci- 
ences, of 1 707, be has Obfervations on a Problem of 
Sphcru;al Trigonometry. 
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P AGAN ^Blaise Francois Cornte de), an 
finmcnt Irciich mutlitmatician and cii^intTr, was 
born at Avl|(non in Provence, 1604; and took to the 
profclFion oi a foldicr at 14 years of age.* In 1620 he 
was employed at the fiege of Caen, in the battle of 
Pont de Cc, and the reduftion of the Navareins, and 
the veil of Bearn; where he fignalized himfelf, and ac- 
quired H reputation far above his years. He was pre- 
lent, in 1621, at the fiege of St. John d'Angeli, asal- 
fo that of Clarac and Montauban, where he loll an eye 
by a mufliet-lhot. After tliis time, there happened 
neither liege, battle, nor any other occafion, in which 
he did not ligualizc liimfelf by hjme effort of courage 
and conduct. At the pafl'age (/f the Alps, and the 
barricade of Suza, he put hiinfelf at the head of tlie 
Forlorn Hope, compoUd of thcbravcil youths among 
the guards ; and undertook to arrive the fit 11 at the at- 
tack, 1)V a private way which was extremely dangerous; 
when, having gained the top of a very ileep mountain, 
lie cried out to his followers, ** There lies the way to 
glory I** Upon vs’hich, Hiding along this mountain, 
they came firlt to the attack ; wdien immediately com- 
mencing a furious onfet, and tiie army coming to their 
afltllance, they forced the barricades. When the king 
laid fiege to Nancy in 1633, Pagan attended him, in 
drawing the lines and forts of circumvallation.*— -In 
1 642 he was fent to the fervice in Portugal, as field- 
marflial ; and the fame year he unfortunately loll the 
fight of his other eye by adillemper, and thus became 
totally blind. 

But though he was thus prevented from ferving his 
country w ith his condu£l and courage in the Held, he 
refumed the vigorous (lady of fortification and the ma- 
thematics ; and in 1645 gave the public a tieatife 
on the former fubje6l, which was eileemed the bell ex- 
tant. — In 1651 he publifhed his Geomttrkal Theorems ^ 
which (hewed an exteiifive and critical knowledge of 
his fub)c6l.— In 1655 printed a Paraphrafe of toe Ac- 
count of the RItct of Ama%ons^ by father dc Rennes ; 
and, though blind, it is (aid he drew the chart of the 
river and 3ie adjacent parts of the country, as in that 
work. — In 1657 he publiflicd The Theory of the Pla- 
nets f cleared from that multiplicity of eccentric cycles 
and epicycles, which the aftronomevs had invented to 
explain their motions. This work diftinguidied him 
among aftronomers at much as that of Fortification had 
among engineers. And in 1658 he printed \mAJlro- 
numical Tablet^ which are plain and fucciiiA. 

Few great men arc without fome foible : Pagan’s was 
that of a prejudice in favour of judicial aftrology ; and 
though he is more referved than mod others on that 
head, yet we cannot place w hat he did on that fubje^ 
4 


among thofe produdions which do honour to his un- 
derftanding. He was beloved and refpeCted by all per- 
fons illuflrious for rank as well as fcience ; and his lioufc 
was the rendezvous of all the polite and learned both in 
city and court. — He died at Paris, univerfally regiet- 
ted, Nov. iB, 1665. 

Pagan had an univerfal genius ; and, having turned 
his attention chief^ to the art of w ar, and particularly 
to the branch of Fortification, he made extraordinary 
progrefs and improvements in it. He underilood ma- 
thematics not only better than is ufual fora gentleman 
w'hofc view is to pufii his fortune in the army, but even 
to a degree of perfeftion fuperior to tliat of the ordi- 
nary mailers who teach that fcience. He had fo par- 
.ticular a genius for this kind of learning, that he ac- 
quired it more readily by meditation than by reading 
authors upon it ; and accordingly he fpent Icfs time in 
fuch books than he did in tho(e of hiilory and geogni- 
phy. He had alfo made morality and politics his par- 
ticular ftudy ; fo that he may be faid to have drawn 
his own charafter in his Homme Hero'ique, and to have 
been one of the completell gentlemen of his time. — > 
Having never married, tl at branch of hij family, which 
removed from Naples to France in 1552, became extin*!:!: 
in his perfon, 

PALILICUM, the fame as Aldebaran, a fixed ftar 
of the firll magnitude, in the eye of the Bull, or fign 
Taurus. 

PAITSADES, or Palisadoes, in Fortification, 
(lakes or fmall piles driven into the ground, in various 
fituations, as fome defence againd the fnrprize of an 
enemy. Tliey arc ufually about (5 or 7 inches fquare, 
and 9 or 10 feet long, driven about 3 feet into the 
ground, and 6 inches apart from each other, being 
braced together by pieces nailed acrofs them near llie 
tops ; and fecured by thick polls at the diftance of 
every 4 or 5 yards. 

Palisades arc placed in the covert-way, parallel to 
and at 3 feet dillance from the parapet or "ridge of the 
glacis, to fecure it againft a furprizc. They are alfo 
ufed to fortify the avenues of open forts, gorges, half- 
moons, the bottoms of ditches, tffe parapets of covert- 
ways ; and in general all places liable to furprize, and 
eafy of accefs, 

Palisadoes are ufually jplantcd perpendicularly; 
though fome make an angle inclining out towards the 
enemy, that the ropes caft over them, to tear them «p» 
may flip. 

JPALLADIO (Andrew), a celebrated Italian ar- 
chited in the i6th century, was a native of Vicenza in 
Lombardy, and the difeij^e of Triflin, a learned man, 
who was a Patrician, or Roman nobleman, of the (ame 

towa 
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town of Vicenza. Palladio was one of tliofe, who la- 
boured particularly to^reftore the ancient beauties of 
architc(^^ure, and contributed greatly to revive a true 
,tafte in that art. Having learned the principles of it, he 
went to Rome ; where, applying himfelf with great di- 
ligence to ftudy the ancient monuments, he entered into 
the fpirit of their architeds, and poflefted himfelf with 
all their beautiful ideas. This enabled him to reft ore 
their rules, which had been corrupted by the baiba- 
rouo Goths. He made cxa£l drawings of the princi- 
pal works of antiquity which were to be met w’itli at 
Rome ; to which he added CommtntartfSy w'hich went 
tliKuigh fcveral impreflions, with the figures. This, 
tliough a very ufeful work, yet is greatly exceeded by 
the finir books of architeilure, which he publifhed in 
1 570. The laft book treats of the Roman temples, and 
is executed in fuch a manner, as gives him the preference 
to nil his prtdtccirors upon that fubjc£t. It wastranf- 
hited into French by Roland Friatt, and into Englifti 
by fcveial authors. Itu'go Jones WTOte fonie excellent 
reinaiks upon it, which were publifhtd in an edition 
of Palladio by Leuni, 1742, in 2 volumes folio. 

l^ALLETS, in Clock and Watch Work, are thofe 
pieces oi levers which are conncdled wjtli the pendu- 
liiin or balance, and receive the immediate impulfe of 
the fwiiig-whcel, or balancc-w'hcel, fo as to maintain 
tlu \ibralion8 of the pendulum in clocks, and of the 
balance in watches. — The Pallets in all the ordinary 
eoiirtuidlons of clocks and watches, are formed on the 
Mi ge or axis of the pendulum or balance, and are of 
vaiicnis lengths and ftiapes, according to the conihuc- 
tion of the piece, or the fancy of the artill. 

PALLIFICATION, or Piling, in Architcaure, 
denotes the piling of the ground-work, or the llrength- 
eiiing it with piles, or timber driven into the ground ; 
\Nhieli is pracitifed when buildings are creaed upon a 
mold or marlhv foil. 

PALLISADES. See Palisades. 

PALM, an ancient long meafurc, taken from the 
extent of the hand. 

'idle Roman Palm was of two kinds; the great 
I’alm, taken From the length of the hand, anfwcrcd 
to our fpan, and contained 12 fingers, digits, or finders 
breadths, or 9 Roman inches, equal to about 8^ Eng- 
lilh inclies. The fmall Palm, taken from the breadth 
of the hand, contained 4 digits or fingers, equal to 
about 3 Englifii inches, 

'Phe Greek Palm, or Doronj^was alfo of two kinds.- 
The fmall contained 4 fingers, equal to little more 
than 3 inches. The great Palm contained 5 fingei s. 
Phe Greek double Ps£n, called Dichas, contained alfo 
in proportion. ^ - 

The Modern Palm ia different in different places 
where it is ufed. It contains, 

loc ’Unes 

At Rome - 

At Naples, according to Riccioli, ^ ® 

Ditto, according to Others, - ^7 

At. Genoa - . - 9 9 

At Morocco and Fez - - 7 * 

Languedoc, and fome (Kher parts of France, 9 9 

The- Enghfh Palm is - ' • 3 ° 

PALM.SUNDAY> the M Sunday in Lent, or 


th« Sunday nest before Eafter Day. So called, from 
the pnmitivc days, on account of a pious cerviuouy 
then in ufc, of bcaiing Palms, in mcmoiy of I be 
triumphant entiy of Jefus Cbriil Into Jerufalcm, eight 
days before the feall of the palTover. 

PAPPUS, a very eminent Greek mathcm?tici.m of 
Alexandria towards the latter part of the 4th ctntury, , 
particularly mentioned by Suidas, who fays he flourifticil 
under the emperor Theodofn is the Great, who reigned 
from the year 379 to 395 of ChrilL His writings 
(hew liim to have been a confummate matbeuuilician. 
Many of bis works are loll, or at kali have not yet 
been difeovered. Suidas mentions fcveral of bis works, 
as alfo Vollfus de Srientlis Maihewattciy, Tlit* principal 
of thefe are, his Mnfhefnatkal CoflitTinns^ in H booko, 
the firll and part of the fecond being loll. He wrote 
alfo a Commentary upon Ptolomf s Ahna^jl ; an Uiiivtr> 
fal ChorograpJy ; A Deftr ipnon of the R was of Libya ; 
A Trcatife of Mihtary Engines ; Commentaries uton 
AriJIitrebus of Sawrs, cancerning the Magnitude and iJf- 
Uiiice of the Sun and Moon ; See. Of thtfe, there have 
been publllhed, The Mathematical Collcdliona, in a 
Latin tranflation, with a large Commentary, by Com- 
mandine, in folio, a fecond edition of the 

fame in 1660. In 1644, Merfenne exhibited a kind 
of abridgment of tlicm in bis Synopfia Matlicmatica, 
in 4to ; but this contains only fuch propolitioiu. na 
could be undeillood without figures. In 1655:, Mei- 
bomius gave fome of the Lemmata of the ytli book, 
in his Dialogue upon Proportions. In 1688, Dr. Wallia 
printed the Tall 12 propofitions of the 2d book, at ibc 
end of his Ariftatchus Samins. In 1703, Dr. Da\id 
Gregory gave part of the preface of the 7th book, in 
the Prolegomena to' his Euclid. And in 1706, Dr. 
Halley gave that Preface entire, in the beginning of his 
Apollonius. 

As the ♦contents of the principal work, the Mathe- 
matical Colledions, arc exceedingly curious, and no 
account of them having cvci appeared in Englilh, 1 
lhall here give a very brief analyfis of thofe books, 
cxtrai^ed from my notes upon this autlior. 

Of il'c Third Book — The fubjedH of llie third book 
confill chielly of three principal piobkmsj for the folu- 
tion of which, a great many other problems arc refolvi d, 
and theorems demonftrated. 7 'he lirll of lliefe thrte 
problems is, To find Two Mean Proportionals between 
two given lines — The 2d problem is, To find, what 
are called, thi-cc Mcdklatts in a fem ciicle ; wheic, by 
a Medietas is meant a fet of three lines in conti'iutd 
proportion, wdielher arithnutical, or ,gconHtrical, ()r 
haiinonical ; fo that to find three mcdictates, Ic to find 
an arithmetical, a geometrical, and an harmonica) fit 
of three teims^eacb. And the' third problem L, Fiom 
fome points in the bafe of a tjiangle, to draw two lines 
to meet in a point within the triangle, (0 that tlieir 
fum ftialj be greater tlian llu; fum of the other two fides 
which arc without them. A great many curious prOi^(.T- 
ties arc premifed to each of thefe problems ; then their 
iblutions are givcu according to the methods of fevcral 
ancient mathematicians^ with an, hiftorkal ^Cqoilnt of 
them, and his own dcnionflrationsj and laftly,; their 
applications to various matters, of gttatjmjjcrtancc 
In his’ hiltorical anecdote, many , curious thin^ afc' 
preferved concerning mathematicians that- wereanciertt^ 
B b 2 c\cn 
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tvcn Jtt. iiis tlmC| which we fhould clhe^wifc have 

known nothing at all about. 

In ordtT to the folution of the firll of the three 
problems above mentioned, he begins by premiling four 
general theorems coneeni ing proportions. Then fol- 
lows a differtation on the nattu c and divifion of pro- 
blems by the Aiieierits, into Plane, Solid, and J.ineai^ 
with examples of tliein, taken out of the writings oi 
Eratofthent's, Philo, and Heio, A folmfon i.» then 
given to the problem concerning t.vo mean propoition- 
ah, by four (lift'erent ways nmnely according to Era- 
tollhcMcs, hJicoincdes, Hero, and after a way of bis 
cvvn, in which not only doubles tlie cube, but alio 
finds another cube in any propoition whatever to a 
given cube. 

For the folution of the feennd problem, be lays down 
very curious definitions and properties of medktates of 
all ibrts, and (hews how to find them all in a great va- 
riety of cafes, both as to w'hat the Ancients had done in 
them, and what was done by others whom he calls 
the Moderns. Medietas feeins to have been a general 
term invented to exprefa three lines, having either an 
arithmetical, or a geometrical, or an barmonical rela- 
tion ; for the words proportion (or ratio), and ana- 
logy (or fimilar propoitiona), are rtflri6Icd to a geo* 
metrical relation ordy. But he Ihcws how all the m'e- 
dietates may be cxpreflTed by analogies. 

The folution of the problem leads Pappus out 
into the confidcration of a number of admirable and 
fcemingly paradoxical problems, cortcerning the index- 
ing of .lines to a point within triangles, quadrangles, 
and other figures, the fum of which (half exceed the 
lum of the furrounding exterior lines. 

Finally, a number of other problems are added, con- 
cerning the infeription of all the regular bodies within 
a fphere. The whole being cfTeXed in a very general 
and pure mathematical way; making all together 58 
propofitiona, viz, 4.4 problems and 14 theorems. 

Of the 4/A Book of Pappus,--- In the 4tli book 
at^ firfl premifed a number of theorems rdating to tiv 
angles, parallelograms, circles, with lines in and about 
circles, and the tangtndcs of various cinilcs ; all pre- 
paratory to this curious and general problem, viz, rela»- 
iivc to an infinite feries of circles inferibed in the (pace, 
called arhelon, contained between the circurn- 

ifcrences of two circles touching inwaidlv. Where it is 
fiiewn, that if the infinite feries of circles be inferibed 
in the manner of thw firll figure, where three femicirclcs 
iace dcfcrlhedL on the lines PR| FQ^> 



t&t |>^rpc&dicuknt As Bk, Cr» Sccp let fall from 
tkrotnttci otthk Ibka of inicribed> circlet i then the 


property of thefe perpendiculars is this, viz, tli*t tise 
lir& perpendicular As ia equal to the diameter dr 
double the radius of the circle A ; the fecond perpes* 
dicular Bh equal to double the diameter or ^ ttmei 
the radius ot the fecond circle B; the third per- 
pendicular Cr equal to 3 times the diameter or 6 
times the radius of the third circle C ; and fo on, tlw 
feries of perpcndiculais being to the feries of the dia- 
meters,, as I, 2 , 3> 4) SiCyto 1 , 

or to the feries of radii,, as 2, 4, 6, 8,.^Cr to i. 

But if tlic feveral fmall circles be inlcribed in the 



manner of this fecond circle, the firft circle of the fe- 
ries touching the part of the line Q^Il p then the feries 
of pcrpcndiculais Art, Cr, ScCy will be i, 3, 5, 7, 
&c, times the radii of the circles A, B, C, 1 ), &c; 
viz, according to tlw feries of odd numbers ; the former 
proceeding by the feries of even numbers. ^ 

He next treats of the Helix, or Spiral, propofed by 
Conon, and refolvcd by Archimedes, demoidlrating its 
principal properties : in the demonftratiop of fomc of 
which, he makes ufe of Ihe fame principles as Cavalle- 
riusdid lately, adding together an infinite number of in- 
finitely fiiort parallelograms and cylincltrs, which he ima- 
gines a tjiangle and cone to be compofetl of.-— He next 
treats of the properties of the Conchoid which Nico- 
medcs invented for doubling the cube ; applying it to 
the folution of certain problems concerning Inclina^ 
tions, with the finding of two mean proportionals, and 
cubes in any proportion whatever. — Then of tlie 
TiTpyw>ifoi/cr«, or ^adratrix, fo called from its ufe 
in iquaring the circle, foi' which purpofe it was invented 
and employed by Hinoftratus, Nicomedcs, and oth.crs : 

• the ufe of w'hich however he blames, as it requires 
pollulates eqirlly hard to be granted, as the problem 
itfelf to be demonftr^ted by it.— -Next he treats of 
Spirals, deferibed on planes, and on the convex furfeccs 
of various bodies. — From another prablem, conceriwng 
Inclinations, he there (hews,, how to trifeX a gi^n 
angle ; to deferibe an hyperbola, to two given afymp- 
totes, and palfing through a given point; to divide a 
given arc or angle in any given ratio ; to cut off area 
of equal lengths from unequal circles; to take arcs 
and angles in any proportion, and arcs e^al to right 
lines } with parabolic and hyperbolic loci, which Xdt 
is one of the inclinations of Archimedes* 

^ /he j/h Booh of This book opens, with 

refleXions on the different natures of men ai^ bn^csit 
the former aXing by rehfbn and demon&ration, tl^ 
latter by inftinX, yet fome of them tvith a certain 
portion of reafen or forefight^ as bees, in the curiohs 
ftruXuit of thclp qtD^vwhjcfc, ke’ohfiervci are olTiUcb 

a fbnn^ 
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% forth as to complete the fpace quite aroutul a pomt, 
yet require the Icaft materials to build tficm, to 
contain the fame quantity of honey. He fhews that 
the triangle, fquare, and hexagon, are ‘the only regu- 
l;»r polygons capable of filling the whole fpacc round a 
point ; and remarks that the bees havccholen the fittell 
ol thefe ; proving afterwards, in the propofitions, that 
of all regular figures of the fame perimeter, that is of 
the largfft capacity which has the greateft number of 
(ides or angles, and confeqHently that the circle is the 
inoH capxcious of aH figures whatever. 

And thus he finifhes this curious book on Ifopcri- 
riHtiiciI figures, both plane and folid ; in which many 
ennous and important properties arc flrictly demon- 
jhated, both of planes and folids, fome of them being 
old 111 hi\ time, and many new ones of his own. In 
la A, it herns he has here brought together into this 
book, all the properties relating to ifopciimctrical 
figures then known, and their different degiees ol ca» 
paihy. In the lafl theorem of the book, he has a dif- 
fertaiion to fiiew, that there can be no more regular 
bodies beficic the five Platonic ones, or, that only the 
icguhr triangles, fquares, and pentagons, will form re- 
giilai folid angles. 

Of thf Gih Book of Pappus. — In this book he treats 
of cer tain fjiheiical properties, which had been either 
ncgitificd, or improperly and imperfe^iriy treated 

by fome celebrated authors before his time. 

Such are fome things in the 3d book of Theodofius's 
S’ her 1 ?s, and in his book on Days and Nights, as alfo 
lorne in Kuclid’s Phc*nomena. For the fake of tlicfe, 
he preinifes and intermixes many curious geometrical 
prcqKTties, efpecially of circles of the fphere, and fphe- 
ric.d tiiangles. He adverts to fome curious cafes of 
Variable ipiantities y fficwing how fome Increafe and de* 
creafe both ways to infinity j while others proceed 
•inly one way by increafe or decreafe, to infinity, and 
the other way to a certain magnitude} and others 
again both ways to a certain magnitude, giving a maxi- 
mum and minimum. — Here are alfo forne curious jprO- 
j crti(.3 concerning the perfpedive of tire circles of the 
fphere, and of other lines. Alfo the locus is deter- 
mined of all the points from whence a circle may be 
viewed, fo as to appear an ellipfc, whofe centre is a 
pven point within the circle ; which locus is ffiewn to 
be a fernicircle palfing through that point. 

Of the yih Bgok of Pappus. — In the introdu£lion to 
this book, he deferioes very particularly the nature of 
the mathematical eompofition and refolution of the 
Ancients, diffinguilhing the partiailar procefs and ufes 
of them, in the demonuration of theorems and folution 
of problems. He then enumerates all the analytical 
books of the Ancients, or thofe proceeding by refo- 
lution, which he does in the following order, viz, 
Euclid’s Data, in one book : xd, Apollonius's Sec- 
tion of a Ratio, x books jd, his SeAion of a Space, 
2 books ; 4th, his Tangencics, 2 books ; 5th, Euclid's 
Porifms, 3 books ; oth, ApoHonius’s Inclinations,. 
2 books: 7th, bit Plane Loct, 2 books: 8tb, hi^ 
v^omc^g books : 9th, Ariftaeut’s SoHd Loev 5 books : 
toth, Euclid's Loci in Superfufies, 1 books}’ suid 1 ub,. 
^^ftheneg’s Medietattf, ^ books^ So that all the 
K 3*» or <ontentf of whicR 

“ exhibitt, the Mmhtr ©f the Loci, dcteraunai. 


tiona, and cafes, S^c\ tvifh a multitude of lemmas and 
propitious laid dowm and dcmonffrated ; the whole 
making 238 propofitions, of the moll curious goo- 
rmitricai J>rinciplc8 and properlits, relating to thofe 
books. 

Of the %th Bisoi of Pappus . — The 8th book is alto- 
gether on Mechanics. It opens with a gciKial oration 
on the fubjcC^ of mechanics ; defining the f:*. cnee,' enu- 
merating the different kinds and briinclu's ot' it, and 
giving an account of the chief authois and writings 
on it. After an account of the centre of gj.ivity, upon 
which the feience of mechanics fo greatly depends, he 
fficws in the firll propolition, that inch a point i tally 
cxills in all bodies. of the following propoli- 

tlons are alfo conctiaing the proptitits of the ctiUic 
of gravity. Ht next comes to the liK-lincd Plane, and 
in prop. 9, Ihcws what power will draw a given weight up 
a given inclined plane, wdien the power is given which 
can draw the w’ciglit along a luni^.jntal plane. In tho 
loth prop, concerning the moving a given weight 
with a given power, he treats of what the Ancients 
called a Glofiucomum, wiiich is notinng more than a 
feries of Whceb-and-axles, hi any pioportions, turning 
each other, till we arrive at the given power. In this 
propofition, as well as in fcvcral other plates, he icfcri 
to fome books tint are now loll ; as Archimedes on 
the B.dance, and the Mechanics of Hero and of Philo. 
Then, from prop, ii to prop, r 9, treats on various 
mifccUancous things, as, the orgam’cal conlliudion of 
folid problems ; the diminution of an aichitcdural co- 
lumn ; to deferibe an eJlipfe through five given points} 
to find the axes of an cllipfe organically ; to find alfo 
organically, the inclination of one plane to another, the 
ncareft point of a fphere to a plane, the points in a. 
fphcrical fuifacecut by lines joining certain points, and. 
to inferibe Icvcn hexagons in a given circle,. Prop. 
20, 21, 22, 23, teach how to conftrui'l and adapt the 
Tympani, or wheels of the GlofTocomUm to one ano- 
ther, ffic-wing the proportions of their diametets, the 
number of their teeth, &c. And prop. 24 flievvs how 
to conftrud the fpiral threads of a fenew. 

He comes then to the Five. Mechatucal Fvweny by 
•which n^lven weight Is moved by a given power, Ht here 
propofes briefly to fliew what has been fafd of thefe. 
powers by Hero and Philo, adding alio fome things of 
hie own. Their names arc, the Axis-inrjieritruehio,. 
the Lever, Pulley, Wedge and Screw.; and ho obferves,. 
thofe authors flicwcd bow they are all reduced to one 
principle, though their figures be- very dlfitrent. He 
then treats of each of tlufc powers feparately, giving 
their figures and properties, thdr conffriiaiou and 
ufes.' 

He next deferibes the manner of drawing vciy heavy 
weights along the ground, by the macliine Chelone,. 
whicli is a kind of fledge placed upon two- loofc roll- 
era, and drawn forward by any power w'hatevcr, a tbiird 
roller being always laid under the fore part of the Chc» 
lone, as one ol klie other two is quitud and left be- 
hind by the motion of the Chelone. In fa^ this iV 
the fame machine as has always buen employed, upon 
many occafibns.m* moring very great wcighis^to 
rate diil'ances. 

Finally, Fanpos dcfdribes the manner of raiflh^ ^eatt. 
weights to a neight by the combinatioa of mcchaniQ. 

powers,, 
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“pCiwcrs, ae by cranes, and other machines ; illuilrating 
Viiis, and the iornicr parts, by drawings of the machine 
that utc.aelcnbcd* 

I'AlOiiJOLA, in Gtoinctry, * figure arifing from 
tlic ieciiun ot a cone, wlicn cui liy parallel t„ 

one 01 itf. IjJcs, as Uie leCUon A]Jai parallel to tile fide 
Vl> ol tlie cone. HecCoNic iW/m,, nh^rc fowc ge- 
iicial pruputics arc given. ° 




Some other Proptrlies of the Parabola, 

T. rrom the fame point of a cone only one Parabola 
can be di*awn ; all the other f< ^tions between the Para- 
bola and the parallel fide of the cone being ellipfes, and 
all without tliem liyperl)ol:i8. Alfo the Rarabola has 
but one focus, through which the axis AC pafTts ; all 
the other diameters being parallel to this, and infinite 
in length alfo. 

2. The parameter of the axis is a third proportional 
to any abfeifs and its ordinate ; viz, AC : Cl) : : CD : p 
tlie parameter. And therefore if x denote any abfcils 
AC, and^ the ordinate CD, it will he x : y :: y :p 

•i— the parameter; or, by multiplying extremes and 

means, px = y*, which is the equation of the Para- 
bola. 

3. The focus F is the point in the axis wdiere the 
double ordinate GH is equal to the parameter. ITcrc- 
fore, in the equation of the curve px = ji*, taking 
p zz 2y, It becomes 2 yx = y^, or 2x rz y, that is 
2AF =. I'TI, or AF = [FH, or the focal diftance 
from a verux AF is equal to half the ordinate there, or 

.Ifpi o\ie fourth of the parameter. 

4. The abfciflTes of a Parabola are to one another, 
as the fquares of then correfponding ordinates. This 
is evident from the general equation of the curve 
px =y^t where,/ being conilant, .v is as y*. 

5. 'The line FE 2 above) drawn from the focus 
to any point of the curve, is equal to the fum of the 
focal diltancc and the abfeifs of the ordinate to that 
point } that is FE = FA + AD = GD, taking 
AG = AF =r Ip. Or EF is alwaj-s =: EO, drawn 
parallel to DG, to meet the perpendicular GO, called 
the Direi^fnx. 

6. if , a line TBC cut the <^ufve of a Parabola in 
two points, and the axi> prodd^ed in T, and BH 
and Cl, be ordinates at thoiii two points \ then is AT 
a mean' proportional between the ab&ifles AH and 
AI, or AT* t: AH . AF.— Ahd if'TE todch the 
cqrve, then is AT = AD = tbe- mean between AH 
and AI. 


7. If FE be drawn from the focus to the point of, 
contai^I of the tangent TE, and pc;«‘P<tndicular to 
the fame tangent ; then is FT = FE =:,FK ; and the 
fiibnormal DK, equal to the couftant quantity ,2AF 
or }/. 

8. Tlie diameter EL being parallel to the axis AK, 
tlie pcipendicular EK, to the curve or tangent at E, 
bifeds the angle LEE. And therefore ad rays of light 
LE, MN, &c, coming parallel to tlie axis, will be 
reficdcd into the point E, which is therefore called 
the focus, or burning point ; for the angle of incidence 
LEK is = the angle of rededion KEF, 

9. IflEK (next fy, hehw) beany line parallel to 
the axis, limited by the tangent TC and ordinate CKL 
to the point of contaft; then (liall IE ; EK : : CK 
: KL. And the fame thing holds tiue ulien CL is alfo 
in any oblique pofitioii. 



10. The extern.il parts of the parallels IE, TA, 
ON, PL, See, are always proportional to the fquares 
of their intercepted parts of the tangent ; that is, 
the external parts IE , TA , ON , PL , ^ 

are proportional to CD, CT* , COs CP*, 
or to the fqiiares CK% CD*, CM*, CL*. 

And as-this property is common to every pofition of 
the tangent, if the lines IE, TA, ON, &c, be ap- 
pended to the points I, T, O, &e, of the tangent, and 
moveable about them, and of fuch lengths as that their 
extremities E, A, N, See, be in the curve of a Parabola 
in any one pofition of the tangent ; then making the 
tangent revolve about the point C, the extremities 
E, A, N, SiC, will always form the curve of forae Pa- 
rabola, in every pofition of the tangent. 

The fame properties too that have been (hewn of the 
axis, and its abfeifies and ordinates, 3cc, are true of 
thofe of any other diameter. All which, befides many 
other curious properties of the Parabola, may be fccu 
demonllrated in my Treatife on Conic SeAions. 

11. To ConftruB a Parabola by Pomts, 

In the axis produced take AG = AF (Jajl fig, above) 
the focal diftance, and draw a number of lines EE, 
EE, &c, perpendicular to the axis AD ; then with 
the diftances &D, GD, &c, as radii, and the centre F, 
deferibe arcs croffing the parallel ordinates in E, E, &c. 
Then with a fteady hand, or by the fide of a flip of bent 
whaie-bone, draw the curve through all the points 
E, E, E, &c, 

12* To defer the a Parabola by d continued Jlifoiiati* 

If the rule or the dire^rtx BD be laid upon a plane, 
/d* bfhwj with the fquare GDO, in fuch inan- 
ner that one of its fidcs DG lies along the edge of ihat 
rule ; and if the thread FMO equal in length to DO, 
the other fide of the fquare, have one end nxed in the 
extremit;^ 0^ the Me at 0^ a^d the otW fod in fome 

point 
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point F : ’Then Aide the fide of the fquare DG alon^^ 
the rule BC, and at the fame time keep the thread 
continually tight by means of the pin M, with itipart 
MO clofc to the fide of the fquare DO ; fo (hall the 
curve AMX, which the pin deferibes by this motion, 
be one part -of a Parabola. 

And if the fquare be turned over, and moved on the 
otlier fide of the fixed point F, the other part of the 
fame Parabola AMZ will be deferibed. 



To draw Tangents to the Parabola* 

13. If ^^e point of conta<fl C be given : (bajl 
above) draw the ordinate CB, and produce the axis 
till AT be = AB ; then join TC, which will be the 


that is, cither (Px = or a^x rs or 4S = 

&c, . 

Some call thefc by the name of Paraboloids : and m 
paiticular, x^a^x they call it a Cubical Paraboloid; 

if a^Dc =zy^t they call it a Biquadrat ical Paraboloid, or 
a Surfolid Paraboloid. Inrefpeitof ihefc, the Parabola 
of the.Firlf Kind, above explained, they call the Apol- 
lonian, or Qwdfatic Parabola. 

Tliofc curves are alfo to be referred to Parabolas, that 

n- 1 n 

are exprefled by the prcneral equation ax = y * 
w’here the indices of the quantities on each fide are 
equal, as before ; and ihefe are called Semi* Parabolas : 
as ax^ = y^ the Semi Ciihical Parabola ; or ax^ = y'^ 
the Scmi-Biquadrutieal I’aiabohi; &c. 

They are all comprehended under the more general equa- 
m n m + n 

tion a X y , wheic the two indices on one 
fide are tlill equal to the index on the 'other fide uf 
the equation ; which include both the former kinds 
of equations, as well as iucli as thefe following ones, 
a*x* =y*t or aK\^ ^ y\ or &c. 

Carlefian Parabola, is a curve of the zd order 
expreffed by the equation 

xy = ax^ -f hx"^ -f e-v + d, 
containing four infinite legs, viz two liypeibolic onca 


tangent. 

14. Or if the point be given in the axis produced : 
Take AB =r AT, and draw the ordinate BC, which 
wilhgivc C the point of contad ; to which draw the Hue 
TC as before. 

15. If D he any other point, neither in the curve nor 
in the axis produced, through which the tangent is to 
pafs ; Draw DEG perpendicular to the axis, and take 
IIH a mean proportional between DE and DG, and 
draw HC parallel to the axis, fo (hall C be the point of 
contadl, through which and the given point D the tan- 
gent DCTis to be drawn. 

16. When the tangent is to make a given angle wirfi 
the ordinate at the point of contaft : Take the abfeifs 
A I equal to half the parameter, or to double the focal 
diflance, and draw the ordinate IE ; alfo draw AH to 
make with A 1 the angle HAl equal to the given angle; 
tlien draw HC parallel to the axis, and it will cut the 
curve in C the point of contadi, where a line drawn to 
make the given angle with CB will be the tangent re- 
quired. 

17. To find the Area of a Parabola, Multiply the 
bafe EG by the perpendicular height A I, and | of the 
produA will be the area of the fpace AEGA ; becaufe 
the Parabolic fpace is | of its circumfcribing parallelo- 
gram. 

iS. To find the Length of the Curve AC, commencing 
at the vertex.—Lety = the ordinate BC, p = the pa- 


rameter, j , and j = 1 + y* ; then fhall \p 

P 

X (j/ + hyp. log. of 7 + /) be the, length of the 
curve AC. 

Sec various other fules for the areas, and lengths of 
the curve, &c, in my Trcatife on Menfuration, fee. 6, 
pa. 355, kc, 2 d edition. 

Parabolas of the Higher Ktndt^ arc algebraic 
, - . ®*“* “ 

cunree, defiled by the gedem cquBtioo a x ^ y \ 



MM and Bw, to the common afymptote A E, tending 
contrary ways, and two Parabolic legs MN and I)N 
joining them, being Ne^vtords 66th Ipecies of lines of 
the 3d order, and called by him a Trident. It is made 
ufeof by Dcs Cartes in the 3d book of his Geome- 
try, for finding the roots of equations of 6 dimenfione, 
by means of its interfeftions with a circle. Its molt 
fimplc equation is = a? + g\ And points through 
which it is to pafs may be calily found by means of a 
common Parabola whofe abfdfs is ax"^ 4 * 

an hyperbola whofe abfeifs is i ; for ^ will be eqqal 

to the fum of difference of the correfponding ordinates 
of this Parabola and hyperbola. 

Des Cartes, in the place abovementioned, fhews how 
to deferibe this curve by a continued motion. And 
Mr. Maclaurin does the fame thing in a different way. 
In his Organlca Gcometria. 

Diverging Parabola, is a name given by Newton 
to a fj^cies of five different lines of the 3d order, ex- 
preiTed by the equation 

V* = ax^ 4 bx* + r X 4 

^ The 
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The firft is a bell-£orra with an /Jv^al at its 

head {fy, I.) ; which is the cafe when the equation 
o ss: 4- hx^ -f e;f 4* //> has tjirce real and unequal 

roots ; fo that one of the maft fimple equations of a 
-curve of this kind is py*' zr + sur* 4* 


Fig I. Fig. 2. 



The ad is alfo a beH-form Parabola, with a con- 
jugate point, or infinitely finall oval, at the head 
(fy. I.) ; being the cafe when the equation o == 
rtA 4- cx -y d has its two lefs roots equal ; the 

mod finiplc equation of which i8/j»* =c 4- nx*. 

The third is a Parabola, with two diverging legs, 
eroding one anotlier like a knot {fg, 2.) j which 
happens when the equation o ax^ + bx‘‘‘ 4- ca* 4- // 
has its two ^cater roots equal; the more fimpk equa- 
tion being py* iz JT^ 4* 

The fourth a pure bell-form Parabola {fg, 3.) ; 
being the cafe when 0 == ax^ 4- bx^ 4- ex 4- ^ has 
two imaginary’ roots j and its mod fimple equation is 

Py^ =. 4" or /ir* = + u*x. 

The fifth a Parabola with two diverging legs, form- 
ing at their meeting a cufp or double point 4) ; 
being the cafe when thtr equation 0 = ax* 4- ix* 4- cx 
4- rfiias three equal roots 5 fo that py^ z= x’ is the moll 
fimple equation of this curve, which indeed is the Semi- 
‘cubical, or Neiliaii Parabola. 

If a (olid generated by the rotation of a femi-cubi- 
cal Parabola, about its axis, be cut by a plane, each 
of thefe five Parabolas will be exhibited by its fe^’oni. 
For, when the cutting plane is oblique to the axis, but 
falls below it, the feftion is a diverging Parabola, with 
;in oval at its head. When oblique to the axis, but 
pades thiough the vertex, the fedlion is a diverging 
rambola, having an infiuitcly fmall oval at its head 
Wlicn the cutting is oblioue to the axis, falls below ij, 
andnt the fame time touches the curve fiirfacc of the 
folid, as vi'cll as cuts it, the fc^ion is a diverging Pa- 
rabola, with a nodus' or knot. When the cutting 
jdane falls above the vertex, either parallel or oblique 
to the axis, tlic fci 9 :ion is a pure diverging Porabma. 
And lallly when the cutting plane pafjes through the 
axis, the feftion is the fcmi-cubical Parabola from 
which the frdid w’as gmerated. 

PARABOLIC ^fympiotty is ufed for a Parabolic 
line approaching to a curve, fo that they never meet ; 
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yet by producing both h^finitdy, tbdr diftance from 
each other bteomea Icfs than any given line. 

There may be as many: difEercnt hint^ of thefe 
Afymptotes as there axe parabolaf of different orders. 
When a curve has a common parabola for its Afymp- 
tote,* the ratio of the fubtangent to the abicifs ap- 
proaclics continually to the ratio of > to i, when the 
axis of the parabola coincides ivith the bafe ; but this 
ratio of the fubtangent to 1 1> ubfcifs approaches to 
that of I to 2, when the axis is p.rpfjidicular to the 
bafe. And by obferving the limit tr. which the ratio 
of the fubtangent and ubfeifs approarhe^’, Parabolic 
Afymptotes of various kinds may be difco\crcd. See 
Maclaurin's Fluxions, art. 337. 

Parabolic Conoid^ is a lolid generated by the rota- 
tion of a parabola about its axis. 

This folid is equal to half its circiimfcrlbed cylinder; 
and theiefore if the bafe be inultipHcJ by the height, 
half the produdl will be the folid con Lein. 

T'o Jifid the Curi'e Surface of a P ariilnlo'uL 

Let BAD be the generating parabola, AC ~ 
AT, and BT a Uugent at B. 

Put p =. 3*1416, y = BC, A — AC 
rr AT, and t = BT =: s/ 4a^ -j^y* > 
then is the curve furface^ Jqy X 

+ / 

See various other rules and geo- ^ 

metrical conftrudlions for tlie fur- 
faces and folldities of Parabolic Conoids, in my Men- 
furation, part 3, fed. 6, 2d edition. 

Parabolic PyramtdouU is a folid figure thus named 
by Dr. Wallis, fiom its genefis, or formation, which 
is thus ; Let all the fquares of the ordinates of a para- 
bola be conceived to be fo placed, that the axis fliaJl 
pafs perpendicularly through all their centres ; then the 
of planes will form the Parabolic 

Pyramidoid. 

This figure is equal to half its circumfcribcd parallc- 
lopipedon. And therefore the folid content is found 
by muliiplyiag the bafe by the altitude, and taking 
half the produd; or the one of tliefc by half the 
other. 

Parabolic Space^ is the fpacc or area included by 
the curve line and bafe or double ordinate of the para- 
bola. The area of this fpacc, it has been (hewn under 
the article Parabola, is ] of its circumferibed parallelo- 
gram ; which is its quadrature, and which was firll found 
out by Ardiimcdes, though fome fay by Pythagoras. 

Parabolic Spindle^ is a folid figure conceived to be 
formed by the rotation of a parabola about its bafe or 
double ordinate. 

This folid is cqtial to -fr of its circumferibed cylin- 
der. See my Mcnfuralion, prob. 15, pa. 390, &c, 
2d edition. 

Parabolic Spiral. See Hblicoijb Parabola. 

Paraboliform C«rw/, a name fomctimes given to 
the parabolas of the higher orders. 

rARA^QLOIDES, Parabolas of the higher 
prders.— The equation all curves of this 

m— n a m 

kind being a x r= y , the proportion of the 
area of any one to the complement of it to the cir- 
cumferibing paraHelognuDi wlM be as m to n. 

,PARA- 
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- 1[^ARACEN*SRIC denote? the ’fp(t€<! hf 
which a revdvm^ planW ilpjj^oaches nearer to, ot rei 
cedes farther frhm^ 'thc»Ttift, or-eentre of attraftion* v- 
Thus, if a pfeiiWf ill ;^A'l>hdTe tO'vards B; then m 
SB — SA sE the Rara'eentric' motion of that pla- 
■net ; where S is the place of the fun. 



PARAcrNTRic SuriciUitlon of Qrnv'ityy is the fame as 
tlu’ Vis Centri[jcla ; and is cxprcfled by the line 
AL drawn fiotn tl\e point A, paralhl to the ray SB 
(infinitely near SA), till it interfc<ft the tangent BL. 

PARALLACTIC called alfo limply Paral- 
lax, is the angle EST {lajl Jig, ahqvc) made at the 
centre of a liar, Sfc, by tw o lines, drawn, the one from 
the centre of the earth at T, and the other from its 
fill face at E. — Or, which amounts to the fame thing, 
tlie Parallactic angle, is the difference 'of the two angles 
CEA and BTA, tmder which the real and apparent 
diflances from the zenith arc feen. 

The fines of the ParallaCtic angles ELT, EST, at 
the fame or equal diftances DS from the' zenith, are 
in the reciprocal ratio of the diftances, TL, and TS> 
from the centre of the earth, 

PARALLAX, is an arch of the heavens intercepted 
between the true place of a ftar, and its apparent 
place. 

The true place of a ftw S, is that point of the 
heavens B, in which it .would be feen by art eye placed 
in the centre of the earth at And the apparent 
place, is that point of. the heavens C, where a ftar ap- 
pears to an eye upon the furfaqe of the earth at E. 

This difference of ^ecs, is what is called abfolutcly 
the Parallax, or the Parallax of Altitude ; which Co- 
pernicus calls the Commutation ; and which there- 
fore is an angle foryned by two vifual rays, drawm, 
the one from the centre, the other from the circum- 
ference of the earth, and trav^rfing the body of the 
Aar ; being meafured by an ‘arch of a great circle in- 
tercepted between the two pdii^ts dlT true and appa- 
rent place, B and C. 

The Parallax of Altitude ,CB is pfropcrly the dif- 
ference between the true dillance from the zenith AB, 
the apparent dillance AC. Hence the Parallax 
diminifhes the altitude of a ftar, or increafes Its dif- 
tance from the zenith ; and it has therefore a con- 
trary effed to the refra^'on. 

The Parallax is greateft in the horizon, called the 
Horizontal FaHiltax EIHr. From hence it decrcafes 
all the way to the zenith D or A, where it is nothing ; 
•he real and apparent places there coinciding. 

VoL.ll, 


'^e- Horltofttal ParaHax it the lame; whether .tlic 
ftar b«'hv the t Ate or apparent horizon. 

Tkc fitted ftars haVe no ftnfiblc Parallax,, by reafoii 
of their - inmtenfe diftance, which the femidiameter 
of the eaith is but a mci*e point. 

' Hence alfo, the nearer a ftar is to the earth, the 
greater is its Parallax ; and on the contrary, the farther 
u is off^ the lefs is the Parallax, at an equal elevation 
above the horizon. So the ftar at S has a lefs Paral- 
lax than the ftar at I. Saturn is fo high, that it js 
difficult to obferve in him any Parallax at all. 

Pnrallax increafes the right and oblique afethfion, and 
diminifiics the defeenfioa ; it diminifiics the northern 
declination -and latitude in the eaftem part, and in- 
creafes them in the w'cfterrr ; but it increafes the fouthern 
declination in the eaftern.and weftern part ; it dimi- 
nilhes the longitude in the wefteni part, and increafes 
it in the eaftern. Parallax therefore has juft oppolitc 
cffctls to rcfra^lion. 

The dodrinc of Parallaxes is of the greateft import- 
ance, in allronomy> for determining the diftances of 
the planets, comcM, 'and other phenomena of the 
heavens; for the calcuLition of cclipfei, and for finding 
the longitude. - 





Parallax of Right Afrenfwn and pefeen/ioHy ill a A 
arch of the Equinoiftial Ddy by wbicK the Parallax of 
altitude* increafes the afccnfion, and diminifiics the dc- 
feenfion. ' 

Paralla^x Dectinalion,, is an ^rch of a circle of 
declination rJ, by which the Parallax of altitude in- 
creafes or diminifnes the declinati*on of a ftarw 
Parallax of Lathudey is an arefi of a circle of 
Iatit6dbSf,'by which thc’Parallax of altitude ihertfafes 
or diminifiics the latitude. " ' ’ 

‘ ' MenJlrual'Vl'KA'Ltxx of^e Sun^ Is an angle fortnod 
by two fight lines'; one dravm from the earth to the 
Tun, and another from the fun to the moon, at cithlCr 
of their quadratures, . • - t 

Parallax of the Annual Drhlt of the Earthy is the 
difference between the heliocentric anil 'geocentnc place 
of a planet, or the angle at any planet, fubtended by 
the diftance between the earth and fun. 

There arc various methods for finding the Parallaxes 
of the ccleftial bodies : fome of the principal and caficr 
of which bre as follow ; 

To Obferue the Parallax ^ a Celjlial Body, 
ferve when the body is in the lame verticaj with a fixed 
ftar which is near it, and in that pofiuon meafare its 
C c apparent 
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apparent diftancc from the ftar. Obferve again when 
the body and ftar arc at equal altitudes from the ho- 
riaoo i and there meafure their diftance again. Then 
the difference of thefc diftaoces will be the Parallax 
very nearly. 

To Obfervt the Moorfs Parallax. — Obferve vciy 
rrcuratcly the moon’s meridian altitude, atul note tlic 
iro nent of time. To this time, equated, coinputt her 
tiu^ latitude and longitude, and from theie find her 
dcelination ; alfo from her declination, and tlie eleva- 
tion of the eqiutor, find her true meridian altitude. 
Subtract ttie refraction from the ohferved altitude: 
then the difference between the remainder and tlie true 
altitude, will be the Parallax fought. If the oblcrvcd 
altitude be not meridional, reduce it to the true alti- 
tude for the time of obfervation. 

By this means, in 15B3, Odt. 12 day 5 h. 19m. from 
the moon's meridian altitude obferved at 13° 38 , 
Tycho found her Parallax to be 54 minutes. 

To Obferve the Moon's Parallax in an JEcIipfe. — Tn 
an eclipfc of the moon obferve when both horns arc 
in the lame vertical circle, and at that moment take 
the altitudes of both horn^ ; then half their fum will 
lie nearly the apparent altitude of the moon's centre ; 
from vyhich fubtrad the refrailion, which gives the ap- 
parent altitude freed from refra<fiion. But the true 
altitude n nearly equal to the altitude of the centre of 
the (hadow at that time : now the altitude of the centre 
of the fhadow 13 known, becaufe we know the fun's place 
in the ecliptic, and hie? depreffion below the honzon, 
which is equal to the altitude of the oppofitc point of 
the ecliptic, in which the centre of the fhadow is. 
Having thus the true and apparent altitudes, their dif- 
ference is the Parallax fought. 

De la Hire makes the great eft horizontal Parallax 
i® 25", and the Icaft 54^5". M. Ic Monnier^etcr- 
mined the mean Parallax of the Moon to be 57' 

Others have made it 57' 

From the Moon’s Parallax FSTy and altitude SF 
(laft fig. but one) j toj^nd her dtjiance from the Earth, 
— Trom her apparent altitude given, there is given 
her apparent tenith diftance, i. e. the angle AES ; 
or by her true altitude, the complement angle ATS. 

• Wherefore, fmcc at the fame time, the Paridla^lic 
angle S is known, the 3d or fupplcmental angle TES 
is alfo known. Then, confideri^ the earth’s femidia- 
meter TE as i, in the triangle TES are given all the 
angles and the fide TE, to find £S the moon’s dif- 
tance from the furfacc of the earth, or TS her diftance 
from the centre. 

Thus Tycho, by th'* obfervation above mentioned, 
found the moon’s diftance at that lime from the earth, 
was 62 of the earth’s femidiameters. According to 
De la Hire’s determiaation, her diftance when in the 
perigee is near femidiameters, but in her apogee 
rear 63! \ and therefore the mean nearly 59 or in 
round numbers 60 femidiameters. 

Hence alfo, fince, from the moon’s theory, there is 
given the ratio of her diftances from the earth in the 
feveral degrees of her anomaly ; ihofe diftances being 
found, by the rule of three, in femidiameters of the 
earth, the Parallax is thence determined to the feveral 
demes of the true anomaly. 

Yo Ohjirve the Parallax of Mars. — i, Suppofe 


Mars in the meridian and equator at H ; and that the 
obferver, under the equator in A, obferves him cul- 
minating with fome fixed ftar^. t. If now the ob- 
ferver were in the centre of the emtk, he would fee 
Mars conftantly in the fame point of the heavens with 
the ftar ; and therefore, together with it, in the plane 
of the horizon, or of the oth horary ,•♦ but fince Mars 
here has fome fenfiMi Parallax, and the fixed ftar has 
none, Mars will be feeii in the horizon, when in P, the 
plane of the fenfible horizon ; and the ftar, when in 
R, the jfiane of the true horizon : therefore obferve 
the time between the tranfit of Mars and of the 
ftar through the plane of the 6th hour. — 3. Convert 
this time into minutes of the equator, at the rate of 15 
degrees to the hour; by wdu'ch means there will he ob- 
tained the arch PM, to which the angle PAM, and 
confoqucntly the angle AMD, is nearly equal ; which 
is the horizontal Parallax of Mars. 



Iftlie obferver be not under the equator, but in a par* 
allcl IQ, that diffcr-ence will be a lefs arch : w-herc- 
fore, fince the fmall arches and PM are neaily as 
their fines AD and ID; and hoce ADG is equal to the 
diftance of the place from the equator, i. e. to the ele- 
vation of the pole, or the latitude; therefore AD to 
ID, as radius to the cofme of the latitude; fay, as the 
cofine of the latitude ID is to radius, fo is the Paral- 
lax ^ferved in I, to the Parallax under the equator. 

Since Mars and the fixed ftar cannot be commodi- 
oufly obferved in the horizon ; let them be obferved in 
the circle of the 3d hour : and fince the Parallax obferv- 
ed there TO, is to the horizontal one PM, as IS to 
IDi fay, as the fine of the angle IDS, or 45® (fince 
the plane DO is in the middle between the meridiuu 
DH and tlie true horizon DM), is to radius, fo is the 
Parallax TO to the horizontal Parallax PM. 

If Mars be Ilkewifc out of the plane of the equator, 
the Parallax found will be an arch of a parallel; which 
muft therefore be reduced, as above, to an arch of the 
equator. 

Laftly, if Marsbenotftationary, but cither dlre<ft or 
retrograde, by obfervations for Icvcra! days find out 
what his motion is every hour, that his true place from 
the ccntiT may be affigned for any given time. 

By this method Caifini, who was the author of it, 
obferved tlie greateft horizontal Parallax of Mars to be 
25^; but Mr, Flamfteed found it near 3o'^ Caflini 
obferved alfo the Parallax of Venus by the (amc me- 
thod. 

To Find the Sun’s Parallax. — The great diftance of 
the fun renders his Pandlax too fmall to fall under even 
the niceft immediate obfervation. Many attempts have 
indeed been made, both by the ancients and moderni, 
and many methods invented for that purpofe. The firft 
was that of Hipparchus, which was followed by Pto- 
lomy, &c, and was founded on the obfervation ot lunar 

cclipfe** 
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ecHpres* The fccond that of Aridarchua, m 
which the angle fubtended by the fc!iii(iiametcr of the 
moon*« orbit, fecn from the fun, was fought from the 
lunar phafes. But thefe both proving deficient, af- 
tronomer^ are now forced to have rccomfc to tlic Par- 
allaxes of the nearer planets, Mars and Wium. Now 
from the theory of the motions of the enth aiid pla- 
nets, there is known at any time the propoitionof the 
dillanccs of the fun and planets from in, ; and the hori- 
zontal Parallaxes being reciprocally propoitional to 
thofe dillanccs ; by knowing the PaiMlIax of a planet, 
that of the fun may be thence found. 

Thus Mars, when oppofite to tlie fun, is t\vicc ns 
near as the fun is, and therefore his Parallax will he 
twice as great as that of the fun. And Venus, when 
in her inferior conjun^lion with the fun, is foinetimes 
nearer us than lie is ; and therefore her Parallax is 
greater In the fame proportion. I'hijs, from the Paral- 
jaxesof Mars and Venus, Callini found the fun's Paial- 
lax to be io" ; from w'liencc hivS cliftance comes out 
22000 fcmicliameters of the earth. 

But the mod accurate method of determining the 
Parallaxes of thefe planets, and thence the Parallax of 
the fun, is that of obferving their tranlit. Howc\er, 
Mercury, though frequently to be feen on the fun, is 
not fit for tliis purpofe ; becaufe he is fo near the fun, 
that tlie ditference of their Parallaxes is always lefs than 
the folar Parallax required. But the Parallax of Ve- 
nus, being almoll 4 times as great as the folar Paral- 
lax, will caufe very fenfible didcrences between the 
times in which die will ftem tp be pafiing over the lun 
at diderent parts of the earth. With the view of cn- 
gaging the attention of adronomers to this method of 
determining the fun’s Parallax, Dr. Halley communi- 
cated to the Royal Society, in 1691, a payer, con- 
taining an account of the Icveral years in which fuch a 
traiifit may happen, computed from the tables which 
w ere then in ufc : thofe at the afeending node occur in 
the month of November O. S. in the yeans 918, 1161, 
1396, 1631, i()3p, 1874, 2109, and at the 

defeending node in May O. S. in tne years 1048, 
1283, 1291, 1518, 1526, 1761, 1769, 1996, 2004. 
Philof, Tranf, Abr. voi. i, p. 435 &c. 

Dr. Halley even then concluded, that if the interval 
of time bctw'een the two interior contaiSls of Venus 
with the fun, could be meafured to the cxaiftnefs of a 
fecond, in two places properly fituated, the fun's Par- 
allax might be determined within its joodth part. 
And this conclufionwas more fully exjdamed in a fub- 
feqiicnt paper, concerning the tranfit of Venus in the 
year 1761, in the Philof Tranf. numb. 348, or Abr. 
V01.4, p.213. 

It docs not appear that any of the preceding tranfits 
had been obferN td ; except that of 1639, by our ingc- 
aiouR countryman Mr. Horrox, and his friend Mr. 
C'rabtree, of Mancbcller. But Mr. Honox died on 
the 3d of January’, 1^141, at the age of 25, jull after 
he had finiflud his treatife, Venus in Sole in which 
he difeovers a more accurate knowledge of the dimen- 
fions of the folar fyllcm, than his learned commentator 
ifevciius. 

To give a general idea of this method of determin- 
ing the honzontal i’aiallax of Venus, and fic-m thence. 


by analogy, the Parallax and diftance of the fun, 
and of all the planets from him; let DBA be tlie 
earth, V Venus, and " 1 \SR the caftern limb of tlie 
fun. To an obferver at B, tlic 
point t of that limb w ill be on 
tlic mciidian, its place referred! 
to the hc.nens will be at K, and 
Venus will appear juft witliin 
it at S. But to an obferver at 

A, at the fame inftant, Venus 
is rail of the Imi, in the right 
line AVF ; the point t of the 
fun’s limb appears at e in tlic 
heavens, and if Venus were 
then vifible flie w'ould appear at 
F. The angle CVA is the 
horizontal Paiallax of Venus; 
which is Cvjual to the onpofite 
angle FVN, meafured by the 
arc FE. ' ASC is the fun’s ho- 
rizontal Parallax, equal to the 
oppofite angle eSE, meafured 
by the arc eK i and FA^ or 
VAe is Venus'* boiizontal Par- 
allax from the fun, which may 
be found by obferving how 
much later in abfolute time her 
total iiigrels on the fun is, as 
fecn from A, than as feen from 

B, which is the time (he takes 
to move from V to in her 
orbit OVv. 

If Venus w’ere nearer the 
earth, as. at U, her horizontal 
Parallax from the fun would be 
thf arch /e, which mcafures the 
angle fAe\ and this angle is 
greater than the angle FAr, by 
the difference of their meafurcs 
Vf. Bo that as the diftance of 
the cclcllial objeft from the 
earth is lefs, its Parallax is the 
^cater. 

Now it has been already ob- 
ferved, that the horizontal Par. 
allaxes of the planets are in- 
vcrfely as their dillanccs from 
the earth's centre, therefore as 
the fun's diftance at the time of 
the tranfit is to Venus's di(> 
tance, fo is the Parallax of Vc«< 
iius to that of the fun i and as 
the fun's mean diftance from 
the earth's centre, is to his dif- 
tance on the day of the tranfit, 
fo is his horizontal Parallax on 
that day, tohis horizontal Paral- 
lax at the time of his mean diftance from the eailh’s 
ctntre. Hence his tme diftance bi femidiameters of the 
earth may be obtained by the folluvving analogy, viz, 
as the fine of the fun's Parallax is to radius, fo is uni- 
ty or the earth's femidiame ter, to the number of femi- 
cliamcters of the earth in the fun's diftance from the 
centre ; which number multiplied bV the number of 

C c 2 mile*! 
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inHcs in the eartU^s femidiamctCT, will give the number 
of miles in the fun’s liilUiice, Then from the propor- 
tional (liltancea of the planets, determined by the theory 
of gravity, their true dillauccs may be found. And 
from their apparent diameters at thefe known dillancevS, 
tiieir real diameters and bulks may be found. 

Mr, Shoitf with j>reaC labour, deduced the quantity 
of the fun’s PaiaJIax tram the bed obfervations that 
were made of the tiuii/it of Venus, on the f)th of 
June, 1761, (forwliieh fee Philol. Tranf. vol. 5 1 and 
52) both in Ibitain and in foreign parts, and found it 
to have been o?i the day of thetranht, when the 
fun was very nearly at his greatell didance from the 
eaitii; and eonlequeiitly S"'6^ when the fnii is at his 
mtan dlllanee from the earth. See Phllof, Tranf. vol, 
52, p. 6ti Wijcuce, 

Asfm. - - - log. 5*6219140 

to radius - . - - 10*0000000 

So is I femidiametcr - - o*oooocoo 

to 23^32*84 femkliameters - 4*3780860 

that Is, 23882 jVtj is the number of the earth’s femi- 
diameters contained in its didance from the fun ; and 
this number of feniidiamcters being multiplied by 3985, 
the number of Englifli miles contained in the earth’s 
femidiametcr, (though later obfervationa make thiafe- 
midiameter only 3956} miles), there ia obtained 
05,173,127 miles for the earth’s mean didance from the 
fun. And hence, from the analogies under the article 
Distance, the mean dIdances of all the reft of the 
planets from the fun, in miles, arc found as follow, 
liz, 

Mercury’s didance - - 36,841,468 

Venus’s didance - - 68,891,486 

Mars’s didance - - 145,014,148 

jupitcr’s didance - - 494,990,976 

Saturn’s didance - - 

In another paper (Philof. Trant. vol. 53, p. 169) 
Mr. Short dates the mean horizontal Parallax of th^ 
fnn at 8"*69. And Mr. Hornfby, from feveral obfer- 
vat ions of the traufit of June 3d, 1769 (for which fee 
the Philof. IVanf. vol, 59) deduces the fun’s Parallax 
t(W that day equal to 8*65, and the mean Parallax 
8 ''*78 1 whence he makes the mean dilbncc^ of the 
earth from the fun to be 93,726,900 Engliflt miles, and 
the diftnnees of the other planets thus : 

Mercury’s didance - - 36,281,700 

V^enus’s dlllanee - - 67»795»5^ 

Mars’s dillaike - - 142,818,000 

jupitcr’s didance - - 487,472,000 

Saturn’s didance - - 894,162,000 

Seethe Philof. Tranf. vol. 6f, p. 572. 

But others, by taking the refuUs of thofc obfem- 
tions that arc mod to be depended on, have made the 
fun’s Parallax at his mean didance from the earth to be 
8-6045 ; and fome make it only 8*54. According to 
the former of thefe, the fun’s mean didance from the 
earth is 95,109,7 36 miles ; and according to the latter 
it is 95)834,742 i^uks. Upon the whole there feems 


reafon to conclude that the fun’s horizontal Parallax 
may be dated at 8 "'*6, and his diftance near 95 miU 
iioiis of miles. Hence, the following horizontal Pa r* 


allaxes : 

Mean Parallax of the fun - o' '8'V> 
Moon’s greated - - 6 1 ^2 

Moon’s lead - • - 54 4 

Moon’^ mean - - - 57 4^ 

Mars’s - • • o 2y 


Of t! e PARALLax of /Af Fixed Stars, As to tiie iixed 
ftars, their dillance is fo great, that it has never been 
found that tliey have any feiifiblc J’aralkix, neither 
with refpe<fl to the earth’s diameter, “nor even with re- 
gard to tiic diameter of the earth’s annual orbit roiiiid 
the fun, although this diameter be about 190 millions 
of miles. For, any of thofe dars being obfeived fiotn 
oppofite ends of this diameter, or at the interval of 
half a year between the obfervations, when the caith Is 
in oppofite points of her orbit, yet dill the Har ap- 
pears in the lame place and fitiiation in the heavens, 
without any change that Is fenlible, or mcafurable wn’tli 
the very bed indruments, not amounting to a fuiglc fc 
cond of a degree. That is, the diameter of the earth’s 
annual orbit, at the neared of the fix-’d dars, docs not 
fiibtend an angle of a fmgle fccond ; or, In compaVifon 
of the didance of the fixed liars, the extent of 190 
millions of miles is but as a point ! 

Parallax is alfo iifcd, m Levelling, for the angle 
contained between the line of true level, and that of 
apparent level. And, in other branches of fcience, for 
the difference between the true and apparent places. 

PARALLEL, in Geometry, is applied to lines, 
figures, and bodies, which are every where cquidillant 
from each other; or which, thougli infinitely produced, 
would never cither approach .nearer, or recede fartlicr 
from, each other; their didance being every where 
meafured by a perpendicular line between them. PIcnee, 

Parallel right lines arc thofc which, though infi- 
nitely produced ever fo far, would never meet : which 
is Euclid’s definition of them. 

Newton, in Lemma 22, book i of his Principia, 
defines Parallels to be fuch lines as tend to a point infi- 
^ nitely didant. 

PaVallel Lines Hand oppofed to b'nes converging, and 
diverging. 

Some define an Inclining or converging line, to be 
that which will rnect another at a finite dlllanee, and a 
Paralkl line, that which will only meet at an infinite 
didance. 

As a perpendicular is by fome faid to be the (horteft 
of all lines that can be drawn to another; foa Paialkl 
is faid to be the longed. 

It is demondrated by geometricians, that two lines, 
AR and CD, that are both Paralkl to one and the fame 
right line EF, arc alfo Paralkl to each other. And 
that if two Parallel lines AB and EFbc cut by any 
other fine GH ; then id, the alternate angles arc equal; 
viz the angle <3 5, and iL c ^ sL d. 2d, The 

external angle is equal to the internal one on the fame 
lidc of the cutting line ; viz the Z. e = Z. </, and 
the Z. / = Z. L 3d, That the two internal ohes on 
the fame fide are, taken together, equal to two 
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riffht nngles; viz, 4 a + 4 </ = i8o°, or 
Ic^ l.h ^ i8o^ 


f; 



To Parallel Line » — If the line to be Parallel 

to A II mull pal's tlirougli a given point P: Take the 
neaivll tliilance between the point P and tlie given line 
AB, by fetting one foot of the compalTes in P, and 
with the other deferibe an arc juil to touch the line in 
A ; then with that dilbmee as a radius, and a centre 
B taken any where in the line, deferibe another arc C ; 
ladly, through P draw a line PC juli to touch the arc 
C, and that will be the Parallel fought. 



— V/ith the centre P, and any radiins, de- 
fi ; ibc an arc 13 C, cutting the given line in B. Next, 
witli the fame radiin?, and centre B, deferibe another 
•lie PA, cutting alfo the given line in A. Lallly, take 
AP between the compafl'cs, and apply it from B to C ; 
and tliroLigh P and C draw the Parallel PC re- 
paired. 

Oi , draw the line with the Parallel Ruler, deferihed 
IkIow, by laying one edge of the ruler along AB, 
and extending the otlier to the given point or dlf- 
tance. 

When the one line is to be at a given diflancc from 
the other ; take that diilance between the compaffesas 
a radius, and with two centres taken any where in the 
given line, deferibe two arcs ; then lay a rukr jnll to 
touch the arcr, and by it draw the Parallel. 

Parallel Plan^s^ are every where equidillant, or 
l.ave all the perpendiculars that are drawn between 
tiitm, everywhere equal. 

l’/\RALLEL Riiyst in Optics, arc ihofe which keep 
always at an equal diilance in refped to each otlr:r, 
from the vifaal objecl to the eye, from which the ohjecl 
is fuppofed to be infinitely diftcint. 

Parallel Rulers is a mathematical Indiument, con- 
filling of two equal rulers, AB and Cl), either of 
w ood or metal, conne£led together by tw'O nciiderciofs 
bars or blades AC and BD, moveable about the points 
or joints A, B, C, D. 

I'here are other forms of this inllrumcnt, a little 
varied from the above ; fomc liaving the two blades 
< rolling in the middle, and fixed only at one end of 
them, the other two ends Hiding in grooves along the 
two rulers ; 

The ufc of this inllrument is obvious. For the 
edge of one of the rulers being applied to any line, the 
other opened to any ex.tciit will be always parJlel to the 


former Cand confequcntly any Parallels to this may be 
drawn by the edge of the ruler, opened to any extent. 

Parallel Sailtn^y in Navigation, is the failing on or 
under a Parallel of latitude, or Parallel to the equator. 

— Of this there are three cafes. 

1. Given the Diilance and Difference of Longitude; 

to find the i latitude. — Rale. As the differeiice of lon- 
gitude is to the dillaiice, fo is radius to the colincofthc 
latitude. '' 

2. Given the Latitude and DilTerencc of Longi- 
tude; to find tlie Diilance. — Rule. As radius is to 
the cofiiic of the latitude, fo is tlie diiTcrcnce of longi- 
tude to the diilance. 

5. Given the Latitude ami Diilance ; to find tlie 
difference of longitude. — Rale. As the cofine of la- 
titude is to radius, fo is the diilance to the difference of 
longitude. 

Parallel Sphert^y is that fituation of the fpherc 
where the equator coincides with the horizon, and the 
poles with the zcuilh and nadir. 

In this fpherc all tlie Parallels of the equator become 
Parallels of the horizon ; confequcntly no liars ever rife 
or fet, but all turn round in circles Parallel to the ho- 
rizon, as well as tlie fun hinifelf, which vvlicn In the 
equinoctial wheels round tlic horizon the whole day, 
Alfo, After the fuu rifes to the elevated pole, he never 
fets for fix months ; and after his entering again 011 
the other fide of the line, he never rifes for fix months 
longer. 

This poiition of the fpliere is theirs only w'ho live at 
the poles of tlie earth, if any fuch there be. The 
greateil height the fun can life to them, is 23} de- 
grees. They have but one day and one night, caeli 
being half a year long. See Sphere. 

Parallels, or Places of Armsy in a Siege, arc 
deep trenches, 15 or 18 feet wade, joining the fevera! 
attacks together ; and ferving to place tlic guard of 
tlic trenches in, to be at hand to fuppoit the woikmcii 
when attacked. 

There are ufually three in an attack: the foil A 
about 600 yards from llie ci'vert-w’ay, the fi.cond be- 
tween 3 and .^00, and the tliiid near or on the glacis, ^ 
• — It is fnid they were lirll invented or ufedby Vauban. 

Parallels y/Z/z/z/A', or Almacantars, are circles 
Parallel to the hoi izon, conceived to pafs through every 
degree and minute of the meridian between the hoii- 
zon and /cnith ; having thin ])(;lrt> in tin zenith. 

Parallels, orPARALLiL G/zi./rj', calUd alfo Par- 
allels of Latitude, and CiicItJ of Latitude, are lelfcr 
ciiclcs ot the fpherc, Faralkl to the cqiiinuilticd or 
equator. 

Parallels of Declinalioriy are ItHer elides Parallel to 
the equinoctial. 

Parallels of Latitude, In Geography, are Icfitr 
circles Parallel to the equaten*. But in Allronoiny 
they are Parallel to the ecliptic. 

PARALLELISM, the qnality of a parallel, or 
that which denominates it fueh. (Jr it is tliat by vvhieli 
tw'o things, as lines, rays, 01 the like, become equidif- 
tant from on# another. 

Parallelism ^ theEarth\ Axis, is that Invariable 
fituation of the axis, in the progrefs of tlic Caith through 
the annual orbit, by which it always keeps parallel to 
itfclf ; fo that if a line be drawn parallel to its axi^, 

vAiilc 
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wh;Ie j’n any onf pofitjonj the axis, in all other poH- 
tions or parts of the 01 bit, will alwayi be parallel to the 
fame line. 

In confcqiicncc of this Parallelifm, the axis of the 
earth points always, as to fenfe, to the fame place or 
j)oint in the heavens, viz to the poles. Becaufe, though 
really the axis, in the annual motion, dcfcribcB the 
fill face of a cylinder, whofc bafe is the circle of the 
earth’s annual orbit, yet this whole circle is but as a 
point in comparifon with the dillancc of the fixed ftars; 
and thcR-forc all the Tides of the cylinder Teem to tend to 
the fame point, which is the celeftial pole. — To this Par- 
allelifm is owing the change and raiiety of fealons, 
with the inequality of days and nights. 

This Parallelifm is the iieccifary conlcqnencc of the 
earth’s double motion ; the one round the fun, the other 
round its own axis. Nor la there any nccellity to ima- 
gine a third motion, as foinc lia\c done, to account for 
this I’ariillelifm. 

Parallflism of Rows tf Tstts. The eye placed 
at the end of an allcv hounded by two rows of trees, 
planted in paiallel lines, never fees t I k m parallel, but 
always inclining to each other, towaids the farther end. 

Hence mathematicians have taken occafion to en- 


quire, in what hues the trees tmifi be difpofed, to cor- 
rtd this effed of the pcifpedive, and make the rows 
rtill appear parallel. And, to produce this effed, it is 
evident that the unequal intervals of any two oppofile or 
correfponding trees maybefecn under equal vifual angles. 

For this purpofe, M. Fabry, Tacquet, and V an'gnon 
(ibferve, tlut the rows mufi be oppofitc femi-hyper- 
bolas. See the Mem. Acad, Sciences, an. 1717. 

But notwithilanding the ingenuity of their fpecula- 
tions, it has been piovcd by D’Alembert, and Bou- 
giier, that to produce the elfcd propofed, the trees are 
to be ranged mertly in two diverging right lines. 

PARALLELOGRAM, in Geometry, is a qua- 
drilateral right-lined figure, whofe oppofitc Tides arc 
pai allel to each other. 

A Parallelogram may be conceived as generated by 
the motion of a tight line, along a plane, always paral- 
lel to itfelf. 

Parallelograms have feveral particular denominations, 
and are of feveral fpccLs, according to certain parti- 
cular circumftunces, as follow ; 

When the angles of the Parallelogram are right 
ones, it is called a Redangle. — When the angles arc 
right, and all its Tides equal, it is a fquare. — WI kii the 
fides are equal, but the angles oblique ones, the figure 
h a Rhombus or Loicnge. Ami when both ihc Tides 
and angles are uneqiml, it is a Rhomboides, 

Every other (jtuidrilateml whofe oppofitc Tides are 
iKither parallel nor equal, is called a Trapezium. 


Proper ties of the Pakali.elog'r AM.*— 1. In every 
Parallelogram ABDC, the 

diagonal divides the figure A a 1} ^ 

into two equal triangles, / v 

ABD, ACD. Alfo the / / 

oppofite angles and Tides are /. !/ 

equal, viz, the fide A B = ^ ^ 

Cl), and AC = BO, alfo' erp D 


the angle A =r: Z. D, and the 

Z. B s Z. C. And the fura of any two fuccccding 


angles, or next the fame fide, is equal to two nght an- 
gles, or 180 degrees, a8Z.A*|- Z.C=Z,C 4 ‘ 

Z.D-f Z.B = Z.B -F Z.A=two right-aii- 
gles. 

r. All Parallelograms, as ABDC and ahDCt are 
equal, that arc on the fame bafe CD, and between the 
fame parallels Ai, CD ; or that liavc either the fame or 
equal bafes and altitudes ; and each is double a triangle 
of the fame or equal bafe and altitude. 

3. The areas of Parallelograms arc to one another in 
the compound ratio of their bafes and altitudes. If 
their bafes be equal, the uaas arc as their altitudes ; 
and ff the altitudes be equal, the areas areas the bafes. 
And when the angles of the one Parallelogram aie 
equal to tliofe of another, the areas arc us the rectan- 
gles of the Tides about the equal angles. 

4. In every I’arallelogram, the fum of the fquares oi 
the two diagonals, is equal to the fum of the fquare s of 
all the four Tides of thefiguie, \iz, 

AD^ -f BC» = AB" + BD^ T DC* F CA^ 

Alfo the two diagonals bifecl each other; fu tlntf 

AE = ED, and BE = EC. 

5. To find ihe Arm of PARAT.i.Ft,or;p.AM. — Multi- 
ply any one fide, as a bafe, by the height, or ptipemli- 
cular let fall iipfiii it from the oppofitc lide. Or, multi- 
ply any two adjacent lides together, and the punlu'd 
by the fine of their contained angle, the radius bLiUg 
I ; viz, 

The area is = CD x AP = AC X CD x fin. Z C. 

Comph merit of a Parallf looram. See Com re r- 

MINT. 

Centre of Gravity of a Parallf logr tM. See Cln- 
TXh of Gmvltyy and Cp.ntroharic Meihod. 

PaRALI.KLOGR AM, Of PaRALLILISM, rir pFNl’l* 
GRAPH, alfo denotes a machine nfed for the ready and 
cxd£l rediiAion or copying of defigns, fcliemcs, jihuis, 
prints, &c, in any propoilion. See Pfntagraph. 

Parali.elogram (7/'//>e Hyperhohy is the Paiallelo- 
gram formed by the tw’o afymptotes of an hvpeilioia, 
and the parallels to them, diawn fiom any point of the 
curve. This term was firll ufed by Huygens, at the 
end of his DilTertatio de Caufa Gravitatis. This Paral- 
lelogram, fo formed, is of an invariable magnitude in 
tile fame hyperbola ; and ihc redangk of its fides is 
equal to tlie power of the hyperbola^ 

This Parallelogram is alto the modulus of the loga- 
rithmic fyfiem ; and if it be taken as unity or i, tlie 
liypcrbolic feftors afid fegments will cont:''p()nd to Na- 
pier’s or tile natural logarithms ; for wduch reafoii thefc 
nave been cal'ed the liyjierbolic logarithms. If the 
Parallelogram he taken = *43429448190 &c, tiulc 
feftors and fegments will reprefent Briggs’s logarithms ; 
in which cafe the tw’o alymptotes of the nypeiho^a 
make between them an angle of 25® 44^" 25"^. 

Newioimn or Analytic Parallelogram, a term uhd 
for an invention of Sir Ifaac Newton, to find the fiilt 
term of an infinite convei'ging feiies. It is fometimes 
called the Method of the Parallelogram and Ruler ; be- 
caufe a ruler or right line is alfo afed in it. 

This Analytical Parallelogram is formed by dividing 
any geometrical Parallelogram into equal fmall fquaies 
or Parallelograms, by Hues drawn horizontally and per 
3 pcndicuUily 
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penclicularly through the equal diviTiona of the Tides of 
the Parallelogi-am. The ftoall cells, thus formed, arc 
filled with the dimenhons or powers of the fpecics jc 
and and their products. 

Forinltance, the powers of as^® or i yS v"** 
&c, being placed in the lowed horizontal range of ccus{ 
and the poweis of .r, as ^ I, a*, &c, in 

tlie vcitical cuhinui to tl.c left; or vice verhi ; thefe 
powers and their produds will Itaiid as in this fi-- 
gure ; 
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Now when any literal equation is propofed, involv- 
ing various pow'crs of the two unknown quantities 
A audy, \ofind the value of one of thefe in an infinite 
frn'es orthc powers of the other; mark fuch ©f ihc 
Cf Us as correfpond to all its terms, or that contain the 
fame powers and produds of xand^ ; then let a ruler 
be applied to two, or perhaps more, of the Par- 
allelograms fo marked, of which let one be the 
lowed in the left hand ^column at AB, the other 
touching the ruler towards the right hand ; and let all 
the reft, not touching the ruler, lie above it. Then fc- 
Icd thofe terms of the equation which are reprefented 
by the cells that touch the ruler, and from them 
find the find term or quantity to be put in the quo- 
tient. 

Of the application of this rule, Newton has given 
feveral examples in his Method of Huxions and Infinite 
?^eries, p. 9 and 10, buf w'ithout demonfiration ; which 
has been fupplied by others. Sec Colfon’s Comment on^ 
that treatife, p. 192 & fcq. Alfo Newton’s Letter 
to Oldenburg, Qdt, 24, 1676. Maclaurin’s Algebra, 
p. 251. And efpecially Cramer’s Analyfes dc3 Lignes 
Courbes, p. 148. — This author obferves, that this in- 
vention, which is the true foundation of the method 
of fertes, was but imperfeAly iinderftood, and not va- 
lued as it deferved, for a long time. He thinks it how- 
ever more convenient in praAicc to ufc the Analytical 
Triangle of the abbe dc Gua, which takes in no more 
than the diagonal cells lying between A and C, and 
thofe which he between them and B. 

Barallelooram Protra3ory a mathematical inflru- 
tnent, confiftlng of a fcmicircle of brafs, with four ru- 


lers in form of a Parallelogram, made to move to any 
angle. One of thefe rulers Is an index, which ihews 
on the fcmicircle the quantity of any inward and otst- 
ward angle. 

PARALLELOPIPED,or Parallf.lopipedon, is 
a folid figure conta ined under fix panillclograms, the op- 
pofites ot which aie equal and piirallel. Or, il is a 
prilm whole hafe is a p irallelogiam. 

Properties of the Para li.klopi pi DON. — All Pawal- 
Iclopipcdons, whether right or oblique, that have ihcir 
bales and altitudes equal, arccmial; and each equal to 
triple a pyramid of an ecjual bale and altitude. — A dia- 
gonal plane divides the Parallelopipedon into two equal 
triangular prifms. — See other properties under the ge- 
neral term Prism, of which this is only a particular 
fpecics. 

To Meafure the Surfiue and Solidity of a Parallelo- 
pirfDoN.^ — Find the areas of the three parallelograms 
AD, BE, and BG, which add into one firm; and 
double that lum will be the whole furface of tlie Parai- 
Itlopipcdon. 



For the Solidity ; multiply lh<r bafe by the altitude; 
that is, any one face or lidc by its diilance from the 
oppofite fide; as AD X DK, or AB x BE, or 
BG X BD. 

PARAMETER, a certain conftant right line in 
each of the three Conic Sedtions ; other-wife called alfo 
Latus Rcdlum. 

This line is called Parameter, orv equal mcafiirer, bc- 
caufe it meafures the conjugate axis by the fame ratio 
which 18 between the two axes themfeivcs ; being indeed 
a third proportional to them ; viz, a third propor- 
tional to the tranfverfc and conjujgatc axes, in the eU 
lipfe and hyperbola ; and, which is the fame thing, a 
third proportional to any ahfeifs and its ordinatc-xn the 
parabola. So if / andr be the two axes in the ^ellipfe 
and hyperbola, andx andy an abfeifs and its ordinate in 
the parabola ; 

ft 

then t : c :: c : p ==. — the Param. in tb« former, 
and A* : y ; r y rp = the Param. lathe laft. 

The Parameter is equal to the double ordinate di^awn 
through the focus of any of the three conic fedlions. 

PARAPET, or Breqjlnvork, in Fortification, is a de- 
fence or fereen, on the extreme edge of a rampart, or 
other work, ferving to covrfthe foldicrs and the cannon 
from the enemy’s &e. 

The thMknefs of the Parapet is j 8 or 20 feet, com- 
monly Knea with mafonry ; and 7 or 8 feet high, when 
the enemy has no command above the battery ; other- 
wife, itpihouldbe raifed higher, to cover the men while 
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tlicy load the 'fherc are certain openliigfl, called 

Emhrafnrcs, i iit in tuc Parapet, from the top down- 
\'[’Jirds, to V itliin about 2 ^ or 3 feet of the bottom 
of it, for tlu* ( aiinon to lire through; the folid pieces 
of it «)]k; eiubtafnre and another, being c<dlcd 

Mcilotr.. 

pMMD'r i> .ibo a little brenft-wall, nlfcd on the 
brinks of hiid;;.:^, quays, or high buildinp^s ; to fcrNC 
as a Hay, and piiouit people from falling over. 

I'ARDII'd) ( 1 gn’\tius GAi>TON), an ingenious 
’'I'rench ma^ lu matieijn and pliiiofophcr, was born at 
Pan, in tlie pu>\in(:c of (Jakamy, in 1636; his fatlicr 
being d ujuiilellor of the parliament of that city. — 
At the age of 16 he entered into the order of JeluitP, 
and made lo great a proticirncy in Ids lludie?, that lie 
tuU'dit polite lil(iatiiie, tnul ccnr.pofed man) piec'cs in 
pnde and vcife with a diiliiiguillied delicacy of tliouglit 
and Hyle, before he was well arrived at the age of man- 
hood. Piopnkty and elegance of language appear to 
bavc be'eii hi^ hiH; piirlnits; for whicli pnipofe he 
lludle'd the IkllcsS lAllu.gar.d learned pfodii-!- 

tioins, Ibil aflt twaidslie devoted hindelf t<^ inalhemati- 
e.ilaiul philofjphieul IkidKr, and lead, with tine atten- 
tiv.ii, the n,(/ll valuable authors, ancient and in(nlern, 
in thofe ieieuces: fo that, in a fl'.oit time he made* 
hinifelf nuiller of the Peripatetic and Cartefian pliilo* 
fophy, and taught them liotli with great reputation. 
Noluithllaiidiiig he cmbutccd Cartefiaiilfm, yet lie 
alfe'iHed to be rather an inventor in philofophy himfelf. 
fn this fpiiit he ibinetimcs advanced very bold opinions 
in natural philofophy, which met with oppofers, who 
charged liim with Hurting abfurditics; but he was in- 
genious enough to give his notions a plaufible turn, fo 
as to (dear them feeiningly from’ contradidlions. His 
reputation procured hint a call to Paris, as Profeifor 
of Rhetoric in the College of Lewu’s the Great. He 
idfo taught the mathematics in that city, as he had be- 
fore done in other places, fie had from his youth a 
luippy genius for that fcicncc, and made a great pro- 
gvefs in it ; aneb tHe glory which his writings acquired 
him, raifed the higheil expedations from his future 
labours ; but tbefe \Vcrc all blaftcd by his early death, 
ill 1673, at 37 years of age ; fallinjj a victim to liis 
2eal, he having caught a contagious difordcr by preach- 
ing to the prifoiiers in the Bicetre, 

Pardies w’rotc with great ncatnefs and elegance. 
His principal woiks arc as follow : 

j. Horologium Thanmaticum duplex; 1662, in ^to. 

2. DKTeitatio dc Motu et Natura Comelarum ; 
1665, 8vo. 

3. Difeours du Mouvement Local ; 1670, 121110. 

4. Elcmcns de Geometile ; 1670, i2mo. — ^Thishas 
been ti*an(lated into fcvcml languages ; in Englifli by 
Hr. Harris, in 1711. 

5. Difeours dc la CdnnoifTance dcs Betes; 1672, 
unio. 

6. Lettre dkin Phllofoplic a un Cartcficu de fes 
am»; 1672, i2rao, 

7. La Staiiqeie oula Sconce dcs Forces Momuntcs; 
1673, i2ino. 

R. Defenption ct Explication dc de^ Machines 
propres it faire dea Cadrana avec une gr^e facility j 
1673, 1 2mo. 

Remarques du Mouvement dc la Lumi^c. 

I , 


10. GliibJ Coeleftis in tabula plana redadi Deferip- 
tio ; 1675, folio. 

Part of his works w^erc printed together, at the 
Hague, 1691, in izmo; and again at Lyons 1725. — 
Pardies had a difpute alfo with Sir Ifaac Newton, 
about his New Theor)^ of Light and Colours, in 1672. 
His kttcis are ir.feitcd in the iHiilofophical Tranlac- 
tions for tliat year. 

PA R ENT (Anthony), a refpc<ftablc French ma- 
thematician, was born at Paris in 1666. lie rtiewed 
an eaily propenlity to the mathematics, cageily peui- 
fing fuch hot As in that fcicncc as fell In his waiy. I lib 
tullom was to write rcmaiks in the margins of the 
books he lead ; and In this w'ay he had oiled a number 
ot books with a kind of commentary by tlic time l.c 
was 13 )cars of age. 

Moon iifur this he was put under a maflcr, who 
iniigl t rhetoiic at Chaitres. lleie lie happened to 
fee a dodecaedroii, upon eveiy fate of which was dcli- 
ntaled a fun-dial, c\ee]jt the lowcll on which it Hood. 
Rtiuek as it weic IidUuitanetnilly with the curiol.i) 
of thelc dials, he attempted diawiiig one himfelf : but 
having <jidy a book which Ijiight the piaCtical par., 
williout llie theory, it was not till after Im, matter came 
to explain the doctrine (A the fphere to him, tlnit iie 
began to uiulcilland how the piojedlon of tlie ciulc » 
of the fphere fonned fun-dials. He then undertenA 
to wiile a ticatife upon gnomonics. To be fare tic. 
piece was rnde and unpolifhccl enough ; how'cvcr, il 
was entirely his own, and not boiTowed. About llm 
fame time he wTote a book of gcometiy, in the fam; 
taflc, at Beauvais. 

His friends then fent for him to Paris to flndy the 
law' ; and in obedience to them he went tlirougli a 
couiTe in that faculty : which was no fooncr llnlllKd 
than, urged by his paifion for mathematics, he fluit 
himfelf up in the college of Donnans, that no avoca- 
tion might take him from his beloved lludy : and, wit’n 
an allowance of Icfs than 200 livres a-ycar, he lived 
content in this retreat, from which he never llirrcd but 
to the Royal College, to hear the icdures of M. de la 
Hire or M. de Sauveur. When he thought himfelf 
capable of teaching others, he took pupils : and forti- 
fication being a branch of ftudy which the war had 
brought into particular notice, he had often occafiou 
to teach it : but after fome time he began to entertaf 1 
fcinpks about teaching a fubje£l he had never feen, 
knowing it onlf by imagination. He 'imparted this 
fcruplc to M. Sauveur, who recommended him ih the 
Marquis d^Aligre, who luckily at that time wanted fo 
have a mathematician wdth him. M. Parent made tvYo 
campaigns with the marqpis, by which he inftrilfted 
himfelf I'ufficicntly in viewing fortified places ; of which 
lie drew a number of plans, though he liad never 
learned the art of drawing. 

From this period he fpent his time in a contitiual ap- 
plication to the ftudy of natural philofophy, and ma- 
thematics in all its branches, both fpeculative and prac- 
tical ; to which he joined anatomy, botany, and chc- 
miftry ; — his genius joined with his indefatigable ap- 
plication overcoming every thing. 

M, de Billettes being admitted into the Academy 
of Sciences at Paris in 1699, with the title of thtlr 
mechanician, he named M, Parent for his elcvc or dif- 

cipk, 
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ciple, a branch of mathematics in which he cliicfly 
CKceUcd. It was foon difeovered in this fociety, that 
he engaged in all the different fubiefts which were 
brought before them ; and indeed that he had a hand 
in every thing. But this exttjnt of knowledge, joined 
to a natural warmth and impctuofity of temper, raifed 
a fpirit of contradiction iu him, which lie Indulged on 
all occafions ; fometimes to a degi ec of precipitancy 
that was highly culpable, and often with but little 
jegard to dccemcy. Indeed tlie fame beha\iour was 
TCturned to him, aiul the papers which he bi ought to 
the academy were often treated w'ith nnuh fevciity. 
In his produClIons, he was charged with obfeurity ; a 
furlt for which he was indeed fo notorious, that he per- 
ceived it hiinfclf, and could not avoid correcting it. 

By a reguliitlon of the academy in 17*^1 the clafo 
of eleves wa« luppreffed, as that mAiiiClion feemed to 
put too gicat an inequality between the members. M. 
Parent was made an adjunCt or affiltant member for 
the clafs of geometry : though he enjoyed this promo- 
tion but .a veiy fnort time ; being cutoff by the fmall-*^ 
pox the fame year, at 50 years of age. 

M. Parent, bclidcs leaving many pieces In manufeript, 
publlfhed the following works : 

1. Klcmens dc Mccaulque & de Phyfiqiic ; in 1 2 mo, 
1700. 

2. Rccheiches de Mathematiques & de Phyfiqiic j 
3 veils. 4to, 1714. 

3. Arithmetique theorico-prati^ue ; in 8vo, 1714. 

4. A great multitude of papers in the volumes of the 
Memoirs of the Academy of Sciences, from the year 
1700 to 1714, feveral papers in almoft every volume, 
upon a variety of branches in the mathemrUcs. 

PARGETING, in Building, is ufed for the plaif- 
teiing of walls ; fometimes for plaifter itfelf. 

PARHELION, or Parhelium, denotes a n;ock 
fun, or meteor, appearing as a very bright light by 
the fide of the fun j being formed by the reflection of 
his beams in a cloud properly fituated. 

Parhelia ufually accompany the coronac, -or luminous 
circles, and are placed in tlie fame circumference, and 
at the fame heighu Their colours refcmble thofe of 
the rainbow ; the red and yellow are on that fide to- 
wards the fun, and the blue and violet on the other. 
Though coroiifc art fometimes feen entire, without any 
Parhelia ; and fometimes Parhelia without cOronac. 

The apparent fize of Parhelia is the fame as that of 
the true fun ; but they arc not always round, nor always 
fo blight as the fun; and when fcvcral appear, fome arc 
brighter than others. They are tinged externally with 
colours like tlie rainbow, and manv of them have a 
long fiery tail oppofitc to the fua, but paler towards 
the extremity. Some Parhelia Live been obferved 
''ith two tails and others witli tliree. Thefe tails 
mofily appear in a. white horizontal circle, commonly 
Polling through all the Parhelia, and would go through 
the centre of the fun if it were entire. Sometimes 
there arc arCxS of Icffcr circles, concentric to this, toueh- 
thofe coloured circles which furroiind the fun ; • 
thtfe are alfo tinged with colours, and cajiain other 
Parhelia. 

Parhelia are generally fituated in the intcrfe^Iions of 
t*irclcs; but Cauini fays, thofe which fie faw in 1683, 
"tre on the outfidc 01 the coloured cirdc, though the 
VoL. II. 


tails were in the click that was parallel to the horizon. 
M. Acpiiiu* apprehends, that Ihirhclia with elliptical 
corona; arc more frequent in the northern rejjions, and 
thofe with circular ones in the fouthern. They have 
been vifiblc for one, two, three, or four hours to- 
gether ; and it is faid that in Noith America they 
continue feveiv.l days, and aic vilihlc from ffin-rifc to 
fun-fet. When the Paihclia difappear, it fometimes 
rains, or there fells fnow in the form of oblong fpiculje. 
And Maiiotte acc»)unta for the appcArancc of Paihclia 
from an infinity of fmall particles of ice floating in 
the air, which multiply the image of the fun, either 
by rcfra^llng or breaking his rays, and thus making 
him appear where he is not ; or by reflecting them, 
and ferving as mirrors. 

Molt philofopliers have written upon Parhelia ; as 
Aiiftotle, Pliny, Scheincr, Gafi’endi, 1 »'-S Cartes, Huy- 
gens, Ho'clius, Dc la Elirc, Callini, Grey, Halley, 
Maraldi, Muflehenbroek, 8cc. See Smith’s Optics, 
book I, chap. 1 1. Alfo Priefiley’s Hift. of Light &c, 
p. 613, And Muffehenbroek’s IntroduAion &c, vol. 2, 
p. 1038 quarto. 

PAKuDlCAL Degrees f In an equation, a term 
that has been fometimes ufed to denote the feveral re- 
gular terms iu a quadratic, cubic, biquadratic, &c, 
equation, when the indices of the powers afeend or 
defeend orderly in an ai ithmcfical progreflion, I'hus, 

+ mw* + tix = ^ is a cubic equation where no 
t«rm is wanting, but having all its Parodic Dcgrcei ; 
the indices of the terms regularly defeending thus, 
3, 2, I, o. 

PART, /JHqunnfi /lliquoty Circular Proportional f 
Similar, &c. Sec the refpeftive adjedfives. 

Part of Fortune, in Judicial Aftrology, is the lunar 
horofeope ; or the point in which the moon is, at the 
time when the fun is in the afcendiiig point of the call. 

/ The fun in the afccrldant Is fuppofed, according to 
this fcience, to give life j and the moon difpenfes the 
radical moiilure, and is one of the caufes of fortune. 
In horofcopcs the Part of Fortune is reprefented by a 
circle divided by a crofs. 

PARTICLE, the minute part of a body, or an 
affcmblage of feveral of the atoms of which natural 
bodies are compofed. Particle is fometimes confidcr- 
ed as fynonymous with atom, and corpufde ; aird 
fometimes they are dilllnguifhcd. 

Particles are, as it were, the elements of bodies ; 
by the various arrangement and texture of wliirh, with 
the differCPce of the cohefion, 8:c, arc confiituted the 
feveral kinds of bodies, hard, foft, liquid, dry, heavy, 
light, &c. The fmallell Particles orcorpufelcs colierc 
wnth the ftrongeft attradtioiiS, and always compofe 
larger Particles of weaker cohefion ; and many of 
thefe, cohering, compofe ftill larger Particles, vvhofe 
vigour is dill weaker ; and fo mi tor diveis tucceffions, 
till the progreffion end in thr Ijrgcft Particles, upon 
which the operations in chemilhy, and the colours of 
natural bodj<.s, depend ; and which, by cohering, com 
pofe bodies of feniibde magnitude. 

PARTILE /ifpett, 111 Alh-ology, is when the 
planets are in the cxa6t degree of any particular a/pe<?l“. 
In contrudifljlfclion tp Plafic Afpea, or when they do 
not regard each other witli thole very dcgreci. See 
Aspect. 

1) d ' 
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PARTY jlrcljes^ in ArchitcAiirc, arc arcLes built 
between feparate tenures, where the property is in- 
tcrmixedi and apartments over each other do not belong 
to the fame edate. 

Party Walls, arc partition!! of brick made between 
buildings in feparate occupatiens, f)r preventing the 
fpreatl of fire. Thefe arc in-ulc ihickir than tlie exter- 
nal walls: and their thiekticfs in London is regul.il'ed 
by a6io{ parliament of the 14th of George tlicTiiird. 

PASCAL (lii-Aisf), a refpcdbablt Ftfne!» muhe- 
lUatitidQ and phllofophei, and oiic ol tin. gieatcft 
teniufes and belt writers tiiat eoimlry has produced. 
He was born at Clermont in Auvergne, in the year 
4(523. His father, Stephen Pafctil, was prefidcjit of 
the Court of Aids in his pruvinee; he wus alfo a very 
]c.irncd inaHj iin able mathemarielan, and a friend of 
pcs Cartes. 1 ving an exttviordlnaiy tendernefs tor 
this child, lii» only Ion, he fjuitted his ofiice in his 
province, and fettled at Paris in 1631, that he might be 
quite at leifurc to attend to his fon’s education, whieh 
he conducted himlelf, and young Fafeal never had 
any other mafter. 

From hli infancy lllaife gave proofs of a very ex- 
traordinary cap.ecity. He was extremely inquilitive ; 
de/iring to know the rcafon of every thing ; and w'hen 
ood rcatoiis were not given him, he would feek for 
cttcfj nor would he ever yield his aflent but upon 
fuch as appeared to him well grounded. What is told 
of his manner of Icarniag the mathematics, as well as 
the progrefs he quickly made in that fciencc, feema 
almoft miraculous. His father, perceiving in hitn an 
extraordinary inclination to reafoning, was afraid led the 
knowledge of the mathematics mi^it hinder hisjcam- 
ing the languages, fo neceffary as a foundation to all found 
Icurnm^. He tnerefore kept lum as much as he could from 
all notioai of geometry, lucked up all his books of that 
kind^ and refrained even from fpeaking of it in his pre- 
fence. He could not however prevent his fon from 
mufing on that fcience ; and one day in particular he 
furpriicd him at work with charcoal ^on his chamber 
floor, and in the midft of figures. The hither a/ked 
him what he was doing ; I am fearching, fays Pafeal, 
for fuch a thing ; which was jull the fame as the 32d 
propofition of the ift book ot Euclid. He afl<ed mm 
then how he came to think of this : It was, fays Blaife, 
bccaufe 1 found out fuch another thing ; and fo, go- 
ing backward, and iifing the names of bar and romdy 
he came at length to tlic deflnirions and .ixioins he had 
formed to himU-lf, Does it not feem miraculous, that 
a boy ihould work his way into the heart of a mathc- 
matical book, witiiout ever liaving feen that or any 
other book upon the fiibjeit, or knowing any thing of 
the terms ? Yet we art aifured of the tiuth of this by 
bis filler, Madam Perier, and fevcral other perfons, the 
credit of whoCe Icllimony cannot reafonably be quef- 
tioned. 

From this time he had full Uberty to indulge his 
genius in mathematical purfuit.-. He underftoud Eu- 
clid^s Elements as foon as he call his eyes ujiou them. 
At 16 yean of age he wrote a treatife on Conic Sections, 
which was accounted a great effort of gcniiw; and 
therefore it is no wonder that Des Csu^, who had 
been in Holland a long time, upon reading it, O\ould 
choofc to believe that M. Pafeal the father was the 
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real author of it. At 19 he contrived an adipirable 
arithmetical machine, which was efteemed a very won- 
derful thing, and would have done credit as an inven- 
tion to any man verfed in fciencc, and much more to 
fuch a youth. 

About this time his health became impahed, fo 
that he was obliged to fufpend his labours for the fpace 
of four years. After this, hav’ng leen Torricelli’s ex- 
periment refpcifting a vacuum and the weight of the 
air, he turned his thoughts towards thefc objects, and 
undertook leveval nevv' experiments, one of which was 
as follows i Having provided a glafs tube, 46 feet iu 
length, open at one end, and heimotically fcaled at 
the other, he filled it with red wine, tint he migfit 
dlllingulfh the liquor from the tube, and Hopped up 
the 01 dice ; then having inverted it, and placed It In 
a vertical polition, with the lower end immerfed into 
a vcffcl of water one foot deep, he opened the lower 
end, and the wine defeended to the diHance of about 
32 feet from the furface of the veflel, leavitig it conli- 
Jerablc vacuum at the upper part of tL.e tube. He 
next inclined the tube gradually, till the upper end 
became only of 32 feet perpendicular height above the 
bottom, and he ohferved the liquor pri)portlonally 
afcciid up to the top of the tube. He made alfo a 
great many experiments with fiphons, fyiingcs, bel- 
lows, and all kinds of tubes, making ufe of different 
liquors, fuch as quickfilvcr, water, wine, oil, ; and 
having publilhcd them in 1647, he difpeifcd his work 
through all countries. 

All thefc experiments however only afeertained 
effefts, without dcmonllrating the caiifes. Pafeal 
knew that Torricelli conjectured that thofe pheno- 
mena which iie had obferved were occafioned by the 
weight of the air, though they had formerly been 
attributed to Nature’s abliorrtjncc of a vacuum ; but 
if Torricelli’s theory were true, he reafoned that tho 
liquor in the barometer tube ought to Hand higher at 
the bottom of a hill, than at the top of it. In order 
therefore to difeover the tnith of this theory, he made 
an experiment at the top and bottom of a mountain in 
Auvergne, called /r Puy de Dcme, the refnlt of which gave 
him reafon to conclude that die air was indeed heavy. 
Of this experiment lie publilhcd an account, and ftnt 
copies of it to moll of the learned men in Europe. Ik 
aMo renewed it at the top and bottom of fcver.d liigU 
towers, as thofe of Notfc ILimc at Paris, St. Jaque9> 
dc h Bouchcrie, 5 cc ; and always remarked the fame 
difference in the weight of the air, at different eleva- 
tions. This fully convinced him of the general pref- 
fure of the atmofpherc ; and from this difcovcrv he 
drew many ufeful and important inferences, lie 
compofed alfo a large treatife, in which he fully ex- 
plained this fubjeCt, and replied to all the objeiitions 
that had been llarled againft it. As he afterwards 
thought this work rather too prolix, and being fond 
of brevity and precilion, he divided it into two fmoll 
treatifes, one of which he intitlcd, A Differtation on 
the Equilibrium of Fluids ; and the otlicr, An Effay 
on the of the Atmofpherc. Tkcfe labours 

procured plcal fo much reputation, that the greatell 
mathematicians and philofophers of the age propofed 
various queftions to him, and confulted him rtfpcCling 
fuch difficulties as they coidd not refglve. Upon oue 

of 
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'()( tliffc occaTions he difcotered the folutlan of a pro- 
blem propofed by Merfenne, which had baffled the 
penetration of all that had attempted it. This problem 
was tp determine the curve deferibed in the air by the 
nail of a coach-wheel, while the machine is in motion ; 
which curve was thence called a roulUite, but now 
commonly known by the name of cydoid. Pafeal 
offered a reward of 40 piltoles to any one who fliould 
give a fatisfa^loiy aafwer to it. No perfon having 
jiiccccdcd, he publiflicd his own at Paiis; but as he 
begun now to Ik difgullcd with the I'cienccs, lHM\oiild 
not fet his real -naine to it, but fent it abroad under 
tliut of A. d'Ettonville.— This was the lad work which 
he puhlifhed in the mathematics ; his iufii miths, fi om 
a delicate conflltution, though ftill young, now in. 
croahng fo much, tliut lie was under the necefhty of 
rcuouncing fcveic l\i;dy, and of living fo recliife, that 
he fcatecly admitted any peifon to fee him. — Another 
luhjeft on vvhicli Paical wrote very ingenioufly, and 
in whicli he lias been fpoken of as an inventor, wa» 
Avhat lias been called his Aritlimetical Triangle, being 
a let of figurate numbers difpofed in that form. JUit 
fucli a table of numbers, and many properties of 
them, had been treated of more than a century befoic, 
by Cardan, iSt/Tcliuy, and other arithmetical wiitei*. 

After having thna laboured abundantly iu mathc- 
mutlcal and philofophical didjuifitions, he forfook 
thole Undies and all human learning at once, to devote 
hJmfelf to atfls of devotion and penance. He w'as not 
24 years of age, v\ hen the reading feme pious books had 
put him upon taking thin rdolution ; and he became as 
great a devotee as any age has pioduced. He now 
gave himfclf up entirely to a flate of prayer and nior- 
tirication ; and he had alw^ays in his thoughts thefe 
great maxims of renouncing all pleafurc andajl fuper- 
nuity ; and this he praflifed with rigour even lus 
ilhjcflca, to which he was frequently fubjed, being of « 
very invalid habit of body. 

Tli#ugh Pafeal bad thus abftra^led himfclf from fhc 
world, yet he could not forbear paying fonig attention 
to what was doing in k ; and he even intercUed him- 
felf in the contell between the Jefuits and the Janfe- 
nifU. Taking the fide of the latter, he wrote his 
Lettre: PrvviricialeSf publlllied in 1656,^ under the name 
of Louis dc Montahcf making the former' the fiibjed of 
ridicule. “ Thcfc letters, fays Voltaire, may be cOn- 
fidcrcd as a model of eloquence and humour. The 
beft comedies of Molierc have not more wn't than the 
Aril part of thefe letters ; and the fubliinity of the 
latter ,part of them, is equal to any thing iu Bofluet. 

It 18 true indeed that the whole book was built upon a 
falfc foundation ; for the extravagant notions of a few 
bpaniih and Flemifli Jefuits were artfully aferibed to 
the whole fociety^ Many abfnrditics might likev/ife 
have been difeovered among the Dominican and Fran- 
cifcan cafukls ; but this would not have anfwertd the 
purpofe ; for the whole raillery was to be levelled only 
«^t the jefuhs. Thcfc letters were intended to prove, 
that the Jefuits had formed ^ dedgn to corrupt man- 
kind ; d defign which no fc^l or (ociety ever had, or 
can have.” Voltaire calls Pafeal the mil of their fa- 
for Defpreaux, fays he, muft be confidered 
as only the fccond. In' another place, fpcaking of 
work of Paical, he fays, that Examples of all 
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the various fpecies of eloquence are to be found in' 
it. 1 hough it has now been w^ritten alnioft loo 
years,^ yet not a finglc word occurs in it, favouring of 
that viciffitude to w’hich Using languages ai'e fo fubje^V. 
Here then we are to (ix the epos' h when our language 
may be faid to luive a limned a fettled form. The 
bifiiop of J^icon, fon of the celebrated BufTy, told 
me, that allcivg one day tlte bilhep of Meaux what 
work he would covet moll to be the author of, fup- 
pofing h'u ow'U pnformance'j fit shde, Boflii replied, 

1 he JVovincinl Lcitct'?,’* rhefe Ictteis have been 
tr;;j'.nati(l Into all hiii^ungrs, and piinted over and 
over .!{» lin. Some have faid that there sveie decrees 
of fonral condemnation againll them , and alfo that 
Jhdc.d luinlelf, in his l.dl iliiicia, dctelled them, and re- 
pented ot having been a Janfenill : but both thefe 
particulais arc bdle and without foundation. It was 
luppofed that I'ather Daniel v'as the anonymous au- 
thor of a piece againll them, Intitled 7 hc Diah^vrs 
oj CUandsv /inJ LuJoxus, 

Pafeal was but about 30 years of age when thefe In- 
ters were puhliihed ; yet he w as extremely inlirm, andhif 
difordcis incrcviiing foon after fo much, that he con-’ 
ceived his end kdl approaching, he gave up all farther 
thoughts of literary compofition. He rcfolvcd to 
fpend the remainder of his days in retirement and 
pious meditation ; and w’ith this view he broke off all" 
his former connci^lions, changed his habitation, and 
fpokc to no one, not even to bis own femnts, and 
hardly ever even admitted them into his room. He 
made his own bed, fetched his dinner from the kitchen, 
and carried back, tlie plates and clilhcs in the evening; fo 
that he employed his fervants only to cook for him, to 
go to town, and to do fuch other things as he could not 
abfolutcly do himfclf, In his chamber nothing was 
to be feen but two or three chairs, a tabic, a bed, 
and a few books. It had no kind of ornament what- 
ever ; he had neither a carpet on the floor, nor cur- 
tains to his bed. But this did not prevent him from 
fometimes receiving vilits; and when his friends ap- 
peared furprifed to fee him thus without furniture, he 
repljed, that he had what was neceflary, and that any, 
thing clfe would be a fiipei fluity, unworthy of a wile 
man. He employed his time in prayer, and in reading 
the Scriptures; writing dowm fuch thoughts as this 
excrcifc iufuired. Though his continual infirmi. 
tics obliged him to ufe very delicate food, and though 
his fervants employed the ntmoft care to provide only 
what w^as excellent, he never rclifhed w hat he ate, and 
feemed quite indifferent whether they brought hint 
good or bad. His indificreni e In this refpe^t W’as fci 
great, that though histallc was not vitiattd, he forbad 
any faucc or ragout to be made for him which might 
excite his appetite. 

Though Pafeal had now gi\en up intenfe Andy, and 
though ne lived In the moil tiinpirato manner, his 
health continued to decline rapidly ; and his difowlers 
had fo enfeebltd his organs, that his reafon became 
in fomc racafure afleclcd. lie always imagined that he 
faw a deep abyfe on <mc fide of him, and he never 
w'ould fit d0|irn till a chair was placed there, to ftcurc 
him from the danger which he apprehended. At 
another time he prttciuUd that be bad a kind of v I lion 
or eiflaly; a incinoraudum of which he prefeiv«*d 
^ during 
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during the remainder of his life on a bit of paper, cafion to frequent his company hi the or<Kiiary com* 
put between the cloth and the lining of hi« coat, and mcrce of the world, acknowwdgcd hw fupenority ; but 
which he always carried about him, Afitr Ian- it excited no envy againil him, as he was never fond 
guiihing for fcveral years in this imboirtle ftate of body of Ihtwing it. His converfation inftrudled, without 
and mind, M. Pafeal died at Paris the i^ih of Auguil making thofe who heard him^fenfiblc of their own in- 
1662, at 39 years of age. feriority ; and he was remarkably indulgent towards 

In company, I^afcal was (lift ingu 1 filed by the I'mi- the faults (jf others. It may be cafily feen by hi$ 
ablencfs of his behaviour; by great modclly ; and by Provincial Letters, and by feme of his other works, 
his cafy, agreeable, and inftiu<iti\e convcrlaiion. He that he was born with a great' fund of humour, which 
pofle/Tcd a natural kiiifl of eloquence, which was in n his infirmities could never entirely, deftroy. In com- 
manner irttfillibk. The argumenfa he employed for pany, he readily indulged in thatharmlefs and de- 
the mo/l part produced the cd'edt which he propofed ; ficate raillery which never gives offence, and which 
and though his abilities intitled him to affinnc an air greatly tends to enliven convcrUiUvn ; hut its princi- 
of fuperiority, he never difjilayed that haughty and pal objedl was generally of a moral nature. For cx- 
imperioui tone which may often be obfci vctl in men ample, ridiculing thofe authors who fay, My Booh, my 
of (hining talents. The philofophy of this extraordi- Commentary, my Hifiory, they would do better (added 

nary man confided in renouncing all pleafmc, and he) to fay, Our booh, our Commentary, our Hijlory ; 

every fuperfluity. He not only denied himfelf the fincc there is in them much more of ofher people's 
mod common gratifications ; but he took alfo with- than their own." 

out relu£lancc, and even with pleafure, either as The celebrated Baley too, fpcaking of this great man, 
nouridimcnt or as medicine, whatever was difagreeable fays, a hundred volumes of fermons are not of fo much 

to the feiifcs ; and he every day retrenched fome part avail as a fimple account of the life of Pafeal. His 

of his drefs, food, or other things, which he confidered humanity and his devotion mortified the libertines 

as not ablblutcly ncccflary. Towards the clofe of his more than if they had been attacked by a dozen of 

life, he eraplojrcd himfdf wholly in devout and moral miflionarics. In /hort, Bayle had fo high an idea of 

reflexions, writing down thofe which he deemed worthy this philofophcr, that he calls him a paradox in ihs 

of being nreferved. The firft bit pf paper he could find human fpecies* “ When we confider his charaXcr, fays 
was employed for this purpofe ; and he commonly fet he, we are almofl; inclined to doubt whether he was 

down only a few words of each fentcncc, as he wrote born of a woman, like the man mentioned by Lucre- 

them merely for his own ufc. The feraps of paper tius ; ^ 

upon which he had written thefe thoughts, were found ** Ut vix humana ’oideatur Jlirpe creaius,^^ , 

after his death filed upon different pieces of firing, PATE, in Fortification, a kind of platform, like 

yiithout any order or connexion ; and being copied what is called a Horfe-flioe ; not always regular, but 
exaXly as they were written, they were aftei*ward commonly oval, cncompaffed only with a parapet, and 
arrar^cd and publifticd, under the title of Penfees, having nothing to flank it. It is ufually ereXed in 
or ThougUs upon Religion and other Sufjeftr ; being marlhy grounds, to cover a gate of a town, or the 
parts of a work he had intended agninit adieifis and like. 

infidcU, which has been much admired. After his PATH oj' the Vertex, a term frequently ufed by Mr. 
death appeared alfo two othey little traXs ; the one Flamfteed, in his DoXrine of the sphere, denoting a 
intitled, The Equilihrium of Fluids { and the other, circle, deferibed by any point of the earth's furface, 
'’fhe Iv eight of the Mats of Air* . as the cari»i turns round its axisi. 

The works of Pafeal were ColleXed in 5 volumes This point is confidered as vertical to the earth's 
fivo, and publiihedat the Hague, and at Paris, in 1779. centre ; and is the fame witli what is called the vertex 

This edition of Pafeal's works may be confidered as or zenith in the Ptolomaic projeXion. 

the fuil publlflied ; at lead the greater part of them The femidiametcr of this Path of the vertex, is al- 
wcrc not before collcXed into one body, and fome of ways equal to the complement of the latitude of the 

them had remained only in manufeript. For this col- point or place that deferibes it j that is, to the place's 

leXion, the public were indebted to the Abb6 Boffu, diftance from the pole of the world, 
and Pafeal W'as deferving of fuch an editor. “ This PAVILION, in ArchiteXure, is a kind of turret, 

extraordinary man, fays he, inherited from nature all or building ufually iufulatcd, and contained under a 

the powers of genius. He was a mathematician of Angle roof ; fometimes fquare and fometimes in form 

the hrft rank, a profound reafoner,. and a fublime and of a dome : thus called from the refemblance of its 

elegant writer. If we refleX, that in a very (hort roof to a tent. 

life, oppreffed by continual infirmities, he invented a PA VO, Peacoci, a new conftellation, in the fouth- 

eurlous arithmetical machine, the elements of the cal- ern hcmifphcre, added by the modern afironomers. It 
eulation of chances, and a method of rcfolving various contains 14 fiars. 

, problems, refpeXing the cycloid ; that he fixed in an PAUSE, or Rf.st, in Mufic, a charaXcr of filcnce 
irrevocable manner the wavering opinions of the and reft ; called alfo by fome a Mute Figure ; bccaufe 

learned concerning the- weight of the air ; that he it (hews ^iiat fome part or perfon is to be lilent, while 

wrote one of the complctcft works cxifting in the the others continue the fong. 

French language ; and that in his Thoughts there are PECK, a mcafurc or veiiel ufed in mcafuriiig grain, 

paffages the depth and beauty of which arc incompa- pulfe, and the like dry fubftances. 

rable — we can hardly believe that a greater genius ever The ftandard, or Winchefter Peck, contains two 
edified Ijs of nation. All thofe who had oc- gallons, or the 4th part of a bufiiel 
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pedestal, in Architcdurc, the lowefr part of 
an order of columna j being that which fuftoina the 
column, and fervcs it as a foot to Hand upoh. It ia 
g fquarc body or dye, with a cofnicc and bale. 

The proportions and ornaments of the Pedeftal arc 
different in the different ordersT, Vignola indeed, and 
rnoit: of the moderns, make the Pedeftal, and its or- 
naments, in all the orders, one third of the height of 
the column, including the bafe and capital. But foine 
deviate from this rule. 

Perrault makes the proportions^ of the three confti- 
toent parts of Pedeftals, the fame in all the orders ; 
viz, the bafe one fourth of the Pedeftal j the cornice 
an eighth part ; and the focic or plinth of the bafe, 
two thirds of the bafe itfclf. I’hc height of the dye 
is what remains of the w'hole height of the Pedeftal. 

The Tufean Pfdestal is the limpleft and lowcft of 
all ; from to ^ modules high. Jt has only a plinth 
far its bafe, and an aftrag:d’ crowned far its cornicei 

The Doric Pidestal is made 4 or 5 modules in' 
height, by the moderns ; for nO ancient columns, of 
this order, arc found with any Pedeftal, or even with 
any bafe. 

The Ionic Pedestal is from 5 to 7. modules 
high. 

'Vhe Corinf/jIaTi Ph3F.stal is the richeft and moft 
delicate of all, and is fiom 4 to 7 modules high. 

I’he Compofite PiiDestal is of 6 or 7 modules in 
height. 

iiquare Pedestal, is one whofe breadth and hdght 
are equal. 

Double Pedestal, is that which fupports two co- 
lumns, being broader than it is high. 

Continued Pi dfstal, is that which fuppoita a row 
of columns without any break or interruption. 

Pedestals of Statues t are thofe ferviug to fqpport 
figures or (latues. 

PEDIMENT, in Architeflure, a kind of low pin- 
saelc ; ferving to crown porticos, or finifh a froutif- 
piecc ; and placed as an ornament over gates, cloors, 
windo\Ns, niches, altars, ; being ufually of a trian- 
gular form, but fometimes an arch of a ciicle. Its 
huglu is various, but it is thought moft beautiful when 
the height is one fifth of the length of its bafe. 

PEDOMETER, or Podometer, foot-meafiner, 
or way-wifer ; a mechanical inllniment, in form of .1 
watch, and confiding of various wheels and teeth ; 
which, by means of a chain, or firing, faftened to a 
man’s foot, or to the w'heel of a chariot, adv.ujte a 
notch each ftep, or each revolution of the wheel : by 
which it numbers the paces or revolutions, and fo the 
diftance from one pla9e to another. 

Pedometer is alfo fometimes ufed for the com- 
mon furveying wheel, an inftrument chiefly ufed in 
meafuring roads,; popularly called the way-wifer. Sec 
Perambulator. 

PEER, in Building, See Pier. 

PEGASUS, the Horfe, a conftcllation of the iforth- 
ern hemifpherc, figured in the form of a flying horfe ; 
being one of the 48 ancient conftellations. 

It is fabled, by the Greeks, to have been the off- 
fpring of an amour bctw»cen Neptune and the Gorgon 
Medufa ; and to have been that on which Bellcrophon 
Tode when he overcame the Chimera ; and that flying 


from mount Helicon to heaven, he there became n 
eonftcllation ; having thrown his rider in the flight \ 
and that the ftrokc of his hoof on the mount opened the 
facred fountain Hippocrene. 

The ftars in this conftcllation, in Ptolomy*£rcata- 
logue, are 20, in Tycho’s 19, in Hevelius’s 38, and 
iu the Britannic catalogue 89. 

PELECOIDES, or Haichct-form^ in Geometry, a 
figure in form of a hatchet. 

As the figure ABCDA, con- 
tained under the femicircle 
BCD and the two quadrantal 
arcs AB and AD.- 

The area of the Pciccoidcs 
is equal to the fquarc AC, 
and this again is equal to the 
redlangle BE. Jt is equal to 
the fquarc, bccaufe the two 
fegments ABandAD, which 
it w'ants of the fquarc on the 
lower part, are coinpcnfatcd by the two equal fegmenta 
BC and CD, by which it exceeds on the upper part. 
And the fquare is equal to the rcdlangic BE, Lecaufc 
the triangle ABD, which is half the fquarc, is alfo 
half the rt'^Iangle BE of the fame bafe and height with 
it. 

PELL (Dr. John), an eminent Englifti mathema- 
tician, defeended from an ancient famUy in Lincoln- 
ftiirc, was born at Southwick in Suffex, March i, 
1610, where his father was minifter. He received his 
giamiimr education at the frcc-fchool at Stenning in 
that county. At the age of 13 he w-as fintto Trinity 
College in Cambridge, being then as good a fcholar as 
moft mafters of arts in that univerfity ; but though he 
was eminently ftrilled in the Greek and Hebrew lan- 
guages, he never offered himfelf a candidate at the 
election of fcholars or fellows of his college. His per- 
fon was handfome ; and being of a llrong conftitution, 
ufing little or no recreations, he profecuted his ftudiea 
with the more application and intenfenefs. 

In 1629 he drew up the “ Deferipiiort and Ujt of 
the Quadrant i 'ivrittcu for the Ufe of a Friend^** in treo 
books ; the original mamifcript of which isftill txtant 
among his papers iu the Royal Society. And the 
fame year he held a conefpondcnce witli Mr. Briggs 
on the fnbjedi of logarithms. 

In 1630 he wrote, Modus fupputandi Ephemerides 
y1]lronotmcaSj ad an^ 1630 accotfwiodntus ; and, A 
Key to utdock the meaning of Johannes TrithemiuSy in his 
Dtfcourfe of Steganography : which Key he imparted to 
Mr. Samuel Hartlib and Mr. Jacob Ilomcdar. The 
flime yc.'ir he took the degree of Maftcr «f Arts at 
Cambridge. And the year following he.was incorpo- 
latcd iu the Univerfity of Oxford. June the yih, he 
wrote A Letter to Mr, Edmund IVingate on Logarithms / 
and OdI. 5, 1631, Comment ationes in Ctfmographuim 
Aljledii. 

In 1632 he married Ithamaria, fecond dauglitcr of 
JVlr. Henry Reginollcs of J,undon, by w'hura he had 
four foils and four daughters.— -March 6, 1634, he fi- 
niflied his AJit'onomical Hijlory of Ohfervationt of //eu- 
vssdy Motions and Apptarancis ; and April the lotli, 
h«8 EcUptica PrognoJUcOy or Foreknciuer of the EcHpfes, 
Cfr.’— In 1634 he trunflated I he Everlajling *Tahles of 

Iltavenly 
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Hcnvtnly Moliorn^ f;roundcd upon tJic Obfirvuilons of 
aJJ and agreeing with them all, by Philip Lanf- 

l)er^, of Ghent hi Flanderj. And June the I 2 tb, the 
iainc year, hr committed to writinjij, T/>i‘ Manner of 
Deducing his Afvonomical *Talles nut of the 7 ablrs and 
Axiom of Philip Lanjberg. — March the 9th, he 

wrote A Letter of Remarks on CdliLrand*: Mafhenuitical 
Dijcourfe on the Variation of the Afagnetic NcaPe, And 
the 3d of June following, another on the fume fub- 

jert-'. 

His eminence in mathematical knowledge was now 
fo great, that lie was thought worthy of a pioftflbr^s 
chair in that fcicnce ; and, upon the vacancy of one at 
Amllcrdam in 1639, Sir William Bofwcll, the Englifii 
Refident with the Statcii General, ufed his intcrell, that 
be might fuccecd in that profefrornilp : it was not filled 
up however till 1643, " hen Pell was chofen to it ; and 
he read with great ajiplaiifc public le^lures upon Di> 
ophantui. — In 1644 he printed at Amllcrdam, in two 
pages 4to, A Refatalion of f.ongomontanus\ Difconrfe, 
De Vera Cireuli Mitifura. 

In 1646, on the invitation of thePiInccof Orange, 
he removed to the new college at Breda, ai Profcffbr of 
Mathematics, with a fcihiry of tooo guilders a year. — . 
His Idea Mathefeos, which he liad addieHcd to Mr. 
Hartlib, who in 1639 had fent it to Oes Cartes and 
Merfenue, was piinted 1650 at London, in 121110, in 
Erigllfll, with the title of An Idea of MathemrJus, 
at the cud of Mr. John Duric’s Reformed. Libiary- 
heeper. It is alfo printed by Mr, Hook, in his Philo- 
fophical Colledions, No. 5, p. 127 j and is ellc<;med 
our author’s principal work. 

lu 1652 Pell returned to England: and in 1654 he 
was fent by the protestor Cromwell agent to the Pio- 
tcibnt Cantons in livvitzerlaud ; where he continued 
till Juue 23, 1658, when he fet out for England, where 
he arrived about tlie time of CromwclPs death. Hib 
ficgociatlons abroad gave afterwards a general fatisfac- 
tion, as it appeared he had done no fmall fcrvice to the 
inUrellof kingCharlcB the Second, and of the church of 
England *, fo that he was encouraged to enter into 
holy orders ; and in the j ear 1661 he waas inllituled 
to the re^oiy of Fobbing in ElTex, given him by the 
king. In December that year, he brought into the 
upper boufc of convocation the c.alendar rcfoimrd by 
him, aflillcd by Bancroft, aftcrw'urds archblfliop of 
Cantcibury. — In 1673 he was prefented by Sheldon, 
bllliop of London, to the rcdoiy of Laingdon in hf- 
fex ; and, upon the promotion of that biOiop to the foe 
of Canterbuiy foon after, beca nc one of his domdlic 
chaplains, lie was then do^or of divinity, and cx- 
pc^bd to be made a dean ; but his improvement in the 
philofophical nnd mathematical fcicnccs was fo much 
the bent of Ins genius, that he did not much purfue 
his private advantage. The truth is, he was a hclplefs 
man, a3 to worldly airairs, and his tenants and relations 
impofed upon him, cozentd him of the piofits of his 
parfonuge, and kept him lb Indigent, that he wanted 
necefiaries, even ink and paper, to his dying day. He 
wui for fomc tiinc confined to the Kin^’s-bench prlfon 
for debt; but, in March 1682, was mvited by Dr. 
Wbttler to live in the college of phyficians. Here he 
continued till June foUowipg ; wlieti he was obligedi 


by hii ill hte of health, to remover to thclitmfe t 
grandchild of his in St. Marpret's C!iurch-;^rd, WdL 
min/ler. But he died at the hotife of Mr. Cothorne, 
reader of the church of St. Giles's in’ the F/cIds, De- 
cenihcr the r2tli, 1685, in the 74th year of hfs ap, 
and w'as inteircd at the expence of Dr. Bu/by, mailer 
of Wcftminilcr fchool» and Mr. Sharp, re6lor of St. 
Giles's, in the reiSlor'^ vault under that church.——* 
Dr. Pell publlihcd fomc otlier things not yet mention- 
td, a lift of w’hich is as follows : viz, 

I. An Excrcitatioit concerning Eaftcr; 1644, in 
4to. 

I. A Tabic of 10,000 fqnare numbers, i:c ; 1672, 
folio. 

3. An Inaugural Oration at hi« entering upon the 
ErofcIToifliliT at Breda. 

4. He made great alterations and additions to Rho- 
nius’s Algebra, printed at London 1668, 410, under 
the title of, An liitrodiidion to Algebra ; tranfluted 
out of the High Dutch into Engliih by Thomas 
Blanker, much altered and augmented by 1 ). P. (Dr, 
Pell). Alfo a Table of Odd Nuinbevs, lefs than 
100,000, fticwing thole that arc incompollte, See, fup* 
putated by the fame Thomas Blanker. 

5. His Conti overfy with Loiigomont.mus concem- 
ing the (.L^adrature of the Circle ; Amfterdam, 

4to. 

He likewife w’rote a Demonftration of the 2d and 
loth books of Euclid ; whicli piece was in MS. in the 
library of lord Brereton inCbeihi e: as alfo Arelii- 
mcdcoi’s Arenarius, and the greatell part of Diophan- 
tus'8 6 books of Arithmetic ; of which author he wav 
preparing, Aug. 16^4, a new edition, in which he in* 
tended to have correded tlie tranflation, and made new 
illuftrations. He defigned likewife to puhliih an edi- 
tion of Apollonius, but laid it afulc, in May, 1647,111 
the dcfireof Golius, wlio was engaged in an edition of 
that autlior from an Arabic mainifcript given' him at 
Aleppo 18 yean before. Letters of Dr. Pell to Sir 
Charles Cavendifli, in the Royal Society. 

Some of his manufcirins he left at Brereton in 
Chefliirc, where he relided fomeyrdis, being the feat of 
William lord Brereton, who liad Ikcu Ms pupil at Bre- 
da. A great many others came into the hands of Dr. 
Bufl>y } which Mr. Hook wasdcfired to «fe his enck.>- 
vours to obtain for the Society. But they continued 
buried under dull, and rniited w ith the papers and pam- 
phlets of Dr. Bulby, in four large boxes, till 1755; 
when Dr. Birch, fecrctary to the Royal ScKiety, pro- 
cured them for that body, fiom the trufteea of Dr, 
Bufby, The collcClion contains not only Pell’s matlie- 
mat ical Papers, letters to him, and Cvipies of thofe from 
him, &c, but alfo feveral manuferipts of Walter War- 
ner, the mathematician and pliiloMpher, wdio lived iu 
the reigns of James the Firtl and Charles the Eirft. 

Dr. Pell invented the method of ranging the foveral 
fteps of an algebraical calculus, in a proper order, in 
fo many diftm^\ llnefi, with the number affixed to cadi 
ftep, and a ftiort defermtion of the operation or pro^ 
cels ia the Hue. He alio invented the c^haradcr -r fo** 
divifion, for involution, and lu for evolution, 

PENCIL of Rayt^ in Optics, is a double cone, cf 
pyramid, of rays, joined together at the bafe ; as 

BGSC I 
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■BCSC : the one cone having it» vertex in feme point 
of the obieft at and tjic ciyftallinc humour, or the 
glaffi GLo for its bafe ; and' the other having its bafe 
on the fame glafs,' or cr)'ftalline, but its -vertex in the 
point of convergence, as at C. 


C 
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TONDULUM, in Mechanics, any heavy body, fo 
fufpended that it may fwing backwards and foiwaids, 
about fome fixed point, by the force of giavity. 

Tliefe alternate afeents and delcefils of the l*cr»d«dnm, 
arc called its Ofeillatians, or Vibrations; each com- 
plete olcillation being the dtfeent from the highefl 
point on one fide, down to the lowed point of the arch, 
;ind fo on up to the liigheft point on the other fide. 
'I’lie point round which the Pendulum moves, ’or vi- 
bratos, is called its Centre of Motion, or Point of »Suf- 
penlion ; and a right li'ie diawn llirough the centre of 
rr.olion, paralkl to the hoii'.on, and pcipendicnlar to 
the p’ -'le in vvl ich the Pendulum moves, is called the 
Axis oi Oiulh'tion. 'i'heie is alio a ceilain point 
within every Pendulum, into vvhic’u, it rVi the matter 
that (ompnlts the Peiidulmn were colhdfcd, or con- 
ilenfcd as into a point, the times in whiv h the vibrations 
would be performs. 1, \\ou1d not be dtered by fucli ctm- 
dtnfation ; and this ] oint is called Centre of Ofcilla- 
lion. The length of the Pendulum is alwrys cllhnated 
by the diilancc of this point below the vcntre of mo- 
tion ; being iifually near the ’,u/tiori<d the Pendidmn ; 
but in ^cylinder, or any other umfe- m puhn or lod, it 
is at the diilancc of one i md fioin the bottom, or ivs-o- 
t birds froiVi and below the ccntit ui jn't..<,u 

'Phe length of a Pend hum, i ■ mca<Mod to h' ccrUte 
of ofclllation, that it will perfonii ' ai h -.ihraliou in a 1'“- 
rr nd ol lime, tliencc call 'h. the Ic' ond . ihndulu*., 
has, in the latitude of J.ondon, been g.nei ally t ilun at 
^<rTTj or 39 j inches ; but by l^omc very inyu me us ai d 
accurate experiments, the late cck crated Mr. Cei ige 
Graham femnd the true length to be 39 , Vmy> inehc., cr 
39^ inches very nearly. 

The length of the Pendulum vibrating ftconds at 
Paris, was found by Varin, Dts Hays, Dc Glo$, nml 
Godin, to be 440^, lines; by Picard ^ 40 i Hues ; arid 
by Mairan 440,^ lines. 

Galileo W’as the firil who made ufc of a heavy body 
annexed to a thread, and fufpended by it, for mca- 
furing time, in his experiments and obiervations. Kut 
according to iiturmiui, it was Riccioli wIk) fud oL- 
ferved the ifochronifni of Pendulums, and made ufc of 
them in mcafaring time. After him, Tycho, Lan- 
grene, Wcndeline, Mcrfenne, Kircher, and otliers, ob- 
ferved the fame living ; though, it is faid, without any 
intimation of what had been done by Riccioli. But it 
was the celebrated Huygens who firll demonftrated the 
principles and properties of Peijdulums, and probably 
the firft who applied them to clocks. He demon- 


ftratedy that if the centre of motion were perfcAljr 

fixed and immoveable, and all ananner of fiidb’o% and 
lefillancc of the air, removed, then a Penchilmn, 
once fet in motion» would for ever continue tc» vibrate 
without any dccrcafc of motion, and th?,t all its vibra- 
tions would bo pcrfcdly ifocbronal, or performed ni 
the fame time, xlci.cc the Pendulum has uuivcrf*dly 
been confidered as the bell chronometer or meafurcr 
of time. And as all Pendulums of the fame length 
pcrfornl their vibrations in tlic f ime liure, without re- 
gard to their diffeicnL weights, it has liCeii fnggcfled, bv 
means of tliem, to ellablilh an univerfal llandard for all 
coimtties. On thi.s principle Mout* n, cairon ol Ly- 
ons, has a treatile, l)e Menfuru poller is trnnlmittendii ; 
and fevetal others lince, as Whitehurll, &c. *Sce fA'i- 

/ /.'// M 1- AS U R !• . 

Pcirdulurns are cither frniple or compound , arrd each 
of thefe may be confidcMcd either in theory, or a« ill 
practical mechanics among ai-tifAus. 

W Simjyld PtN ou LU M, in Theory, 
conlills of a fingle weight, as A, 
confidcud as a point, and an in- 
flexible right line AC, fiippofed 
void of gruNily or weight, aiiel fuf- 
pended from a fixed point or cen- 
tre C, al>out which it moves. 

A C'jmpfjund Pfndulum, ip 
Theory, is a Pendulum conlifljng 
of fevetal weights moveable about 
one common centre of motion, hut 
connerflcd together fo as to rs-tain the fame diflance 
both from one anoth.r, and from lire centre about 
wlu’( h they vibralv. 

"The Doilriue anil /..kim- of Pendulums, — i. A 
Pendulnin raifed to B, tlirough the arc of the circle 
AB, w ill fall, and rife again, through an equal arc, to 
ap<nut equally high, asD ; and thence will fjl to A, 
and again rife to B ; and thus continue rifingand fall- 
ing per petually. Tor it is the fame thing, whether the 
body full down the infidc of the curve BAD, by the 
force of gravity, or be retained in’it by the adion of 
tlic firing ; for they wu'll both have the fame effcrFl ; 
arid it is other wife known, from the oblique defeents of 
bodies, that the body will defeend and afeend along the 
c rvt in the manricr cibo\<* deferibed. 

Kxpericnce aifo confirms this theory, in any finite 
number of olcillatlons. But if tliey be fuppoled infi- 
nitely continued, u difiTerenee will arife. Por the re- 
fdhoKeof the air, and che friAion and rigidity of the 
I’ring about the centre C, will take off part of the 
fo-ce acqiuVd in falling; whence it happens that it 
w ill not rife preciftly to the fame point from whence it 
fell. 

Thus, the afeent continually diminifhing the of- 
cdlalioir, this will be atlaft flopped, and thclVndiiluin 
wdll bang at reft in its natural diredion, which is per- 
pendicular to the horizon. 

Now as to the real time of ofcillation in a circular 
arc BAD: it is demonflrated by mathematicians, that 
if A =r 3*141^, denote the circumference of a circle 
whofe diameter is 1 ; or 193 inches, 

the fpacc a heavy body falls in the firft fecond of 
time ; and r rr CA the length of the Pendulum ; alfo 
a = AE the height of the arch of vibration ; then the 

time 
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time of each ofcillation in the arc BAD will be equal 




to pJ — X into the infinite ferici 
2£ 


t^a 

2*</ 


i».3V 


See, 


2-’4V» ^ 2».4".6VJ 

where t/ = 2r is the diameter of the arc deferibed, or 
twice the length of the Pendulum. 

And here, when the arc is a fmall one, as in the 
cafe of the vibrating Pendulum of a clock, all the 
ferms of this feries after the ad may be omitted, on 
account of their fmalhcfa ; and then the time of a whole 


■xC + y). 


vibration will be nearly equal to 

So that the times of vibration of a Pendulum in dif- 
tV‘rcnt fmall arcs of the fame circle, are as Sr + a, or 
times the radius, added to the vnfed fine of the fc- 
miarc. 

And farther, if I) denote the number of degrees in 
ilic femiarc AB, whole vorfedline is n, then the qiiaii- 
tity laft mentioned, for the time of a whole vibration, 
r I)"" 

is changed to x ( i — — ). And therefore 

the times of vibration in dift’erciit fmall arcs, are as 
c;2 524 + or as the number 52524 added to the 
i'quare of the number of degrees in the femiarc AB. 
.Sec my Conic Sediuns and Sclcd Kxercifes, p. 190. 



2. I.ct CB be a femicyclold, having Its bafe EC par- 
allel to the horiaon, and its vertex B dowmwards ; and 
let Cl) be the other half of the cycloid, in a fimilar 
pofition to the former. Suppofe a Kndulum firing, of 
the fame length with the curve of each fcmicycloid BC, 
or CD, having its end fixed in C, and the thread ap- 
plied all the w'ay clofc to the cycloidal curve BC, and 
confequently the body or Pendulum weight coinciding 
with the point B. If now the body be let go from B, 
will dcfcciid by its own gravity, and in defeend- 
ing it will unwind the firing from off the arch BC, 
as at the poliuon CGH ; and the ball G will de- 
feribe a femicyclold BH A, equal and fimilav to BGC, 
whew It luas arrived at tire lowed point A ; after which, 
it w’ill continue its motion, and afeend, by another 
equal and limilar femicycloid AKD, to the fame height 
D» as it fell from at B, the filing now wTapping itfclf 
upon the other arch CID. From D it will defeend 
again, andpafs along the whole cycloid DAB, to the 
point B; and thus perform continual fucccflive ofcilk- 
ttons between B ana D, in the curve of a cycloid ; as 
It before ofgillatcd ia the curve of a circle, in tlic for- 
■iCr cafe. 


This contrivance to make the Pendulum ofeillate fa 
the curve of a cycloid, is the invention of the celebrated 
Huygens, to make the Pendulum perform allltsvibra. 
tions in equal times, whether the arch, or extent of the 
vibration be great or fmall ; which is not tlie cafe in 
a circle, where the larger arcs take a longer time to run 
through them, than the fmallcr ones do, as is well 
known both from theory and pradlice. 

The chief pioperties of the cycloidal Pendulum 
then, as demonflrated by Huygens, arc the following, 
I ft, That the time of an ofcillation in all arcs, w lie- 
thcr larger or fmalkr, is always the fame quantity, vi/, 
wdiether the body begin to defeend fiom the point B, 
and deferibe the femiareh BA ; 01 that it begujs at H, 
and deferibes the ai eh HA ; or that it fets out from 
any other point ; as it will ft ill defeend to the loweil 
point A in exadlly the fame time. And dt is farther 
proved, that the time of a vvliole vibration through any 
double arc BAD, t)r HAK, See, is in proportion to 
the time in wliich a heavy body will ficcly fall, by tlm 
force of gravity, through a fpacc equal to |i\C, lialf 
the lengtn of the Pendulum, as llie cincumfeicnee oi a 
circle is to its diameter. So that, if g — 16 A- 
denote the fpace a heavy body falls in the firft fecond of 
time, p =r 3*1416 the circumfeience of a circle whofe 
diameter is i, and r = AC the length of the Pendii- 
him ; then, bccaufc, by tlic nature of dcrceiits by 

gravity, : -v/Jr : : l'' : that is the time in 

w hich a body will fall through \r, or half tlielengtli of 
the Pendulum ; therefore, by the above proportion, as 

I : d : : v/— : ^a/— , wdiicli is tlu-Mimc of an eiiliie 
^ 2 ,!r 20 

ofcillation in the cycloid. 

And this concliifion is abundantlv confirmed by c>:- 
perience. For example, if w’C confider the time of a 
vibration as i fecond, to find the length of the Pendu- 
lum that will fo ofeillate in i fecond; this gi\o 

r 

the equation p »/ — i ; wdiich reduced, gi\cs 

r n: — inches = 30-11 or 30^ inches, 

/)* 3 'i 4 *^ 

for the lengtli of the fccond’s IVndnlnin ; which the 
bell experiments ftiew to he about 39^ inches. 

3. Hence alfo, we have a method of determining, from 
the experimented length o^a Pendulum, the fpace a hea\y 
body w'iU fall perpendicularly through in a given time : 

p* 

for, fince =r i, therefore, by reduction, j = ?/^V 

is the fpace a body wdll fall through In the firft fecond of 
time, when r denotes the length of the fecond^ Pen- 
dulum ; and as conilant expenence ftic\V8 that this length 
is nearly 39I inches, in the latitude of London, in this 
cafe^ or \p^r becomes \ x 3*1416^ X 39^ = 193*07 
inches = very* nearly, for the fpace a body 

will fill! in the firll fecond of time, in the latitude 
London : a fa£l which has been abundantly confirmtd 
bv experiments made there. And in the fame manner, 
Mr. Huygens found the fame fpacc fallen through at 
Paris, to be 15 French feet, ^ 

The whole do^rinc of Pendulums, ofcillatirfe be- 
tween two. femicycloids, both in theory and prSlke. 

w’as 
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RUtJjor, in liis TToroIoHym Ofcilla- 
toriutn, five pcmonilrjitioiics dc Motu r<*ndiilorum. 
And every thing that regards 1 he motion of Pendulums 
bfls lincc been demondrated in difTcient ways, and par- 
ticularly by Newton, wjio ha: given an admhahle theo- 
ry on the fubjtil, in hin rrintip.'a, whete lie has ex- 
tended to epicycloids ihc propcuitj danondrattd by 
Huygens of the cycloids. 

4. As the cycloid may be c«-nf.i!crcd as coinciding, 
in A, with any fmall aic id' a cin lc d^feribej from the 
centre C, pafling tliii.'n::^h A, uhcie it is known the 
two cm vi-S have tlic l.ni I laclu's and cm vatiirc ; thtic- 
fore the tunc in the fmall .nc of inch a circle, will be 
nearly cr|iinl to tin. time in tJic cyvloid ; fo that the times 
in vtiy fmalh ci' <. nltir arcs arc cijiial, hccaiifc ihefe fmall 
arcs may be tonlidercd in portions of the cycloid, as 
well ?.fl of the (iulc. And this is one great rcafon 
why ll’.e Pendulums of clocks arc made to ofcillate in 
as fmall aies as polfible, vi/, that tlicir ofcillatious may 
he ibt ncaui to aeoidlant equality, 

'I'liioinay alfo he deduced from a comparlfon of the 
lanes of vibration in the circle, artd in the cycloid, aa 
l.jid down In the foiegoing articles. It has theie 
l.een fliewn, that the limes of vibration in the cliclc 
jnd cycloid are llii.'s, viz, 


lime in the circle nearly X f i 4 * 

2x ' 8r^ 

time In the cvcloldal arc 1 

2/ 


where It is evident, that the former always exceeds the 

hitter in the ratio of i + ~ to i j but this ratio al- 
or 


gravity is lefa there j atul confcquently (he parti about 
the equator are higher or farther fipm the centre, than 
(he other parts ; and the (hape of t)ie e^rth is not a 
trfie fpheie, hut fomewbnt like an oblate fphcrold, 
flatted at the poles, and raifed gradually tow'ards the 
equator. And hence allo ilie times of the vibfation of 
the fame renduhim, in different latitudes, afford n 
method of determining the Hue figure of the earth, 
and the proportion between its axis and the cquatorral 
diameter. 

T. bus, ]M. Richer found by an experiment made in 
the illand Cayenna, about 4 degrees from the equator, 
w here a Pendulum 3 feet 8} lines long, which at Parii 
vibrated feconds, lequircd to be fhoitcned a line and a 
quAitcrto make it vibrate fcconds. And many other 
obfervations have confirmed the fame principle. Sec 
Newton’s Pn'ncipia, lib. 3, prop. 20. Py comparing 
the difierent oblerv.ttions of the French afironomers, 
Newton apprehends tliat 2 liiies may he confiderei! as 
the length a fccondi Pendulum ouglit to be decrenfed 
at the equator. 

From fomc obfervations made by Mr. Campbell, in 
1731, in Bhek-river, in Jamaica, 18^^ north latitude, it 
is colleflcd, that if the lingth of a fimjilc Peudiilutn 
that fwingi fcconds in London, be 39*126 Englifii 
inches, the len^h of one at the equator would be 
39*00, and at the poles 39’2 o 6. Pliilof, Tranf. numb. 
432 ; or Abr. vol. 8, part i, pa. 238. 

And hence Mr. Emerfon has computed the follow- 
in^ Table, fhewing the length of a Pendulum that 
fwmgs fcconds at every 5th degree of latitude, ns alfo 1 he 
length of the degiccof latitude there, in Engllfli miks. 


ways approaihes nearer to an equality, .as the arc, or 
as its verfed fine 1/, isTmalltr; till at length, w^en it 

is very fmall, the term may be omitted, and then 

o/* 

the times of vibration become both the fame quantity, 

Farther, by the fame comparifon, it appears, that 
the time loft in each fecond, or in each vibration of the 
fecond’s Pcnduluf.i, by vibrating in a circle, inftcad of 
a 

a cycloid, if or — — ; and confcquently the time 
8 r 52524 

kift in a whole day of 24 houri, is ^D* nearly. In like 
manner, the fcconds loft per day by vibrating in the 
»rc of A degrees, if 5 A*. '^J’hcrcfore if the Pendu* 
lum keep true time in one of thtfc arcs, the fccondi loll 

E ined p<tr day, by vibrating in the other, will be 
^ — A*}? So, for exanijne, if a Pendulum mea- 
ruc time in an arc of 3 degrees, on each fide of 
the lowcft point, it will lofc 11} fcconds a day by vi- 
brating 4 degrees j and 26} fcconds a day by vibrating 
B degixcf ; and fp on, 

5. The a^lion pf gravity is Icfa in tliofe parts of the 
«rth where the ofcflationi of the fame Pendulum arc 
flower, and gix^ter where thefe are fwifter; for the 
^me of ^ofcuiatioA is reciprocally propprtiontl to 
Aod it being jfbuod by experiment, that the ofcHlations 
the £ime Pendulum are Ilowe/near the equator, thau 
»» ^acea farther firom it j it follow! that W of 
Wi. II. 


1 Hc^ICCb uf 

1 Lit. 

Lcii^in oi feu- 
dulum. 

i.Cl.J'lij Vjf UlC 

Hcgrce. 

0 

intl.H, 

39*027 

68*723 

5 

39*029 

6 S -730 

JO 

39*032 

r).i-7jo 

6S-7S3 

: 15 

3<;'036 

20 

.rFC 44 

68*830 

25 

39*057 

68*882 


39-070 

68 * 95^0 

3 > 

3 f^^S 4 

69*020 

40 


r:y'0y7 

45 

39*111 

6^176 

50 I 

39*126 

69*256 

55 


69*330 

60 

39*'58 

69*401 

65 

39*168 

69-467 

70 

S 9 * n 7 

69*522 

75 

39**«5 

69*568 

80 

39*191 

69*601 


39*195 

69*620 

96 

39*^97 

69*628 


6. If two Pcndulufui vibrate in fimHar arcs, thr? 
times of vibration ai*e in the fub-duplicate ratio of 
their lengths. And the lengths of Pendutums vibrating 
in fimilar arcs, are in the duplicate ratio of the timei 

' of 
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6f i Yibration dirc£lly ; or in the reciprocal duplicate 
rktio oi tiie number of ordllatiotw made in any one and 
the ftmc time. For, the time of vibration / being ae 


where p and^ arc conllant or given, therefore 

t is an ^r, and r as /*- Hence therefore the length of 

a half-fccond Pendulum will be ‘r or — — = 9*781 

4 

incites j and the length of the quartcv-fecond Pendu- 
lum will be , jr = = 2*445 inches ; and fo of 


others. 

7. The foregoing laws, &c, of the motion of Pen- 
dulums, cannot ftndly hold good, unlcfs the thread 
that fuilains the ball be void of weight, and the gravity 
of the whole ball be colledcd into a point. In pradicc 
therefore, a very fine thread, and a iniall ball, but of a 
very heavy matter, arc to be ufed. But a thick thread, 
and a bulky ball, dillurb the motion very much ; for 
in that cafe, the fimple Pendulum becomes a compound 
one ; it being much the fame thing, as if fcveral weights 
were applied to the fame inflexible rod in fcveral 
places. 

8. M. Krafft in the new Peterfburgh Memoirs, vols 
6 and 7, has given the rcfult of many experiments upon 
Pendulums, made in different parts of Kullia, with de- 
dudions from them, from whence he derives this theo- 
rem : If X be the length of a Pendulum that fwings fc- 
conds in any given latitude /, and in a temperature of 10 
degrees of Reaumur’s thermometer, then will the length 
of that Pendulum, for that latitude, be thus cxprcfkd, 

VIZ, 


A = (439’178 -F 2‘32I x fimV) lines of a French foot. 


And this expreflion agrees very nearly, not only with 
all the experiments made on the Pendulum in Kuflia, 
butalfo, with thofc of Mr, Graham, and thofeof Mr, 
Lyons in 79* 50' north latitude, wliere he found its 
length tube 441*38 lines. See Oblateness, 

Siwp!e Prj^dulum, in Mechanics, an expreflion 
comnuudy ufed among artills, to ditlinguifh fuch Pen- 
tluhims as have no provifion for correding the effedsof 
heat apd cold, from thofc that have fuch provifion. 
Alfo Simple Pendulum, and Detaeiied Pendulum, are 
terms fometimes ufed to denote fuch Pendulums as arc 
not conntded with any clock, or clock-work. 

Compound Pbndulvm, in Mechanics, is a Pendulum 
whofc rod is compofed of Iw'O or more wires or bars of 
metal. Yhefe, by undei going different degrees of cx- 
panlion and contradion, when expufed to the fame heat 
or cold, have the difference of expanfion or contradion 
made to ad in fuefi manner as to preferve conflantly the 
fame 4iftanec between the point of fufpenfion, and 
<^cntrc of ofcillatkm, although expofed to very different 
and various dmecs of heat or cold. There arc a great 
variety of co'nllrudions for this purpofe ; but they may 
be all rirduced to the Gridiron, the Mercurial, ahd the 
J.evcr Pendulum. 

It may be juft obferted by the way, that the vulgar me- 
thod of remedying the incontentence trriillg from the <!x- 
tenfiOD and contr^cn of the rodi of comition Pendulums, 
ia by applying the bob, or fmall ball, MThh a ferew, at 
^h^ Itvvcr end $ by which meluis the PeaduluiD it at any 


tpne made longer or fhorter, at the ball it fcre\eed 
downwards or ujpwards, and thus the time of its vibra- 
tion is kept continually the fame. 

Tht Gridiron Pendulum was the invention of Mrt 
John Harrifon, a very ingeniout artift, and celebrated 
for his invention of the watch for finding the difference 
of longitude at fca-, about the year 1725 ; and of feve- 
ral other time keepers and watches fince that time ; for 
all which he ccccived the parliamentary reward of be- 
tw'ccn 20 and 30 thoufand pounds. It confifts of 5 
rods of (led, and 4 of brafs, placed in an alternate order, 
the middle rod being of fteel, by which the Pendulum 
ball is fufpended ; thefe rods of brafs and fteel, thus 
placed in an alternate order, and fo conne« 51 cd with ench 
other at their ends, that while the expaniion of the fteel 
rods has a tendency to lengthen the Pendulum, the cx- 
panfion of the brafs rods, afting upward*?, tends to 
Ihortcn it. And thus, when the lengths of the lials 
and fteel rods ar^* duly proportioned, their txpanfions 
and coiitra6rion8 will exadly balance and coired each 
other, and foyreferve the Pendulum invariably of the 
fame length. The finmliclty of tliis ingenious contri- 
vance is much in its favour ; and the diiHcuUy of ad- 
juilmcnt feeras the only ohjedion to it. 

Mr. Harrifon in his firft machine for rncafurlng 
lime at fca, applied this combination of wiics oi biafs 
and fteel, to prevent any alteiations by heat or cold ; 
and in the ifiachincs or clocks he has made for this 
purpofe, a like method of guarding againft the irre- 
gularities ariftug from thiscaufe is ufed. 

The Mercurial Pendulum was the invention of the 
ingenious Mr. Graham, in confequcncc of fcveral ex- 
periments relating to the materials of which Pendulums 
might be formed, in 1715. Its rod is made of brafs, 
and branched towards its lower end, fo as as to em- 
brace a cylindricglafs vcffcl 13 or 14 inches long, and 
about 2 inches diameter ; which being filled about 1 2 
inches deep w'ith mercury, forms the weight or ball of 
the Pendulum. If upon trial the cxpanfion of the rod 
be found too great for that of the mercury, more mer- 
cury muft be, poured into the vcffel : if the cxpanfion of 
the mercury exceeds that of the rod, fo as to occafiou 
the clock to go fall with heat, fume mercury muft be 
taken out of the vcflel, fo as to Iho^ten the column. 
And thus may the cxpanfion and contra^lion of the 
quicJcfilvcr in the glafs be made cxaaiy to balance the 
cxpanfion and ctmtraaion of the Pendulum rod, fo as 
to prclervc the diftance of the, centre of ofcillation from 
the point of fufpenfion invariably the fame. 

Mr . Graham made a clock of this fort, and compared 
it with one of the beft of the common fort, for 3 ycafs 
together j when he found the errors df his but dbout 
onc-cighth part of thofc of the latter, Philof. Tranf, 
numb. 392. 

The Lc^ Pe N DU L u M. From all that appears con- 
cerning this conftrudlion of a Pendulum, we arc in- 
clined to believe that the idea of making the difference 
of the expanfton of dJfiercDf metals operate by means 
erf attver, orlcrinated with Mr. Graham, who in the 
yedr 1737 conftruaed a Peadtlltim, having its rod com- 
pofed of one bar of fteel between two of brift, which 
a^eipon the (hort dnd of a IcVer, to the other ihaw 
which, the weight of the Pc&dulfuft ^‘luf- 

pendedt 

This. 
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Tl»i fWdttlum houKvcr wai, upon tn.J, found tf 
tnove byjcrks^ and therefore laid afidc by the inventor, 
to make way for the mercurial Pendulum, juft men- 
tioned. 

Mr. Short informa iw in the I^ilof. Tranf. toI. 47, 
art. 88, that a Mr. Frotheringh^m, a quaker in Liu- 
colnftirc, caul’ed k Pendulum of this kind to be made : 
itcoufifted of two bars, one of brafs, and the other of 
ilccl, fattened together by ferews, wit It levers to raife 
t>r let down the-bulb ; above which thefe levers were 
placed. M. Cafliiii too, in the Hiftory of the Royal 
Academy of Science* at Paris, for 1741, deferibes two 
forts of Pendulums for clocks, compounded of bars of 
biafs and fleel, and in which he applies a lever to raife 
or let down tlic bulb of the Peiidulum, by the expau- 
fion or contradlion of the bar of brafs. 

Mr, John Ellicott alfo, in the year 1738, conftrufted 
a Pendulum on the fame principle, but differing from 
Mr. Gralmm’s in many particulars. Thtrrod of Mr. 
Kllicott’s Pendulum was compofed of two bar* only j 
tlic one of brafs, and the other of ftccl. It had two 
levers, each futtaining its half of the ball or weight ; 
with a fpiing imder the lower part of the ball to re- 
lieve the levers from a conhdcrablc part of its weight, 
and fo to render their motion more fmooth and cafy. 
The one lever in Mr. Grahanrs conttrudion was above 
the ball : whereas both the levers in Mr. EllicotP* were 
within the ball ; and each lever liad an adjufting ferew, 
to lengthen or ttiortcn the lever, fo- as to render the ad- 
juttment the more perfect. See the Philof. Tranf. voJ. 
d 7 > P- 479 ? where Mr. Ellicott’s methods of conftruc- 
tion are deferibed, and illuihated by figure*. . 

Notwithllaiiding the great ingenuity difplayed by 
thefe ^ery eminent artilU on this conttrudlion, it muft 
faiiher be cbferved, in the hillory of improvement* of 
this nature, that Mr. Gumming, another cminen^artift, 
has given, in his Eflay* on the Principles of Clock 
and Watch-w'ork, Lend. 1766, an ample defeription, 
with plates, of a conftru^lion of a Pendulum with le- 
vers, in which it feema he has united the propertic* of 
Mr. Graham’s and Mr. Ellicott’*, without being L’abic 
to any of the dcfcfls of either. The rod of this Pen- 
dulum is compofed of one flat bar of brafs, and two 
of fteel ; he ufes three- levers within the ball of the 
Pendulum ; and, among many other ingenious contri- 
vances, for the more accurate adjufting of this Pendu- 
lum to njean time, it is provided with a fmall ball and 
icrew below the principal ball or weight, one entire 
revolution . of which on its ferew will only alter the 
rate of the clock’s going one fccond per day ; «nd its 
circumference i* divided into 3c, one of which diviCons 
will therefore alter it* rate of going one fecond in a 
month. 

Pendulum Clock f is a clock ha ving its motion regu- 
lated by the vibration of a Pendulum. 

It is controverted between Galileo and Huygens, 
wjiich of the two firft applied the Pendulum to a clock, 
r or the pr^tenfions of each, fee C l o< k. 

After Huygens had difeovertd, that the vibration 
made in arcs of a cycloid, liowevcr unequal they might 
be in extent, were all ^ual /in time vhe foon peredived^ 
a Pendulum applied to a xdock, fo as to moke it 
wferi^ area of a cycloid, would redify the otherwife 
Unavoidable inegularities of the motion of the clock ; 
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fiiice, though the fevcral caufes of thofe ir|:cg«Iaritic?» 
(hould occaliou the Pendulum to make greater or fmal- 
ler vibrations, yet, by virtue of the cycloid, it would 
ftill make them pcrfcdly equal in point of time ; and 
the motion of the clock governed by it, would therefore 
be prelcrvcJ perfedly equable. But thedilHculty was, 
how to make the Pendulum defciibe arcs of a cycloid ) 
for naturally the Pendulum, being tied to a fixed point, 
can only dricribc circular arcs about it. 

Here M. Huygens contrived to fix the iron rod or 
wire, which bears the ball or weight, at the top to a “ 
filken thread, placed between two cycloidal checks, or 
two little arcs of a cycloid, made of metal. Hence the 
motion of vibration, applying fuccellivdy from one of 
thofcarcstc* the other, the thread, which is extremely 
flexible, eafily alfumcs the figure of them, and by that 
means caufes the ball or weight at the bottom to dc- 
feribe a juft cycloidal arc. 

This IS doubtlefsonc of the moft ingenious and iife- 
fnl inventions many ages have produced : by means of 
whiVli it has been alferted there have been clocks that ' 
would not vary a fingle fccond in fcveral dayst and the 
fame invention alfo gave rife to the whole do( 5 Irine of ip- 
volute and evolute curves, v/ith the radius and dcgi-cc of 
curvature. See. 

It is true, the Pendulum is ftill liable to its irregula* 
ritie's, how minute foever they may be. The filken * 
thread by wdiich it was fufpended, fliortcns in moift 
weather, and lengthens in dry ; by w-iifch means the 
length of the whole Pendulum, and confeqiiciUly the 
times of the vibrations, arc fomewhat vaiied. 

To obviate this inconvenience, M. Dc la Hire, in* 
ftcadof a filken thread, ufed a little fine fpring ; which 
w'as not indeed fubjcA to fliorten and lengthen, from 
thofc caufes ; yet he found it grew ftiffer in cold wea- 
ther, and then made its vibrations fatter than in w’arin ; 
to which il£b we may add its expanfion and contradion 
by heat and cold. He theufou: had rccourfc to a ftiff 
wire or rod, firm from one end to the other. Indeed 
by this means lie renounced she advantages of the cy- 
cloid ; but he found, as he fays, by experience, that 
the vibrations in circular arcs «re performed in times as 
equal, provided they be not of too ’great extent, a* 
thofc in cycloids. But tlic^«apcrimcnt8 of Sir Jonas 
Moore, and othcifs, ihksrd'dcmonftrated the contrary. 

The ordinary caufes of the irregularities of Pendulum# 

Dr. Herham aferibetto the alteration# in the gravity 
and temperature of the air, which increafe and dtminim 
the weight of the ball, and by that means, m^c the 
vibrations greater and lefo ; an acceflion of weight in 
the ball being found by experiment to accelerate the 
motion of the Pendulum t fior a Weight of 6 pdun^ 
added to the ball, Or. Oerham found made bi*-clock 
gain 13 feconds every day. 

A general remedy again ft the inconvenience* of Pen- 
dulums, is to make them long, the ball hkayy, and to 
vibrate but in fmall arcs. Thefe are the ufual metas 
employed in England *, the qycloidal check* being ge- 
nerally neglefled. Sec the foregoing article. 

Pendulum clocks retting agaiiitt the iame mil have 
been found to influence each other’s motion. Seethe 
Philof. Tranf, numb. 453, fed. y and 6, where Mr, 
EUicott has given a curiou* and exad account of thii 
phenomenon. 

E c t 
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PENDUirM Royalf a name ufed among os fora 
clock, whofe Pendulum fwings feconds, and goes 8 
d^ys without wmdfiig up ; fhewing the hour, minute, 
and fecond. The numbers in fuch a piece are thus 
calcubited. Flilt call up the feconds in 12 hours, 
which are the beat") in one turn of the great wheel ; and 
they will be found to Ic 43200 12 X 60 X 60. The 

Iwing wheel inuft bo 30, to fvving 60 feconds in one of 
its revolutions ; now let the half of 43200, viz 21600, 
be divided by 30, and the quotient v;ill be 720, which 
mull be fepanited into quotients, lire firft of thefe 
mud be 12, fur the great wheel, Avhich moves round 
once in iz hours. Now 720 dividf'd by 12, gives 60, 
which may ulfo be conveniently broken into two qiio- 
as 10 and 6, or 12 and 5 , or S and 7 i ; wliicU 
Irid 13 moll convenient : and if the pinions be all taken 
8, the wotk will Ihiiid tims ; 

8 ) 96 { 12 
8 ) 64 ( S 
S ) 60 ( 7[ 

30 

According to this computation, the great wheel will 
go round biiee in 12 liourv^i, to ihew the hour; the 
next wheel once in an hour, to fhew' the minutes ; and 
tlie i wing-wheel once in a minute, to diew the feconds. 
8 ec CCOCK-WORK. 

RalliJ/ti Pendulum. See Ballistic Ptndulum. 

i,<W Pendulum. See Level. 

PENDULUM fVatch» Sec Watch. 

PENETRABILITY, capabdity of being pene- 
trated. SeelMPENE TRABILITY. 

PENETRATION, the z&, by which one thing en- 
ters another, or takes up the place already poffelTed by 
another. 

The fchoolmen define Penetration the co-cxiftence of 
two or more bodies, Ilf that one is prefent, or lias its 
extenfion in the fame place as the other. 

Moil philofophers raid the penetration of bodies ab- 
furd, i. e. that two bodies (hould be at the fame time 
in the fame place ; aad accordingly impeflctrability 
is laid down as one of the elfbotiid properties of mat- 
ter. 

What is popularly called Penetration, only amounts 
to the matter of one body’s beiiw admitted into the 
vacuity of another. Such is the ]nnctration oi water 
throogh the fubfianceofgoid. * 

P^INSULA, is a ^rtion or extent of land which 
^ alMioft furroutided with water, being joined to the 
continent only by an iilhtnus, or narrow neck. Such is 
Afiricai the greateil Peninfula in the workh which is 
imed t0 bv the nieck at the end of the Red ; 
fneh alfo is Pelopoanefus, or the Morea, joined to 
Greece: and Jutland, Peainftda is the fame with 
Orhat h otbeniimc- Called Cherfonefus.^ 

PENNYi fiannerly a piece of fihrer coin, but now 
ait ifinigioary equal to two copper coins csdkd a 
hi^>enny. 

The Penny was the firfi fileer coin ft ruck in Ens^i^ 
1} otir Sl»m mficfto;^ being the 140th jjmt ofihdr 


pound, and its true weight was about ai| graini 
Troy. ' 

In Etheldred’s time, the Pemiy was the 20th part 
of the Troy ounce, and equal in weight to our three 
pence ; which value it retained till the time of Edward 
the Third. * 

Till the time of King Edward the Firft, the Penny 
was ilruck with a crols fo deeply funk in it, 4 hat it 
might, on occalion, be eafily broken, and parted into 
two halves, thence called Hiilfpennicsj' or into four, 
thence called Fourtliings, or Faitliings, But that 
Prince coined it without the erdfs ; inilead of which he 
ftruck round Halfpence and Farthings. Thougli there 
are faid to be inllances of fuch round Halfpence having 
been made in the reign of Heiuy the FiiU, if not alfo 
in that of the two Williams, 

Edward the Firft alfo reduced the weight of tlie 
Penny to a ftandard ; ordering that it lliouU wtigh 
32 grains of wheat, taken out of the middle of the 
ear. Tliis Penny was called the Penny Sterling; and 
20 of them were to weigh an ounce ; whence the Pen- 
ny became a weight as well as a coin. 

By the 9th of Edward the Third, it was dirninidicd 
to the 26th part of the Troy ounce ; by the 2d of 
Henry the Sixth it was the 3 2d part ; by the 5tli of 
Edward the Fourth, it became the 40th, and alfo by 
the 36th of Flenry the Eighth, and afterwatds, the 
45th ; but by the 2d of Elizabeth, 60 Pence were 
coined out of the ounce, and during her reign 62, 
which lad proportion is Hill obferved in our times. 

The Penny Sterling is now difufed as a coin ; and 
fcarcs fubfifts, but as a money of account, containing 
two copper Halfpence, or the izth part of a fliilling, or 
the 240th part of a pound. 

The French Penny, or Denier, is of two kinds ; the 
Paris Penny, called Denier Parifis ; and the Penny of 
Tours, called Denier Tournois. 

The Dutch Penny, called Pennink, or Pening, is a 
real money, worth about onc-fifth more than the French 
Penny Tournois. The Pennink Is alfo ufed as a mo- 
ney of account, in kecjping books by pounds, florins, 
andpatards; I2 Fenninks make the patard, and 20 
patards ^he florin. 

At Hamburg, Nuremberg, &c, the Penny cr 
pfennig of account is equal to the French Penny 
Tournois. Of thefe, 8 make the kricuk ; and 60 t!ic 
florin of thofc cities ; alfo 90 the French crown, or 
4s 6<i ilerling. 

PMriHY-fVdghtt a Troy weight, being the ?oth part 
of an ounce, containing 24 grains ; each grain weigh- 
ing a grain of wheat gathered out of tlie middle of the 
car, well dried. The name took its. rife from its being 
actually the weight of one of our ancient filver Pci> 
nies. See the foregoingarticle. 

PENTAGON, in Geometry, a plane figure confilb- 
11^ of fiv4: angles, and confequenily five Tides alfo. 
Xr the angles be all equal, it is a respilar Pentagon. 

It is a remarkable property of thcPeut;qj;on, that its 
iide is equal in powei; to the Tides of a hexagon and a 
decagoii^iniqrdkcdia the iamc circle t that the fquaie 
, of the fidr of ih/f is cquid to both the ^uarcs^ 

talNA together. x^ U^ fides w thq.; other two 
gurcs ; and •coafeqaefitly thofe three fidei s|ri!l"cop(l> 

. -rr* . .. b * ’ . tuijp 
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tiite a nght-aojlcd triangfc. Euclid, book 13, 

^ H^ppus has alfo demoiiftratcd, that 12 regular Pen- 
tagons contain more than 20 triangles inferibed in the 
jQime circle ; lib. 5, prop. 45.^ 

The dodecahedron, which is the fourth regular bo- 
dy or foil'd, is contained under 12 equal and regular 
Pentagons. 

T'o find the Area of a Re^lar Pentagon. Multi- 
ply the fquai'C of its fide b y 1720477 4, or by | of the 

tangent of 54°, orby -f j^S: Hence if / dc. 
note the fide of the Pentagon, its area will be 

r7i0477+»* = J/V i + i>/i 3 = x tang. 54“, 

PENTAGRAPH, otherwife called a Parallelo- 
gram, a mathematical inflrument for copying defigns, 
prints, plans, &c, in any proportion. 

The common Pentagraph (Plate xix, fig. 2) confifts 
of four rulers or bars, of metal or wood, two of them 
from 15 to 18 inches long, the other two half that 
length. At the ends, and in the middle, of the long 
rukrs, as alfo at the ends of the ihortcr ones, arc holes 
upon the exaft fixing of which the perfcdlion of the 
iuilniment chiefly depends. Thofe in the middle of 
tilt long rulers are to be at the fame diftance from thofe 
at the end of the long ones, and thofe of the fliort ones ; 
fo that, when put together, they may always make a 
parallelogram. 

The iuftrument is fitted together for ufc, by fcveral 
little pieces, particularly a little pillar, number i, having 
at one end a nut and ferew, joining the two long rulers 
together j and at the other end aimall knot for the in- 
ilrumcnt to Aide on. The piece numb. 2 is a rivet with 
a ferew and mil bv which each fliort ruler is faftcoed to 
the middle of each long one. The piece numb. 3 is a 
pillar, one end of which, being hollowed into a (crew, 
has a nut fitted to it } and at the other end is a worm 
to ferew into the table j when the inftrument is to be 
ufed, it joins the ends of the two fliort rulers. The 
piece numb. 4 is a pen, or pencil, or portcrayon, ferew- 
ed into a little pillar. Laftly, the piece numb. 5 is a 
hrafs point, moderately bhint, ferewed likewife into a 
little pillar. 

Oje <7////epENTAGR»APH,— r. To copy a defign in 
the fame fize or fcalc as the original. Screw the 
worm numb. 3 into the table ; lay a paper under the 
pencil numb. 4, and the defign under the point numb, 
r. This done, conducing the point over the fcveral 
lines and parts of the defign, the pencil’ will draw or re- 
peat the fame on the paper. ^ 

2. When the defign m td be redaced — ex; gr. to 
half the fcale j the wolrm mtift be placed at the end of 
the long rotec numb. 4, arid the papee and jpencil in the 
middle. In this fituatibn cohdhft the btaU point over 
the fcvetal Ifnes of the defira,: as before ; and the pcnci! 
at the lame time will draw Jw fo the wporiioti 
required) (he pencil here only moving half the lengthi 
that the pofiat inoyes. 

3. On the ebnfrary, when die defign it to be em 

targed to a 4onble fiat ; the bnfii pofttc^ with the defijgn» 
muu be ri^uredin the lutddk At dOoBfer 5« the ^ocit 
and at endofi tlw and theworOk 

at thekher ead. 

V Towdoccof ctthtfgemothfrpropordoBiy thoe 
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arc holes drilled at equal diftanccs on each ruler j viz, 
all alon^ the Ihort ones, and hwf way of the long ones, 
for placing the brafs point, pencil, and worm, in a light 
line in them ; i. e. it the piece carrying the point be 
put in the third hole, the other two pieces mult be put 
each in its third hole ; &c. 

PEN'rANGLE, a plane figure of five angles, or the 
fame as the Pentagon. 

PENUMBRA, in Aflronomy, a faint or partial 
fhade, in an cclipfc, obferved between the pcrfecl fha- 
dow, and the full light. 

The Penumbra arifes from the magnitude of the fun's 
body: were he only a, luminous point, the fhadow 
would be all perfect ; but by reafon of the diameter of 
the fun it happens, that a place which is not illuminated 
by the whole body of the fun, docs yet receive rays 
from fome part of it. 

Thus, fuppofe S the fun, and T the moon, and the 
fliadow of llie latter projeefed on a plane, as GH (Plate 
xix, fig. 3). The true proper ihadow of T, viz GH, 
will be cncompafled with an imperfed (hadow, or Pe- 
numbra, HL and GE, each portion of which is illumi- 
nated by an entire hemifphcre of the fun. 

The degree of li^ht or fliadc of the Penumbra, will' 
be more or lefa in different parts, as thofe parts lie open 
to the rays of a greater or tefs part of the fun's body ; 
thus from to H, and from E to G, the light contit. 
nually diminiflics j and in the confmes of G and H, the 
Penumbra is darkeft, and becomes loft and confound- 
ed with the total fliadc : as near E and L it is thin and 
confounded with the total light.^ 

A Penumbra mini be found in all eclipfes, whether 
of the fun, the moon, or the other planets, primary or 
fecondary ; but it is moft confiderable with us in eclipfes 
of the fun; which is the cafe here referred to* 

The Penumbra extends infinitely in length, ind 
grows Hill wider and wider ; two rays drawn from the 
two extremities of the eartli's diameter, and which pro- 
ceed always diverging, form its two edges ; all that in*- 
finite diverging Ipacc, included^ between lines pafling 
through E and L, is the Penumbra, except the cone of 
the fliadow in the middle of rt 4 < 

To determine how much o’f 
the furfo<5? of the earth caa be • 
involved in the Pifnumbr^, let 
the apparent femidiameter o£ 
the fun be fuppofad the great- 
eft, or about 16' 20", which is> 
when theeafth it in her perihe- 
lion ; alfo let the moon be in^ 
her apogee, and therefore at 
her greateft diftaijce from the- 
ear^i or about 64 of the earth'» 
femidbRneterti Let KNC be* 
the earth, T the moon, and. 

MKN the Penumbra, involvkigt 
the part of theearthfirom K tO' 

Kv which it it neqoked to find. HeretliCQ ate giveii> 
the angle KMC =x i6' 20" 9 TC s ^4, f, and 

or = of KC. Hence, in the ri^ht-tagled trian* 
gle ©TM, 81 fin. OMT : radiua ; : OT ; TM 
I'loJOT as 38 KC nearly.. Thereibte MC ssr 
^ + 64 : 

cailb.. Thcn,^ ja thctnaii 



MT' 4- TC szjS + 64 » 12^ of the 


Then,, ja the tnaog^ KMCp. thaac are^vini' 
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S 3 iijt A.e angk K-MC ^ 

‘i 6 ' io'Og ftircTthc angle C j as 

lCC;MC:;Xin. 4 KMC:rin. 4 MRpj= 35 ^ 25' SS'f 

from tliih talcc the Z. KMC - r 016 2Q, 
leaves the 2 C 35 9 

til* double of which in the arc KN 70 iS 22, 
or nciitly a Jpace of ,i 86(5 m/les m diameter. 

FKRv^MJjULA T O i{, an ijjjlruiiitnt for mcafur- 
ijiy didances; called alfo Pedometer, Wa/wifcr, and 
Surveying Wheel. 

Tliis uh< cl lb conttIvc<i to nicafurc out a pole, or 16 J 
feet, in makin;5 two rcvolutiona ; confctpicatly its eir- 
cumfercncc ij feet, and its diameter 2*62^) icv-l, or 1 
fecty l inchea and jig^paUs, very nearly. It is ci- 
ther'diiven foAvard by two handles, by a jicifun walk- 
ing ; or Is drawn by a coach wheel, &c, to whicli il is 
attached by a pole. It contains various movements, 
by wheels, or cfuek-woik, with indices on its face, which 
jti like llwt of a clock, to point out the dittai^ce palled 
OTW,'in piiks, fiulongs, poles, yards, 4 tc. 

Its advantages are its rcadineia and expedition ; being 
very pfeful for mcafuring loads, and great diftances on 
level p’oimd. See the fig. Platc xvii, lig. 6 . 

PLtl.CH, i^i Surveying, a fcpvarc meafurc, being the 
40lh part of a i;ood* or tl^c^ ^6gth part of an acre; that i», 
the fquarif of a pole or rod, of tuc length of 5 J yards, 
«rt6‘fec^ 

is by forac alfp made to mean a meafurc of 
length ; being the fame as the rod or pole of f I yards 
or 1 61 feet long, But it is better, for preventing con- 
fuiion, to dillingiulh them. 

PERCUSSION, in Phyfics, the impreflion a body 
makes in falling or ftriking upon another ; or the (hock 
of coUifion of two bodies, which meeting alter each 
other’s motion, 

fcrcttihon is either Dired or Oblicpre. It is alfo ck 
ther of Eladic or NonelafUc bodies, which have each 
thsir diSerent laws* It is true, we kn^ w of no bodies 
in nature that are either perfedly elaflic or the contra^ 
ry ; but all paitaking that property in different degreci} 
even the hardeft and the lofteft being not cntir3y di- 
vetted of it. But, for the fake of pcrfpicuity, it 
is ufual, and proper, to treat of thefe two feparately 
und apart. 

JOIrcif PiiacvssioN is that in which the impulfe is 
made in the dirc£lion of a lihe perpendicular at the 
place of impadi, and which alfo pafl'ct tlirough the 
common centre of giavity of the two ftriking bodies. 
As is the cidit in two fpkeres^ when the Iia ^,<4 the di* 
redlion of the ttroke pafles throngh the centr^ of both 
fpheii^s ; /or then the joining their centt?% 

paiIfls.pfi^idicUlaily throki;^ of impad* A^d 

pi/ifuijPtJ^ntnoMt y .thnt in which the lopub^ k 
ivade in dire^n of a Uae that does not jpais thri^h 
tlhe oomoion centre of gravity of the twing b^es ) 
wheth'ef lEatlioc of di^ioa is perpeadicp& to the 
jpiace of impadt, or not. . 

, ' The.|atM|^ ^nyjpifioa is the fjupr^e aa the .faomcntuiQf 
pi aufii$ty os ^pftjooi and is reprefented by the pro* 
4pia thtHl^ pr ^uumity of matter moved, 

9iiil(iphed^ the velo^j^'ofits motion | h^dthljt wi^K* 
out uTff cegatxi to the timt'^^rduratido of aaion ; fof 
H/mo^tdt 9 t 4 y videp^ndwt-p/ time^V 
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Thjf confideratWn will cpable tp rcWve a quejlioa 
that h'^as been greatly canvaffed among pbflofopbcrs and 
rnallicmatician^, vie, ^bat is the -rcliuion be^vVeen tk 
force of Fercuffion and mere preflurc or weight ? For 
we hence infer, that the former force is infinitely, or 
incomparably, greater than the litter. For, let M de. 
note any niafs, body, or weight, paving no motion or 
velocity, but finiply its preffure j then will that pref 
fare or force be denoted by M itfcif, if it be confidered 
as acting- for fome certain finite a^gnablc time ; but, 
confidered as a force of Fcrculfidn, that is, ading 
hut for an infinitely fmall tirnd^ its velocity being o, 
or nothing, its percuffive force will be o x M, that 
is o, or notliii^ ; and is therefore lefs than any the 
fmallett perculuve force \yhatever, Again, let us couiidcr 
the two forces, viz, of Perculfion and prelTure, with 
lefpedt to the effcfls they produce : Now the intenfity 
of any force is very well incafurcd and ^ftimated by the 
effcfl it produces in a given j^ime : But the effeft of the 
preffure M, in 0 time, or an^ infinitely fmall time, is 
nothing at all; that is, it will not, in an infinitely fmall 
time, produce, for example, any motion, cither in it- 
fcif, or in any other body ; its intenfity therefore, as 
its cffefl, is infinitely Icfs than any the Imallcfl force oi 
Pcrcuffioii. It is true, indeed, that wc fee motion and 
other coufidciable effeds produced by mere preffure, 
and to countcrad which it will retjuire the oppofiiion 
of fome confiderablc percuffive force : but then it mutt 
be obferved, tliat tk former has been an infinitely 
longcriime than the latter in producing its clFcd; and 
it is no wonder in mathematics that an infinite number 
of infinitely fmall quantities makes up a finite one. It 
has therefore only been for want of confidcring the 
circumllancc of time, that any quettion could have arifen 
on this head. H^nce the two forces arc related to cacli 
other, only as a furface is to a folid or body : by the 
motion of the furfacc througli an infinite number of 
oints, or through a finite right line, a folid or 
ody is geneiated; and by the adion of the prtT- 
furc for an infinite number of moments, or for fome fi- 
nite time, a quantity equal to a given, percuffive force 
is generated : but the furface itfeu is infinitely lefs than 
any folid, and the preffure infinitely lefs than any per- 
cumve force. This point may be cafiJy illuttratcd by 
fome familiar inttanccs, which prove at leail the enor- 
mous difprpportion between the two forces, if not 
alfo their abfolute inqcmparability. And firft, the 
blow ofafmallhammer, upon the head of a nail, will drive 
the nail into a board ; whep it is bard to conceive any 
weight fo great as will jprodnee a like efftd, i. e. that 
will fipk the as far into the board, at leatt uolcfs it 
is left to ad for a v^ry confiidcrable time : and even af« 
ter. the greateft .weiglu has been laid as a preffure on 
the bean of the na^ and has funk it as far as k can as 
to fenfe, by rem^ing for a long time there without 
producing ai^ faithcr^flliblc effect let the wcjght be 
renipved from the head of the nail, and Inttead of it, 
let it be llruck a fmall blow with a Eod tk 

naff will immediatdiy faifJier fofo. ilic woqfi 
it Is i^fo knowD, that, a ihip<aip;^ter, with a 
blow pf^'s |na^ a bdow the 

AFff fo trtf^ome 

her weight, afid lkt hdt up. l^luy, l^t^ ut coMider a 
jjiifc to 

n ' ’ ' ^ '' - '■ StflY 
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ifty j it il tbit th< baB will 

acquire a certiin determinate veldcity by the blbvr^' 
fuppofc that of 'fO feet per fecond, or minute, or any ’ 
other fime whaereri/now it is a law, univerfaJly 
allowed in the commumcatiOn of motion, that when 
different bodies are ftruck with equal forces, the re- 
locitics communicated are reciprocally as the weights 
of the bodies that are llruck ; that is, that a double 
body, or weight, will acquire half the velocity from 
an c<jual blow ; a body lo times as gi'cat^ one loth 
of the velocity ; a body loo times as great, the looth 
pait of the velocity; a body a million times as great, 
the miDionth part of the velocity; and fo on without 
end ; from whence it follows, that there is no body or 
v\ight, how great foever, but will acquire feme 
Iniitc degree of velocity, and be overcome, by any 
given fmall finite blow, or Percuflion. 

It appears that Dcs Cartes, firft of any, had fomc 
ideas of the laws of Percufiion ; though it muft be’ 
acknowledged, in fome cales perhaps wide of the truth. 
The firll who gave the true laws of motion in non- ’ 
clallic bodies, was Doctor Wallis, in the Philof, Tranf. 
numb. 43, where he alfo thews the true caufe of rc- 
fieilions in other bodies, and proves that they proceed 
from their claftieity. Not long after, the celebrated 
Mir Chrillopher Wren and Mr. Huygens imparted to 
the Royal Society Jhe hwi that are obferved by per- 
fe^tly clafiic bodies, and gave exactly the fame con- 
firuOion, though each was ignortint of what the other- 
had done, ‘And all thofe laWs, thus publitbed in the 
Philof. Tir’nf. without demonff ration, were afterwards 
demon 11 tuted by Dr. Kcill, in his Philof. Ledl. in 
1700 ; and they have fince been followed by a multi- 
tude of other authow* 

In Percuflion, we diftinguifii at leaft three feteral 
forts of bodies ; the pcrfeSlv hard,4he perfeftlyvfoft, 
and the perfectly elaflic. The two former are cortfi- 
dered as utterly void of ekllicity ; having no force to * 
fi'paratc them, or throw them othdrom etch other 
.igain, after collifioft ; and therefore cither remaining at 
red, or elfe proceeding unifornily forward together as 
one body or mafs of matter. 

Tlic laws of Perctilffion therefore to be confidered, 
are of two kirtds i thofe for elaftic, and thofe for non- 
elaftic bodies. 

The one only general priociple, for determining the 
motions of bodies frbm PcirciiHion, and which beings 
equally to both ihc forts of bodies, i. e. both the 
elaflic and nqnelalh'c, is this: via, that there eaifls 
m the bcdies* the fetnc momentum, or quantity of 
motion, eflima^ed in and Ihe lame direction, 

both before the flroke and after it. And this princi- 
ple is the imtpediitl!i refolt-bf the third law ofrnature 
or motkmj that let^oa^s eqiial'4o^ftdUon,-4|nd in a 
e^raty ’diit^fon ; 'frofri whence it hapfleos, that 
^jjwttmr-motsion ia'-comiminicated to one shody by the 
J^nt-of ^ot|icrt eicaAly the fame motion' doth this 
weohife-;ki'>^he''fome dlre^ioQ, or esaAly the fame 
does ^foiii^er^eotiiiivm'eate teethe ktter in theepn- 

gemerhl prittc^file tdo fo rtftdta, that ‘ no 
in fhe<cotiniioti eentreef gravity 
fi anions upon one anotbev ; but tfom 

the 


fame ftate, whether of reft or of uniform motion, botfo 
before and after the fhock of the bodies. 

Now, frorn either of ihcfc two laws, viz, that of' 
the prefervation of the fame quantity of motion, in 
(me and the fame dirt^fion, and that of the preferVa- 
tion of the fame ftate of the centre of gravity, both 
before and after the ihock, all the circumftances of the 
motions of both the kinds of bodies after eollifion may 
be made out ; in conjun6:ion with their own peculiar 
and feparate conllitutions, namely, that of the one fort 
being elaflic, and the other nonclallic. 

The effects of thofe different conflitutions, here 
alluded to, are thefe ; that nonelaltic bodies, on their 
fliock, will adhere together, and cither remain at reft, 
or elfe move together as fetie mafs with a comraou 
velocity ; or if elaflic, thev^ will feparate after the 
fliock with the very fame relative velocity with which 
they met and fliocked. The former or thefe confe- 
qnences is evident, viz, that nonclallic bodies 
together as one mafs after they meet ; becaufc thefcm 
cxifts no power lo feparate them ; and witliout a caufc " 
there can be no effcil. And the latter confcqueiicc 
rcfulta immediately from the vciy^ definition and 
effcnce of claftieity itfelf, being a power always equal 
to the force of comprcfi'ion, or fhock ; and which rc- 
lloring force therefort, acting the contrary way, will 
generate the fame relative velocity between the bodies, 
or the fame quantity of matter, as before the fliock,. 
and the fame motion alfo of their common centre of 
gravity. 


^ g 

To^ apply now the general principle to. the deter- 
mination of the motions of bodies after thefrihock ; 
let B and b be any tw'o bodies, and V and t) theh” 
refpe£live velocities, eftimated;in the dirrftion AD f. 
which quantities V and v will be both pofitive if the 
ladies both move towards D, ’but one of them as 
w 3 l negative if the body 6 mdve towards A, and 
V will be = o if the body b be at rfcfl. Hence thea 
BV is the momentum of fe towards D, am! 

6 v is the momentum of b towards 1*), wnofe Axm ri 
BV -I- bVf which is the whole quantity of motion im 
the diteftion AD, and which momeutum mail alfo be' 
preferved after the Ihock. 

Now if the bodies have no claftieity^ tl^ey ' wjlP 
move together as one mafs B + ^ after they meet,, 
with fome common velocity, which call y, in' the di- 
reflton AD ; therefore the xnomentumin that dircdiolt 
after the ihOck, befog the produft of the mafs aifd 
velocity, will be (B -f- X y. But the niomenu, in 
the faine dife6Uon, befort and after the impat^l, arc 
equal, that "^is BV -f ^ =i: whtefo 

« nation any obc of the quantftka may' be determined 
wrieii the reft are given. Sd,' if wt Would' fiiid life 
c^mpi^ycfoehiy idler the ft ^ 

tlsc n^DmciitaidifJW* 

bofliW. ,?>o^ tufMe j)h4.4ncKUic cottiCpi ^ 

' ahovc^ 



PE* r 1 ^ 


w’Kcrt the bodies move botfc the fsttte w^y AD i 
;b«t one term Iv inud be made negative when the mo- 
tion of ^ is the contrary ; hnd that terin will be ab- 
sent or nothing, when I it at reft, before the fiiock# 
Agaiu, for the cafe of claftic bodies, which will fc- 
jparatc after tlie llrokc, with certain velocities, x and », 
viz, ii the velocity of B, and » the velocity of b after 
the colliliun, both elliinatcd in the dirci^tion^ AD, 
which quantilieg will be either pohtive, or negative, or 
^nothing, according to the circumlianccs of tlic mafTes 
B and b, with thole of their celerities before the ftrokc, 
lienee then B.v and it. are the fepanite momenta after 
the ftiock, and l)x + their him, wfdch mull be equal 
to the fum BV -h bv in the fame diredtion before the 
llrokc ; alfo » — x is the relative velocity with which 
the bodies feparate after the blow, and vHhich mull be 
equal to V — V tlie fame with which they meet ; or, 
which i‘i the fame thing, that V -f ,v = v 4- *« » that 
is, the fum of the two velocities of the one body, is 
€qual ta tlve fum of the velocities of the other, taken 
Before and after the ilroke ; which is another notable 
theorem. Hence then, for determining the two unknovs n 
ainaatidcs x and a, there arc tiiefe tu*o equations, 
viz, BV -f Ba 4- bzt 
and V — V =s a — X } 

4iv V + tr = D 4- ^ t 

the refolullon of which cquatlona gives thofc two 
vWocitfes as below, 

2^4*(B--^)V 

VIZ, A - ^ ^ ^ , 

zBV - (B - h)v 

«nd*_ . 

Prom thefc general values of the velocities, whicli 
ire to be umlcrftood in the direction AD, any payticu- 
Jar eafci may cafdy be drawn. As, if the two bodies B 
aod b be equal, then B — ^ o, and B + ^ — 2®, 
and the two velocities in that cafe become, after im- 
pure, V, and z = V, the very fame as they Vcrc 
before, but changed to the contrary bodies, i, c. the 
bodies have taken each other’s velocity that it Had 
before, and with the fame fign alfo, oo thqt, if fhc 
equal bodies were before both moving the fame way, 
or towards D, they will do the fame after, but with 
interchanged velocities. But if they before moved 
contrary ways, B towards D, and b towards A, they 
will rebound contrary ways, B back towards A, and 
i towards D, each with the other’s velocity. And, 
Mly, if one body^ as were at reft befo»c the 
ftrokc, then the other B will be at reft after it, and ^ 
will go on with the motion that B had before. And 
thus may any other particular cafes be deduced from the 
firft general values of x and %; 

We may now conclude this article with fotnc re- 
marks on tbeie motions, and the miftakes of fome 
authors concerning them. And ftrft, we obferve this 
ftriking difference between the mqtions that arc com- 
Haunieited bj elaftic nnd'by nonclsijftic b^es, viz, that 
n nondiftic Dody, by ftrilung, communicates to ^ 
Imdy h fti&cs».cxn^ its whole inAomoatuih t W is 
evident But the ftroke of an claftic bofiy either 
conuntmieite its whole motion to the IWyWftAeiii 
H may commnmcste on'W k of ft may 
wten communicate more mn ft ^hkd. Tor, if the 
ftriking body remain at reft after‘'tbc ftreltift bai 


jnflha all iti mptlan, sad therefore hdf eommunleatrtl 
all it had ; but if it ftill move forward i*n 'the fame 
diieftioui . it hss ftill fome motion Wt in that di- 
region, and therefore has only communicated apart 
of what motion it had ; and if^^lhc ftrikijig body re- 
bound back, and move in the contrary diredfion, the 
other body has received not only the whole of the 
motion that the lirft had, but ahb as much more as 
the firft has acquired in the contr ary diredion. 

It has been denied by feme authors, and in the F.n- 
cyclopcdie, that the fame quantity of motion remains 
after the ftiock, as before it ; and hence they fei/r 
an opportunity to reprehend the Cartcfians for making 
that afteriion, which they do, not only with refped to 
the cafe of two bodies, but alio of all the bodies in tlie 
whole unlverfe. And yet nothing is more true, if tlie 
motion be coufidcred as eftimated always in one and 
the fame diredion, eftceming that as negative, whicli 
is in the contrary or oppufite diredion. For it is a 
general law of nature, that no motion, nor force, can 
be generated, nor dellroycd, nor changed, but b/ 
fome caufe which mull produce an equal quantity in 
tire oppofite diredion. And this being the cafe in 
one body, or two bodies, it muft nccelTarily be the 
cafe in all bodies, and in the whole folar fyltem, fiiicc 
all bodies ad upon one another. And hence alfo it 
is manifeft, that the common centre of gravity of tlie 
whole folar fyftem muft always preferve its original 
condition, whether it be of reft or of uniform motion ; 
fincc the ttatc of that centre is not changed by the mu- 
tual adions of bodies upon one another, any more than 
their quantity of motion, in one and the fame diredion. 

What may have led authors into the miftake above 
alluded to, which they bring no proof of, feems to be 
the difeovery of M. Huygens, that the fums of the tuo 
produds arc equal, both before and after the (hock, 
that arc made by multiplying each body by the fquarc 
of its velocity, viz, that + bv* Ba* 4- bz^, 
where V and v are the velocities before the ftiock, 
and X and z the velocities after it. Such an 
exprclEon, namely thtf produd of the mafs by the 
fquarc of the velocity, is called the vis viva, or living 
force j and hence it has been inferred that the whole 
vis viva before the (hock, or BV* 4“ b^*t »• equal to 
that after the ftrokc, or Ba* 4* ba* ; which is indeed 
very true, as will (hewn prefentlv. But when they 
hence infer, both that therefore the forces of bodies 
in motion are as the fquares of the. velocities, and that 
there if not the feme quantity of motion between the 
two (Inking bodies, both hcrore and after the (hock, 
they are grofsly miftaken> luid thereby fhew tliat they 
arc ignorant of the true d^ivation of the equation 
BV* 4- ^ a: B^* 4- bz^» For this equation is only 
a confequence'of the very |firtiicipla above laid down, 
and tvhicb ;** not acceded to by thofo authors, viz, 
that the qwntity of motion is the feme before and 
after the mock, or that BV 4- ^ = Bx 4“ ^ 
the truth of which laft etpiatfed they deotyj'beeaufe 
they think the former one is Inw, aeeer dreaming that 
they may be both true> and mu^ leCs.Uiat the one ia 
a cbnfeqttOicc of the other,- arid deiired from it ; 
whkh however fe no# found to be the cafe, as Is ptoted 
m ^it triaanert' 

It h» ketft ftewa tlud tift fcm of the two 
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in tljc jfamc before and after the (Irolce, are 

equal, or that BV + 3= Bac -f- » and alfo that 

the fum of the two velocities of the one body, ia 
equal to die fum qf thofe of the other, or that V + x 
= 1; + « j and it ia now pjppofed to fliew that from 
thefe two equations there relulta the third equation 
BV* -f == B;r* + or the equation of the 
living forces. 

Isfow becaufe BV + »= + loi, by iranfpofi- 

tion it is - . BV — Ba bv\ whidi fhewa 

that tl\c difference between the two momenta of the one 
body, before and after the llrolce, is equal to the dif- 
ference between thofe of the other body ; which is 
another notable theorem. But now, to derive the 
equation of the vis vi\‘a, fet down the two foregoing 
equations, and multiply them togethp*, (o fliaU the 
pioduds give the faid equation required ; thus 
Mult. BV — B.* =^2. — the equat. of th<i momen- 
ta, by V XTT % + 7 ), the equat. of the velocities, 
produc. BV* — B.v^ = 

or BV* + bv'^ = Ba* -f Z<2i*, 

tlie very equation of the vis viva required. Which 
w as to be proved. 

When the elafticity of the bodies is not perfed, 
but only partially fo, as is the cale with all the bodies 
we V<now of, the determination of the motions after 
collilion may be determined in a fimilar manner. See 
Iveill’s J.cd. riiilof. led. *4, theor. 29, at the end. 
And fur the geometrical determinations after impad, 
fee the article Colli jsj on. 

Centre ^Percussion, is the point in which the 
fliock or impulfe of a body which ftrikes another is 
the greatcll that it can be. See Centrb. 

The Centre of Pcrcuflion is the fame as the centre 
( f ofcillation, when the ilriking body moves round a 
fixed axis, i^e OiciLLAnoN. , ^ 

But if all the parts of the ftriking body move with a 
parallel motion, and with the fame velocity, then the 
Centre of Percuflion is the fame as the centre of gravity. 

PERFECT Number, is one that is equal to the 
fum of all its aliquot parts, when added together. 
Eucl. lib. 7, def. 22. As the number 6, which is = 
* +2 -f 3, the fum of all its aliquot parts ; alfo 28, 
for 28 = I 4. 2 4- 4 4- 7 4- 14, tht fum of all its 
ah'quot parts. 

It is proved by Euclid, in the lalt prop, of book 
the 9th, that if the common geometrical feries of 
numbers i, a, 4,8, j6, 32, &c, be continued to fuch 
a number of terms, as that the fum of the faid feries 
of terms ftiall be a prime number, then the produd of 
this fum by the laft term of thfc feries will be a peifcd 
number. 

This lame rule may be oiherwifc c^prefled thus : 
If n denote the number of terms in the given fciics 
ii 2,. 4, 8y 3 cc p then it is wc\l known that the fum 
of all the terms of the feries is 2“ — i, and it is evi- 
dent that the laft. term is 2* : confcqucntly the 

rule becomes thus, viz, 2^ ^ X 2* — i =? a per- 
frd'nutnhCT, tWienever 2“ — i is a prime number. 

Now the fnmi of one, two, three, four, &c, terms 
®f’the Mci I, 2, 4, 8, dre, form the feries 1,3, 7» 
* 5 * 3*1 5 cc ; fo that the number will be found perfed 

Voi;iif. . 


whenever the correfponding term of this feries is a 
prime, as 1,3, 7, 31, dec. Whence the tabic of perfed 
numbers may be found and exhibited as follows ; where 
the I ft column ihews the number of terms, or the value 
of n ; the id column is the laft term of the ferios 

I, 2, 4, 8, &c, and is expreffed by 2” * ; the 3d 

column contains the correfponding Turns of the faid 

feries, or the values of flic quantity 2*^ — i ; which 
numbers in this 3d column are caiily conftruded by 
adding always the lall number in tin’s column to the 
next following number in the id column : and laftly, 
the 4th column /hews the coircfpondcnt Perfed Num- 
bers, or the values of a” ^ X l''*'- i , Uic produd 
of the numbers iu the id and 3dcolumra3, when 2* — 1, 
or the number in the 3d column, is a prime number ; 
the j)roduds in the other cafes being omitted, as not 
Perfed Numbers. 


Values 

of n 

Values 

of 2 

V''aluc8 

Ofl*'-! 

Perf. Numbers, 
or 2 X (2“ — i) 

1 

I 

5 

I 

2 

2 

3 

6 

3 

i 

7 

a8 

4 

8 

15 

* 

5 

i6.’ 

3* 

496 

6 

3^ 

63 

• 

7 

64 

127 

K128 


Hence the firft four Perfed Numbers arc found to 
be 6, 28, 496, 8118; and thus the table might be 
continued to find others, but the trouble would be 
very great, for want of a general method to dittinguiih 
which numbers are primes, as the cafe requires* Se- 
veral leanied mathematicians have endeavoured to faci- 
litate this bufinefs, but hitherto’ with only a fmall 
degree of perfedion. After the foregoing four 
Perfed Numbers, there Js a long interval before any 
more, occur. The firft eight afe as follow, with the 
fadors and produds which produce them : 


The firft Perfed Numbers. 


6 

a8 


496 


S118 


8589869056 

13743869.328 

2303843008I39952I1B 


Their values. 


(1* 


1) 2 


— 

l) 2* 

[2» 


1) 2 + 



1) 2^ 


— 

1) 2** 



i) a*** 

y 

fi*'' 

— 

1)2** 

( 23 * 

- 

l) 23 ® 


See feveral confiderabic trads on the fiibjed of 
Perfed Numbers in tliC MciniuVn of the PetcrfbWgh 
Academy, vol. 2 of the new vols, and in feveral 6th^r 
volumes^ 

PERIiECI. Sec Periofci. 

PERjC.^UM, or Pfrigef, is that point of the 
orbit of the fun or moon, which is the ilcarcft to 4 iit 
earth. In which fenfe it ilands oppofed to Apioger^ 
whfeb is the moft diftaiit point from the earth. 

F f , PURIOEC, 
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Periget., in the Ancient Aftronomy, denotes a 
point in a pluiiel’s orVnt, where tluf centre of its epi- 
cycle is at the lead diilaiicc from the earth. 

PERIHELION, Periheiium, that point in the 
orbit of a planet or comet which is neareft to the fun. 
In which fenfe it Hands oppofed to Aphelion, or Ap- 
heliiim, whicli is the higheft or moil dillant point from 
the fun. 

Inllead of this term, the Ancients ufed Pcrigciim ; 
bccaufe they placed the earth in the centre. 

PERIME'PKK, in GcomeUy, tlie ambit, limit, or 
outer bounds of a figure; being the fuin of all the 
lines by which it is iiiclofed or formed. 

In circular figures, 8 cc, inftcad of this term, the 
word circumference or periphery is ufed. 

PERIOD, in Adronomy, the time in which a 
flar or planet makes one revolution, or reluins again 
to the Umc point in the heavens. 

The fun’s, oi properly llic caith’s tropical period, 
is 365 days 5 hours 48 minutes 45 feconds 30 thirds. 
That of the moon is 27 days 7 hours 43 minutes. 
That of the other planets as below. 

There is a wonderful harmony between the didances 
of the planets from the fun, and their Periods round 
him ; the gfeat law of which is, that tlie fquares of 
the Periodic times are always proportional to the 
cubes of their mean didances horn the fun. 

The Periods, both tropical and fydereal, with the 
proportions of the mean didanccs of the fevcral planets 
arc as follow ; • • 


Planets 

T rnpical 

Periods 

Sydcfcal 

Pci'iodi 

* Proport. 
Dill*. 

Mercury 

iVenus 

Earth 

Mars 

Jupiter 
iSulurn 
Georgian or 
Hcrfchel 

87^ >3'' *4' 
224 16 42 
365 5 49 

6«6 32 18 

4330 8 58 
10749 7 

J0456 1 4> 

87' 2^16' 
224 16 49 
36J 6 9 
686 23 31 
433* 8 S' 
10761 14 37 

, 367'° 
7*333 

100006 

152369 

520110 

953800 

1908.180 


As to the comets, the Periods of very few of them 
are known. There is one however of between 75 and 
76 years, which appeared for the lall time in 1759; 
another was fuppofed to have its Period of 129 years, 
which was expelled to appear in 1789 or 17^0, but 
it did not ; and the comet which appeared m 1680 
it is thought has Its Period of 575 years. 

Period, m Chronology, denotes an epoch, or in- 
terval of time, by which the years arc icckoneel ; or a 
^rics of years by which time is meafured, in diffmmt 
nations. Such are the Calippic and Metonic Periods, 
two different corrciS^iona of the Greek calendar, the 
Julian Period, invented by jofeph Scaliger; the Vic- 
torian Period, &c. 

Cdtppic Pewod, Sec Calippic Ferlod, 
*GoHjiatU'mop<ditiin Period, is that ufed by the 
Greeks, and is the feme as the yw/fan Period, which 
ke. 

CUIdak TERtOB* See Saros* 


Dloft^an Period, See Vi^orlan Period, • 
Hipparchus' f PhRioD, is a feries or cycle of 304 fbfer 
years, returning in a conllant round, and rettoring the 
new and fiill moons to the feme day of the folar 
year ; as Hipparchus thought. 

This Period arifes by multiplying the Calippic Pe- 
riojl by 4. Hipparchus affumed tne quantity of the 
folar year to be 5I1, 55ni. I2 fee. and hence he 
concluded, that iu 304 years Calippus’s Period would 
ciT a whole day. He therefore multiplied the Period 
by 4, and from the produd caft away an entire day, 
Rut even this docj* not-redore the new and full moons 
to the fame day throughout the whole Period: but 
they are fometimes anticipated id. 8h. 23 m. 29 fee, 
20 thirds. 

Julian Pfriod, fo called as being adapted to the 
Julian year, is a ferics of 7980 Julian years; arifmg 
from the multiplications of tlie cycles of the fun, 
moon, and iiididion together, or the numbers 28, 19, 
15; commencing on the id day of January in the 
764th Julian year before the creation, and tlierefoic 
is not ,yct completed. This comprehends all other 
cycles, Periods and epochs, with the times of all me- 
morable actions and liidories ; and tlrcreforc it is not 
only the mod general, but the mod ufeful of all Pe- 
riods in Chronology. 

As every year of the Julian Period has its particular 
folar, lunar,- and indiiflion cycles, and no two years in 
it can have all thefe three cycles the feme, every year 
of this Period becomes accurately didinguifhed from 
another. 

This Period was invented by Jofeph ScaHger, as 
containing all the other epochs, to facilitate the re- 
dudtion of the ycam of one given epoch to thofe of 
another. It agrees with the Conftantinopolitan Pe- 
riod, ufed by the Greeks, except in this, that the cy- 
cles of the fun, raoon> and indidion, are reckoned dif- 
ferently ; and alfo in that the firll year of the Con- 
dantinopolitan Period differs from that of the Julian. 
Period. 

To find the year anfwering to any given year of 
the Julian Period, and vice verfe ; fee Epoch. 

Mftouk Period. Sec Cycle nf the Mwm» 

. Vltiorian Pejiiod, an interval of 532 Julian years ; 
at the end of which, the new and full moons rctunv 
again on the fame day of the Julfen year, according 
to the opinion of the feventor Vidorinua, or Vido- 
rius, who lived in the time of pope Hilary. 

Some aferibe this Period to Dionyfiua. ExiguuSr 
and hence they call it the Dionyfian Period : othciY 
again call it the Great Pafchal ?Cycle, bccaufe it was^ 
invented for computing the time of Eaffer. 

The Vidorian Period is produced by multiplying 
the folar cycle 28 by the lunar cycle 19, the pro- 
dud being 532, But neither doea this reftpre. the 
new and tuU moeas to the feme day throughout itS' 
whole duration, by id. i6h. 58m. 5^ 40 thircls. 

Pfriod, in Ajrithm<tic, is a dillindion made by a 
point, or a coo^ma, afeer every 6th pfeee, or figure 
and is ufed in numeration, for the diditiguife- 
ing and naming the fcveral figures pr pfeicj^ which 
are thus didinguifhed into Periods of fix fibres each. 
See Nu MS RATION. 

Period fe alfo ufed in ArithmeUCi in the extradipa 

of 
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P00t»| to point off, or fcparatc the figurci of the 
OTven number into Periods, or parcels, of as many 
figures each as are expreifed by the degree of the 
root to be extfa^ted, viz, of two places each for the 
fquare root, three places for the cube >root, and fo 
on. 

PERIODIC, or Periodical, appertaining to Pe- 
riod, or going by periods. Thus, the Periodical 
motion of the moon, is that of her monthly period 
or courfe about the earth, called her Periodical mouth, 
containing 27 days 7 hours 45 minutes. 

Periodical Mhnth, See Month, 

PERICECI, or Perioecians, in Geography, are 
fnch as live in oppofite points of the fame parallel of 
latitude. Hence they have the fame feafons at the 
fame time, with the lame phenomena of the heavenly 
bodies ; but their times of the dav are oppolite, or 
differ by 12 hours^ being noon with the one when it 
is midnight with the other. 

PERIPATETIC PhUofophy, the fyllem of philo- 
fophy taught and eftabli/hed by Ariftotle, and maintain- 
cd by his followers, the Peripatetics, See Aristo- 
tle, 

PERIPATETICS, the follower of Ariftotle. 
Though fome derive their eftabliihment from Plato 
liimfelf, the matter of botli Xcnocratcs and Ariftotle. 

PERIPHERY, in Geometry, is the circumference, 
or bounding bnc, of a circle, cUipfc, or other regu- 
lar curvilineal figure. Sec Circumference, and 
Circle. 

PERISCII, or pERisriANS, thofe inhabitants of 
the eaith, whofc Ibadows do, In one and the fame day, 
turn quite round to all the points of the compais, 
without difappearing. 

Such arc the inhabitants of the two frozen ;zone8, 
or who live within the compafs of the ar^ic and an- 
tardic circles j for, as the fun never fets to them, after 
he iij once up, but moves quite round about, fo do their 
lhadows alfo. 

PERISTYLE, in the ancient Architedhirc, a 
place or building encompaffed with a row of co- 
lumns on the iulidc ; by which it is diftinguifhed 
fiom the peripterc, where the columns aredifpofed on 
the outfidc. 

PfiRistYLE is alfu ufed, by modem writers, for a 
range of columns, cither within or without a build- 
ing. 

PERITROCmUM, in Mechanics, is a wheel or 
circle, concentric with the bafe of a cylinder, and 
moveable together with it, about an axis. The axis, 
with the wheid, and kveri fixed in it to move it, make 
that mechanical power, called Axis in Pmtroc/jio, 
which fee. 

PERMUTATIONS (f ^antithjf in Algebra, 
the Altxrnatioms, Caanges, or Afferent Com- 
binations of any number of things. 5 ee thofe 
terms. 

PERPENDICULAR, in 6cometry, or Normal. 
One linets Pcipoulicular to smother, when the former 
meets the letter fo^ to 

of It cqu4 to each.i^er. And Uiole angles are called 
right angles. And hence, to be Pcrpeodicnlar to, or 
^ make wkl^ one and thefsme 


thing. -So, when the angle 
ABC is ei^ual to the angle 
AJBD, the line AB is faid torn? 

Perpendicular, or normal, or at 
right angles to the line CD. 

''A line is Perpendicular to a 
curve, when it is perjicndicular 
to the tangent of the curve at 
the point of contadl. 

A line is Perptudicular to a 
plane, when it is Perpendicular 
to ' Very line drawn in the plane 
through the bottom of the Perpendicular. And one 
plane is Perpendicular to another, when a line in the 
one plane is rerpenclioular to the other plane. 

From the very principle and motion of a Perpendicu- 
lar, it follows, I. I’hat the Perpendicularity is mutual, 
if the fn ft AB is perpendicular to the fecond CD, then 
is the fecond Perpendicular to the firft. — 2. That only 
one Perpendicular can h-i drawn from one point iq the 
fame place. — 3. That tf a Perpendicular be continued 
through the line it was drawn Perpendicular to ; the 
continuation BE will alfo be Perpendicular to the fame. 
— ^4. That if there be two points, A and E, of a right 
line, cadi of which is at an ecjual dtftance from two 
points, C and D, of another right line ; thofe lines 
are Perpendiculars. — 5. That a line which is Perpendi- 
cular to another line, is alfo Perpendicular to all the 
parallels of the other. — 6, That a Perpendicular is the 
ftiortcft of all tliofe lines which can be drawn from the 
fame point to the fame right line. Hcncc ihedillancc 
of a point from a line or plane, is a line drawn from 
the point Perpendicular to tlic line or plane : and hence 
alfo the altitude of a figure is a Pei-pcndicular let full 
from the vertex to the bafe. - 

ToEretla Perpendicular from a given point ill a line. 
-—I. When the given point B is near the middle of tlie 
line ; with any interval in the compalfes take the two 
equal parts BC, BD ; and from the two centres 
C and D, with any radius greater than BC or BD, 
ftrike two arcs interfefling in E ; then draw BFA 
the Perpendicular required. 

2. When the given point G is at or near the end of 
the line ; with any centre I and radius IG deferibe au 
arc HGK through G; then a ruler laid by H and I 
will cut the arc in the point K> through wliicb the 
Perpendicular GK mult be drawn. 




^ To let fall a Perpendicular upon a given line LMfrom t 
given point N. With the centre N, and R convenient radi- 
us, deicribe an arc cutting thegiven line in L andM ,* with 
thefe two ecotres, and any othcrodnvenfent radius, ftrike 
p £2 two 
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two otfier arc* iitterfc^ng in O, the point through 
which the Perpendicular NOP matt be drawn. 

Nip/ft that Perpendiculars are bcil drawn, in praftice,, 
bjr mean* of a fquare, laying one fide of it along the 
given line, and the other to paf* through the given 
point 

PfiitPENDicuLAR, in Qunnery, is a fmall inttrument 
ufed for finding jhe centre line of a piece, in the 
operation of pointing it to a given objed. Sec i’w///* 
^ a Gun. 

Pekpbtv. \L MofU/i* Sec Motion. 

6Vrf /r o/’pERpfcTUAi. Oectettation and Jppat itwn. See 
Circle. 

Perpetual, ox Endkfs Screw, Sec Screw, 
PERPETUITY, iiuhe IWhineof Annuities, is 
the number of years in which the firnple intcreft of any 
principal fum will amount to ttie fane as the principal 
itfclf. Or it is the quotient ariiing by dividing loo, or 
any other principal, byitsintcvefl foroncyear. Thus, 
the Perpetuity, at the rate 5 per cent, intereft. Is 
20 ; at 4 per cent. ^5^ = 25 \ See. 

PERRY (Captain John), w'as a celebrated Englifti 
engineer. After acquiring great reputation for his 
(kill in this country, he relided many yean in Ruffia, 
havmg been recommended to the czar Peter while in 
England, a* a perfon capable of ftrving him on a va- 
riety of occafions rdatingto his new defign of eftabliih- 
ing B fleet, making his rivers navigable, &c. His fa- 
lary in this fervicc was to be 300I, per annum, befides 
travelling cxpenccs and fubfiftcncc money on whatever 
fcrvice he ihould be employed, with a farther reward to 
his fatisfa^Iion at the conclufion of any work he Ihould 
finiih. 

After feme converfation with the czar himfelf, parti- 
cularly refpe^ing a communication between the rivers 
Volga and Don, he was employed on ihat work for 
three fammcrBfucccfiivelyj but not being wenfupplied 
with men, partly on account of the ill fuccefsor Pe* 
ter** arms againtt the Swedes at the battle of Narva, 
and partly by the difeouragement of the governor of Af- 
tracan, he was ordered at the end of 1707 to ftop, and 
next year waE employed in refitting the (hips at Vero- 
nife, and 1 709 in making the river of that i.mie navi- 
Igable. But after repeated difappointments, and a va- 
ncty of fruitlefs applications tor his falary, he at 
length quitted the kingdom, under the protection 
of Mr. Whitworth, the Englifh ambaflador, in 1712. 
(Sec his Narrative in the Preface to The State of 
Ruha.) 

In 1721 he was employed in flopping the breach at 
Dagenham, made in the hank of the river Thames, 
near the village of that name in Effex, and about t 
miles l)elow Woolwich, in which he happily fuccccdcd, 
after fcvcral other perfons had failed in that undertak- 
ing. He was alfo employed, t^e fame year, about the 
harbour at Dublin, and publifhed at that time an An- 
fwer to the pWedions made againtt it. — Befidc this 
piece, Captain Perry was author of, The State of Ruf 
Jia, 1716, 8vo ; and An Account of the Stuping of Da- 
itidiam Breach^ Svo. — He died rAruary the 

ilthiiy. — . ' 

PEkSEUS, a contteUatton of the nortbem koni- 
'-^hcre^ being one of the 4Q ancient afleriftns. 

The Grem fabled diat this is Ferfeus, whom they 
3 


make the fon of Jupiter by Danae. Tfit fStRerofthat 
lady had been t( 5 d, that he ihould be killed by Ms* 
grandchild, and haring only Dftnac to take dare of,^ lie 
locked her up ; but J^iter found his way to her in a 
fliowcr of gold, and rerfous verified the oracle. ' He 
cut off alfoihe head of the gorgon, and affixed it to his 
Ihicid ; and after many other great exploits he refciu d 
Andromeda, the daughter of CafTiopeia, whom the fea^ 
nymphs, in revenge km* that lady’s boafling offuperior 
beauty, had fattened to a rock tb be devoured by a* 
monfier, Jupiter his firther in honour of the cxph)it, 
they fay, afterwards took up the hern, and tlic whole 
family with him, into the fliics* 

The number of ttars in this conftellation, in Ptolo- 
my’s catalogue, arc 29 ; in T\cho’s 29, in Hevelius’s 
46, and in the Britannic catalogue ^9. 

PERSIAN Ifheelt in Metmanics, a machine for 
raifnig a quantity of water,, to lerve for various pur- 
pofes. Such a wheel is veprefented iu plate XX, fig. i; 
with which water may be raifed by means of a flreapt 
AB turning a wheel CDE, accoi'ding to the order of 
the letters, with buckets Oy a, rz, //, 6cc, hung upon 
the wheel by ttrong pins 3 , f;, IrKcd in tiie lide 
of the rim ; which mutt be made as high as the water 
iff intended to be raifed above the level of that part of 
the ftream in which the wheel is placed. As the wheel 
turns, the buckets on the right hand go down into the 
water, where they arc filled, and leturn up full on the 
left hand, till they come to the top at K ; where they 
ftrike againtt the end n of the lixcd trough M, by 
which they arc overfet, atid fo empty the water into 
the trough ; from whence it is to be conveyed in pipes 
to any place it is intended for : and as each bucket gets 
over the tiongh, it falls into a per] eaillcular pofitiou 
again, and fo goes down empty till it comes to the water 
Bt A, where it is filled as brfore. On each bucket is 2- 
^ring r, which going over the top or crown of the bar 
m (fixed to tfte ti-ough M) raifes the bottom ok tlie 
bucket above the levd of its month, and fo caufes it to 
empty all its water into the trough. 

Sometimes this wheel is made to raife water no higher 
than its axis t R'td thenrinttead of buckets hung upon it, 
its fpokes C, d, c, f gt hy ore made of a bent form,, 
and hollow within; thefe hoRows opening into the 
holes C, D, £, in the outfide of the wlucl, and 
alfo into.thofe at O in the box N upon the axis. So 
that, as the holes C, D, ^cc, dip into the water, it 
runs into them; and as the wheel turns, the water riles 
in the hollow fpokes, r, d, See, and runs out' in a 
ftream P fborti the holes at O, and M&mto the trough 
Q, from whence it is conveyed by pipes. 

rERsiAN, orPtRsic, in ArchiuAurc, a name com- 
mon to all ttatucs of men ; fetvfng inttead of columns 
to fupport entablatures, 

Pexsian Era and Tmr, Stc Epoch and Year.. 

PERSPECTIVE, the art of ddincating vifibic ob- 
jeftson a plrmeTurfacc, fuchasthey appear at aefven 
dillance, or height, upon a traniparent plaae^ {daced 
commonly p^erpendicuccr to the horizon, between the 
cyfc and the ohjed. This h particularly called 

IJnkarV^tiftcriYt, asitgardjingthepofttfon, mag- 
nitude, form, ftc, of the festal hues, or contbOr* of 
olije^ andexpreflnigtheirdhmmitioru 

Some make this a ortincft of Optics ; others ai^ art 
, and 
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tod fcience derived from it i its operations however are 
all geometrical* 

RiRory of PersfEctive.' This art derives its ori- 
gin from painting, and particularly from that branch of 
1C which was empoyed i& the decorations of the theatre, 
where landfcapcs were chiefly introduced. Vitruvius, 
in the proem to his 7th book, fays that Agathaichus, 
at Athens, was the firfl author who wrote upoii this fub- 
jed, on occafion of a play exhibited by yEfcii^ lus, for 
which he prepared a tragic feene ; |,ard that atierwards 
theprinciples of theart were more diflindly taught in the 
wntiiigs of Democritus and Anaxagoras, the difei- 
ples ot Agatharchus, which are not now extant. 

The Pcifpcdive of Euclid and ofHcliodorus Earifleus 
contains only fomcgcncial elements of optics, that are 
by no means adapted to any paiticular pradice ; though 
they furnifli fome materials that might be of fervice even 
in the linear Perfpedive of painters. 

Geminus, of Rhodes, a celebrated mathematician, 
in Ciccno^s time, alfo wrote upon this fciencc. 

It is alfo evident that the Roman artiiis were ac- 
quainted with the rules of Perfpedive, from the ac- 
count wliich Pliny (Nat. Hid. lib. 35, cap. 4) gives 
of the reprefentation on the feeae of thofc plays given 
by Claudius Pulcher ; by the appearance of whuli the 
crows were fo deceived, that they endeavoured to fet- 
tle on the fiditious roofs. However, of the theory of 
this Alt among the Ancients we know nothing; as 
none of their wiitings have efcaped the general wieck 
of ancient literature in the^ dark ages of Europe. 
Doubtlcfs this art mull have been loll, when painting 
had Iculpture no longer exided. However, theic is 
reafon to believe that it was pradifed much later in the 
Eadcrn empire. 

John Tzetzes, in the 12th century, fpeaks of it as 
util acquainted with its importance in painting and 
Itatuary. And the Greek painters, who were emjnoycd 
by the Venetians and Florentines, in the I3lh century, 
it feems brought fome optical knowledge along with 
llicm into Italy ; for the difciples of Giotto are com- 
ir, ended for obferviiig Perfpedive more fegularly than 
any oi their prcdeceflToTS in the art had done ; and he 
lived in the beginning of the 14th century. 

The Arabians were not ignorant of this art ; as may 
be prtfumed from the optical writings of Alhazen, 
about the year iioo. And Vitellus, a Pole, about 
ti.e year 1270, wrote largely and learnedly: on optics. 
And, of our own nation, friar Bacon, as well as John 
Peckham, archbifhop of Canterbury, treated this fub- 
jed with furprifmg accuracy, confidering the times in 
''hieh they lived. 

The find authors who profefledly laid down rules of 
Ptrfpcdivc, were Bartolomeo Bramantino, of Milan, 
whole book, Rcgole di Perfpediva, e Mifiirc delle 
Antichita di Lombardia, is dated 1440 ; and Pietro 
del Borgo, iikewife an Italian, who was the mod au- 
^^nt author met w ith by Ignatius Danti, and who it is 
mppofeddied in '44J* This lad writer fuppofed ob- 
jedts placed beyoud a traBfparcnt tablet, and fo to 
tke images, which rays of light, emitted from 
fl make upon it* And Albert Durcr con- 

A machine upon the priucipLes of Borgo, by 
?^^h he could trace the Pcrfpcfliye appeanuicc of ^b- 


Lcon Battida Alberti, in 1450, wrote his treatife 
Dc Pidlura, in which he treats chiefly of Perfpcc- 
tive. 

Balthazar Per izzi, of Siena, who died in ’536, had 
diligently Jlndied the wiitings of Borgo ; and nis me- 
thod of Pcrfp<(fHve was puCliihed by Scrlio in 1540. 
To him it is laid we owe the difeovery of points of dif- 
tance, to which arc drawn all lines that make an angle 
of 45” with the ground line. 

Guido Ubaldi, another Italian, foon after difeovered, 
that all lines that aie paiallcl^to one another, if they be 
inclined to the giound line, converge to fon)c point in 
the horizontal line; and that through this point alfo 
will pafs a line drawn from the eye parallel to them. 
His PcrfpC(i^Uve was printed at Pifaro in 1600, and 
contained the flrll principles of the method afterwaida 
difeovered by Dr. Brook Taylor. 

In 1583 was publiflied the work of Giacomo Baroz- 
zi, of Vignola, commonly called Vignola, intitled'^nic 
two Rules of Perfpetlive, with a learned commentary 
by Ignatius Danti. In 1615 Marolois* work was 
jirintcd dt the Hague, and engraved and publiflied by 
Hondius. And in i62y, Sirigatti publimcd bis trea- 
tife of IVi fjiedive, which is little more than an abllradl 
of Vignola^s. 

Since that time the art of Perfpe6live has been gra- 
dually improved by fubfeqiicnt geometricians, particu- 
larly by profeflur Gravelande, and Hill more by Dr* 
Brook Taylor, whofc principles arc in a great meafurc 
new, and far more general than thofe of any of hispre* 
dcceflbrs. JIc did not confine bis rules, as they bad 
done, to the horizontal plane only, but made them ge- 
neral, fo as to affedl every fpeeics of lines and planes, 
whether tlicy were parallel to the horizon or not ; and 
thus his principles were made univerfal. Befidcs, from 
the fimplicity of his rules, the tedious progrefs of 
drawing out plans and elevations for any objedH, is ren- 
dered ufelefs, and therefore avoided; for by this me- 
thod, not only the fcwcH lines imaginable are required 
to produce any Perfpedlive reprekiitalion, but every 
figiiie thus drawn will bear the niceft mathematical ex- 
amination. Farther, his fyilem is the only ’0110 calcu- 
lated for anfweiing every purpofe of thofe who are 
pradtitioners in the art of defign ; for by it they may 
produce either the whole, or only fo much of an objeA 
as is wanted ; and by fixing it in its proper place, its 
apparent magnitude may be determiiied in an inflant. 
It explains alfo the Perfpe^rive of fliadows, the reflec- 
tion of objecls from poliflicd planes, and the inverft 
practice of Pcrfpc^live. 

His Linear Perfpedlivc was fil’d publiflied in 1715; 
and his New Principles of Linear Perfpe<Stivc in 17 lO* 
which he iutended as an explanation of his fiiil treatih. 
And hia method has been chiefly foUowed by all otlieni 
fiace. 

. Id 1738 Mr. Hamilton pubb'ihedhis Stereography, 
ia 2 Tola folio, after the manner of Dr. Taylor, But 
the neatell fyftcm of Perfpedive, botb as to theory 
and pradticc, on the fame principles, is tliat of Mr. 
Kirby. There are alfo good treatifes on the fubjed, 
by DeCargues, de Bofle, Albcrtus, Lainy, Nicerun, 
Pozzo the jefuit, Ware, Cowley, Prieftley, Fergufon, 
Emerfgn, Malton, Henry CUfke, dec. 

Of the Pnnci^let ^PfiRSPECxivE. To give an idea 

of 
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0 / the f\i(i prlncljilcs and nature of tlu« art i fuppofe a 
traniwirent pknc, as of gkfs See, HI raifed pcrpcndi- 
cularfy on g homontal plane ; and the fpaftaLor S di- 
reding his eye 0 to tlie triangle ABC ; if now we con- 
cctvc the ray^ AO, BO, CO, S:c, in their paiFage 
through the plane, to leave their traces -or vclliges in 
o, r, &c, on the plane ; there will appear the trian- 
gle ak ; which, as it ilrikes the eye by the fame rays 
nO, ^0, rO, by which the refle£lcd particles of light 
from the triangle arc tnuiTmittcd to the fame, it will 
exhibit the true appearance of the triangle ABC, 
though the obje(ft Aioulcl be removed, the fame dillancc 
and heighT of the eye being preferved. 

The bufintfs of Perij[>eOlive then, is to (liew by 
what certain rules the ix)ints a, h r, &c, may be 
found geometrically : and bcnce alfo we have a me- 
chanical mctliod of delineating any objedt very ac- 
curately. 
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wife he might ftift the pofition df hii head, and r« 
make a faife delineation of the obje(ft. 

Having traced out the figure of the objed, he may 
0 over It again, with pen and ink j and^ when that is 
ry, cover it with a fheet 'of paper, tracing the image 
upon this with a pencil ; then taking away the papei, 
and haying it upon a table, he may finilh the pjOUiie, 
by giving it the colours, lights, and ibaclcs, as he fees 
them in the objedl itfelf; and thus he will liuve a Unc 
refemblance of the objedt on the paper, 

OJ" certain Dejinitions i/i Pf. r s p e c T i v k . 

T'he point ofjight^ in Perfpedtive, is the point h., 
where the fpedator’s eye fhould be placed to view the 



Hcncc it appears that ahe is the fedtion of the plane 
of the pidture with the rays, which proceed from the 
original objfd^ to the eye: and therefore, when this is 
parallel to the pidturc, its reprefentation will be both 
parallel to the original, and fimilar to it, though fmaller 
in proportion as tnc original objedl is farther from the 
piaure. When the onginal objedl is brought to coin- 
cide with the pidlure, the reprefentation is equal to the 
original ; but as the objedl is removed farther and far- 
ther from the pidlure, its image will become fmaller and 
fmaller, and alfo rife higher and higher in the pidlure, 
till at laft, when the objedl is fuppofed to be at an infi- 
nite dillance, its image will vanilh in an imaginary 
point, cxadlly as high above the bottom of the pidlure 
as the eye is above the ground plane, upon which the 
fpcdlator, the pidlure, and the original objedl are fup- 
pofed to ftand. 

This may be familiarly illuftrated in the following 
manner : Suppofe a perfon at a window looks through 
ail upright pane of ghtfs at any objedl beyond ; and, 
keeping his head ilcadv, draws the figure of the objeft 
upon the glafs, with a black-lead pencil, as if the point of 
the pencil touched the obictl itfelf j he would then have 
a true reprefenUtion of the objedl in Perfpedlive, as it 
appears to bis ere* For properly drawing upon the 
glafs, it is neceffary to lay it over with flroiig gum wa- 
ter, which win be nt for drawirtg upon when dry, and 
wiU then retain the traces of the pencil. The perfon 
fhould alfo look through a fmall hole in a thin plate of 
metal, fixed about a foot from the glafs, between k 
aud his eye ; keeping his eye clofe to the hole* other* 


pidlure. And the point of ft^hty in the pidlure, called 
alfo the centre of the ptdurey is the point C diredtly op- 
pofite to the eye, where a perpendicular from the eye 
at E meets the pidlure. Alfo this perpendicular EC 
is the diflance of the piffure: and if this dillance be tranf- 
ferred to the horizontal line on vcach fide of the point 
C, as is fometimes done, the extremes are called the 
points of diilance. 

The original ptaney or geometrical planey is the plane 
KL upon which the real or original objedl ABGD is 
fituated. The line 01, where the ground plane cuts 
the bottom of the pidlure, is called the feHlon of the 
original plane, the grounddmff the litte oj the baft, or 
the fundamental line* 

If an original line AB be continued, fo as to interfedl 
the pidlure, the point of ihterfedlion R is called the in- 
tcrfedlion of that original line, or its Interfeflmg point. 
The horizontal plane is the plane algd^ which palTes 
through the eye, parallel to the horizon, and cuts the 
Perfpedtive plane or pidure at right angles ; and the 
horizontal line hg is the common interfcdion of the ho- 
rizontal plane vwith the pidure. 

The vertical plane is that which paffes through the 
eye at right angles both to the ground plane and to the 
pidure, as £CSN. And the vertical line is the com- 
mon fedion of the vertical plane and the pidure, 
asCN. - ^ ^ 

The hne of Ration SN is the common fedion of the 
vertic^ plane with the ground plane, and perpendicu- 
lar to theground line Oi- 

The 
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The Ihe of thb height of the eye is a perpendicular, as 
let fall from the eye upon the grouna pl^ne. 

The van'ifhing line of the original plane, is that line 
where a plane palTing through the eye, parallel to the 
original plane, cuts the pidurc : thus hg is the vanilh- 
ing line of ABGP, being the greateft height to which 
the image can rife, when the original objed is infinitely 
diibnt. 

The •vanifhing point of the original line, is that point 
where a line drawn from the eye, parallel to that ori- 
ginal line, intcrft^ls the picture: thus C and^ are the 
vaiiifliing points of the lines AB and //. All lines pa- 
lallcl to each other have the fame vanilTiing point. 

If fiom the point of fight a line be drawn perpendi- 
cular to any vanifiiing line, the point where that line 
into ft 6h the vanilhing line, is called the centre of that 
vauilhiiig line ; and tire (Ujhmceofa vanijhiug line is the 
length of the line which ib drawn'^from the eye, perpen- 
dicular to the faid line. 

arc points from wliich any lines in 
the Perfpt('.li\e plane are ineafurcd, by laying a ruler 
fiom theni tv) the divifions laid down upon the ground 
line. Tlie meafunng point of all lines parallel to the 
ground line, is either of the points of difiance on the 
horizontal line, or point of fight. The meafiirlng 
point of any line perpendicular to the ground line, is in 
the point of d:fianceon the horizontS line; and the 
mealurlng point of a line oblique to the ground line is 
f uuid by extending the compafi'es from the vanilhing 
jjoint of that line to the point of dillance on the per- 
]jv.ndicular, and felting off on the horizontal line, 

gemral Maxims or Theorems in Perspective, 



r y«Pj*cfentation ah, of a line AB, is part c 

«ic which pafles through the interfe^ins point 
fid the vanifliing point C, of the original line AB. 

If the original plane be paraUefto the pi^hire, 
have no vaoifhiog line upon it; confcqucntly i 
ft prefentation will be.pardleL When the original 
ptrpendicidar to the ground Kne, as AB, then its 
ling point la in Q, the centre of the pidure, or po 

image of a line bean a certain proportion 
ns original. And t^c image may be diteimined 
lemng the length or dillance of the given line 


the interfe£ling line ; and the difiance of the vanilhing 
point to the horizontal line ; i. c* by bringing both in- 
to the plane of thepldurc. 

Pros. To find tut reprsfentation of an ObieQive point h% 
—Draw A I and Az at pleafurc, iiiterfcaing the boi- 
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tom of the piaure in i and 2 ; and from the eye E 
draw EH parallel to Ai, and EL parallel to Azj 
then draw Hi and Li, which will interfeft each other 
iixUi the reprefentation of the point A. 

Otherwise. Let H be the given objective point* 



From which draw HI perpendicular to the fundamen- 
tal line DE, From the fundamental line DE cut off 
~ : through the point of figlit F draw a hori- 

zontal line FP, and make hP equal to the difiance of 
the'eye SK ; laftlv, join FI and PK, and tlieir inter- 
feiffion h will be the appearance of the given objeftive 
point H, as required. 

And thus, by finding tlie reprefen tat lens of the two 
points, which are the extremes of a line, and coniie^lpL- 
ing them togethc there will be formed the reprefen- 
tacion of the line itfclf. In like manner, the reprdfenta- 
tions of all the lines or fides of an3rfigiiicor folid, de- 
termine thofe of the folid itfelf ; which therefore ai c 
- thus put into Perfpcaivc. 

Aerial Perspective, is the art of giving a due di- 
minution or gradation to the ftrength of limit, fiiade, 
and colours ot objct^ls, accordingto their different dif- 
tancet, the quantity of light which falls upon them, 
and the imedium through which they are feen. 

Perspective MadAne^ is a machine for readily and 
eafily malung the ?crfpe6tive drawing and appearance 
of any olyciSl, with little or no (kill in the art. There 
have b^n invented various machines of this kind. One 
of which may even be fecu in the works of Albert 

Durcr, 
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DufCf* A very convenient one was invented by Dr. 
Bevie, and is dtferibed by Mr, Fergufon, in his Per- 
IjpcAivc, pa. 113. And another is dcfcribed#in Kir- 
by’s Perfpedive, pa. 65. 

pRRSPKCTivE Fl/irit or Pianet is a glafs or other 
traufparcnt furfacc fuppofed to be placta between the 
tyef and the objeft, and ulually perpendicular to the ho- 
r.zoiT, 

Sccno^raphic PERSPiiCxivE. See Scenography. 

PtRfpECTivE of Shiuhws, See Shadow. 

Specular Pirsplctive, is that which teprefents the 
objecls ill C) lindncal, conical, fpherical, or other mil ror?. 

PERl'ICA, a foil of comet, being the fame with 
Vero. 

PETARD, cMnilltary engine, fomcwfiat refembling 
in Oiapc a liigh-ci owned hat ; ferviug formerly to break 
down gates, baiTlcadcfi, draw-bridges, or the like works 
intended to be finpnfcd. It is about 8 or 9 inches 
wide, and weighs from 55 to 70 pounds. Its ufc was 
chiefly in a clandelline or piivate allack, to breakdown 
the gates &.e. It has alio been ufed in couiUermliHs, 
to break through the enemies galleries, and give vent 
to their mines : but the ufc of Petards is now difeon- 
tinued.^-—— Their invention is afcribtd to the Fiench 
Hugonots in the year 1579. Their moft fignal exploit 
was the taking the city Cah^rs by means of them, as 
we arc told by d’Anbigiic. 

PETIT (Peter), a confiderable mathematician 
and philofopher of France, was born at Montlu^on 
in the diocefc of Bourges, in the year 1589 ac- 
cording to fome, but in 1600 according to others. 
— He lird cultivated the mathematics and philo- 
fophy in the place of his nativity; but in 1633 he re- 
paired to Paris, to which place his reputation had pro- 
cured him an invitation. Here he became highly cele- 
braicd for his ingeulous writings, and for his connec- 
tions with Pafc 3 , Deft Cartes, Mcrfenne, and the 
other great men of that time. He was employed on 
feveral otcafions by cardinal Richelieu ; he was com- 
miflioned by this mini (lev to vifit the fea-ports, with 
the title of the king's engineer ; and was alfo fent into 
Italy upon the king’s buliucfs. He was at Tours in 
1640, where he married ; and was afterwards made in- 
tendant of the foitihcatious. Baillct, in his Life of 
Des Cartes, fays, that Petit had a great genius for 
mathematics ; that he excelled particularly in allrono- 
my ; and had a fingular paifion for experimental philo- 
fophy. About 1637 he returned to Paris from Italy, 
when the Dioptrics of Dcs Cartes were much fpoken 
of. He read them, and communicated his objedions 
to Mcrfenne, with whom he was intimately acquaint- 
ed. And y» t he foon after embraced the principles of 
Des Cartes, becoming not only his friend, but his par- 
tifan and defender ulfo. He was intimately conneded 
with Pufeal, witli whom h<* made at Rouen the fame 
ex}>ciiment8 concerning the vacuum, which Toriiollli 
had before made in Italy } and was afliiicd of their 
trutli by frequent repetitions. This was in 1646 and 
1647 *, and though there appears to be a long interval 
from this date to the time of hit death, we meet with 
fto other memoirs of liis life. He died Auguft the 
aoth 1667 at Lagnv, near l^ia, whither he had re- 
tired for fome time b^oit hi$ deceafe. 

Petit was the author of fevtral works upon phy- 


fical and agronomical fubjeds ; the principal of which 
are, 

1. Chronological Difcoarre, &c, 3636, 4to. la 
defence of Scahger. 

2. Treatise on the Proportional Compafles. 

3. On the Weight apd Magnitude of Metals. 

4. Conftfudion and Ufc of the Artillcij Calipcri. 

5. On a Vacuum. 

6 . On Eclipfes. 

7. On Remedies againll the Inundations of the 
Seine at Paris. 

8. On the Jundlon of the Ocean with the Mediter- 
ranean fea, by means of the rivers Aude and Ga- 
ronne. 

9. On Comets. 

10. On the proper Day for celebrating Eafler. 

1 1. On the Nature of Heat and Cold, &c. 

PE TTY (Sir William), a fingular Inllance of a 
univcrfal genius, was the elder fon of Anthony Petty, 
a clothier at Rumlcy in Hampfhire, where he was bum 
May the i6th, 1623. While a hoy he took great de- 
light in fjiending his time among the artificers there, 
vvhofc trades he could woik at when but 12 years cf 
age. He then went to the grammar-fchool' in that 
, place, where at 15 he became mailer of the Latin, 
Greek, and French languages, with arithmetic and 
thofe parts of pradlcal geometry and aftionomy ufeful 
in navigation. Soon after, he went to the univerlity 
of Caen in Normandy ; and after fome Hay there he 
returned to England, where he was preferred in the 
king's navy. In 1643, whem the civil war grew hot, 
and the times troiiblclome, he went into the Nethei- 
lands and France for three years; and having vigo- 
roufly profeciited his (Indies, efpecinlly in phylic, at 
Utrecht, Leyden, Amllerdam, and Paris, he returned 
home to Rumfey. In 1647 he obtained a patent to 
teach the art of double writing for 17 years. In 164S 
he piibliflied at London, “ Advice to Mr. Samuel 
Haitlib, for the advancement of fome particular parts of 
learning.” At this time he adhered to the prevailing 
party of the nation ; and wxnt to Oxford, where he 
taught anatomy and cheiniflry, and was created a doc- 
tor of phyfic, and grew into fuch repute that the pbilo- 
fopbical meetings, which preceded and laid the founda- 
tion of the Royal Society, were firft held at bis houfe. 
In 1650 he was made profeljbr of anatomy there ; and 
foon after a member 01 the college of pbyficians in Lon- 
don, as alfo profeflbr of muCc at Grefham college 
London. In 1652 he was appointed phyfician to the 
army in Ireland ; as alfo to three lonl lieutenants fuccel- 
livcly, Lambert, Fleetwood, and Henry Cromwell. In 
Ireland he acquired a great fortune, but not without 
fufpicions and charges of unfair pra6lice8 in his offices. 
Alter the reheUion w’as over in Ireland, he was ap- 
pointed oue of the commiflioncia for dividing the for- 
kited lands to the army wha fupprcii'ed it* Wlieu 
Henry Cromwell became lieutenant of that kingdom, in 
165^, he appointed Dr. Petty bis fecrelary, and clerk 
of the council; he hkewife procured him to be cleAcd 
a bui^efs for WeRloo in Cornwall* ia Richard Croin- 
jell's porliirnent, which met in January 1658. But? 
in March following, Sir Hierocn Sankey* member for 
WoodRock in Oxfordlhirj^, impeached him of high 
onnu» and n^ciBqiiMNrt in the execution of his offi^r. 

TbiJ 
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THU gate tlic doAor a great deal of trouble^ aa he wai 
fummoned before the Hdiifc of Commons; and not- 
wlihftanding ^bc ftrcnuoua endeavours of his friends, 
in their recommendations of him to fecrctary Thurloe, 
and the defence he made before the houfe, his enemies 
procured his dlfmiftion from his public employments, in 
16^9. He then retired to Ireland, till thcTeftoration 
of kingCharlea the Second ; foon after which he came 
into England, where he was very gracioufly received by 
tlie king, rtfigtied his profefTorihip at Grcfham college, 
and \s^a8 appointed one of the commiflioners of the 
Court of Claims. Likewife, April the nth, 1661, 
lie received the honour of knighthood, and the grant 
of a new patent, condituting nim furveyor-gcneiafof 
Ireland, and was chofen a member of parliament 
tliere. 

Upon the incorporating of the Royal Society, ke 
was one of the firit members, and of its firll council. 
And though he had left off the praAice of phyfic, his 
name was contiJiued as an honorary memberof the col- 
lege of phyficians in 1663, 

About this time he invented his double bottomed 
/bip, to fail againft wind and tide, and afterwards pre- 
fented a model of this flitp to the Royal Society; to 
whom alfo, in 1665, he communicated “A Difeourfe 
about the Building of Ships,** containing fomc curious 
fcciets in that art. But, upon trial, finding his Ihip 
failed in fome refpcAs, he' at length gave up that pro- 
je6b. 

In 1666 Sir William drew up a treat! fe, called /^er- 
hxim Bapientiy containing an account of the wealth and 
<• xpenccs of England, and the method of raifing taxes 
in the mod equal manner.— The fame year, 1666, he 
liifFcrcd a coufiderable lofs by the fire of. London,-— 
The year following he married Elizabeth, daughter of 
Sir Hardrefle Waller; and afterwards fet up iron 
works and pilchard fifhing, opened lead miners and a 
timber trade in Kerry, >frhich turned to very good ac- 
count. But all thefe concerns did not hinder him from 
the purfuit of both political and philofophical fpccula- 
tions, which he thought of public utility, publiftiing 
them either feparately or by communication to the 
Royal Society, .particularly on finances, taxes, political 
arithmetic, land carrii^e, guns, pumps, &c. 

Upon the firft meetmg of the rhilofi^hical Society 
at Dublin, iipon the plan of that at Loudon, every 
thing was fubmii^ed to bis dire^lion ; and when it was 
formed into a regular Ibctety, he was chofen prefident in 
Nov, 1684. thisoccafion he drew up a Cata- 

logue of mean, vulgar, cHbap, and fimplc Experiments,** 
proper for the inrant date of the focicty, and prefented 
it to them } a» he did ttlfo bis Supellcx Philofo^tcay con- 
fiding of 45 indrtnaaqiiU requifitc to carry on the de- 
fign of thtir {kiduutlofl* ! In 4685 be made his will ; in 
which he deeWes^tbat being then about 60, his views 
were fixed upon tiitproviog hisintids in Ireland, and to 
promote the trade of iren, lead, marble, fifb, and 
which hfi eflatc w^s capable oL And as for 
^iludies and experiments, I think now, fays he, 
*to confix the Ikitie to the anatomy^ of the people, 
and political arithmetic ; u alfo the improvement 
of (hips, land^caitiag^ gtms, and pumps, as of 
mod ufe to ipankind, not blaming the lludy of other 
men,’** But a few yeara aftcr^ all hif purfuiu were 


determined by the cffedls of a gangrene in his foot, oc** 
cafioncd by the fwclling of the gout, which put a pe- 
^ his houfe irr Piccadilly, Weftmiu- 

uer, Dec, 16, 16S7, in the 65th year of his age* Iffia 
corpfc w*as^ carried to Rumfey, and there loterred, near 
thofe of his parents. 

Sir William Petty died pofleffed of a very large for- 
tune, as appears by his will; where he makes his real 
eliatc about 6,500!. per annum, hisperfonal efiate about 
45,oool. his bad and defperate debts 30,000!, and the 
dcmonfimble impiovements of his Irilh eftate, 4000!, 
per annum ; in all, at 6 per cent, intereft, ijjOOoL 
per annum. This eftate came to his family, which con* 
filled ol his widow and three children, Charles, Henry, 
and Anne : of whom Charles was created baron of 
Shclbournc, in the county of Waterford in Ireland, by 
king William tlie Third ; but dying without iflue, was 
fuccccdcd by hisyounger brothcrHcpry*, who was created 
vifeount Dunkeron, m the county of Kerry, and wirl 
ofShclbourne Ftb. 11, 1718, He married the lady 
Arabella Boyle, fifter of Charles carl of Cork, who 
brought him fc veral children . He was member of par- 
liament for Great Marlow in Buckinghamlhire, and a 
fellow of the Royal Society : he died April 17, 1751. 
Anne was married to Thomas Fitzmorris, baron of 
Kerry and Lixnaw, and <lird in Ireland in the year 

The variety of purfuita, in which Sir William Petty 
was engaged, Ihews him to have had a genius capable of 
any thing to which he chofe to apply it : and it is very 
extraordinary, that a man of fo aftive and bufy a fpi. 
rit could find time to write fo many things, as it ap- 
pears he did, by the following catalogue. 

I. Advice to Mr. S. Hartlib ; 1648, 4to.— 2. A 
Brief of Proceedings between Sir Hierom Sankey and 
the author 8cc ;«i659, folio.— 3* Rcfleflions upon fomc 

perfons and things In Ireland, &c ; i66o, 8vo. 4, A 

Preatife of Taxes and Contribution, See ; 1662, 1667, 
1685, 4to, all without the author’s name. This latt 
was rc-publjUicd in 1690, with two otlier anonymous 
pieces, ** The Privileges and Pradtice of Parliaments,** 
and “ The Politician Difeovered ;** with a new title- 
page, where it is faid they were all written by Sir Wil- 
liam, which, as to the firft, is a miftakc.— 5. Appara- 
tus to the Hiftory of the Common Pradice ot Dyeing ;** 
printed in SpraPs Hiftory of the Royal Societv, 1&7, 
4to,— 6. A Difeourfe concerning the Ufe of Dupli- 
cate Proportion, together with a New Hypothefis of 
Sptingingor ElafticMotiona; 1674, i2mo,— 7. Collo- 
quium Davidis cum Anima fna, &C{ 1679, fblio.--* 

8. The Politician Difeovered, &c ; 1681, 4to.— 

9. An Eftay in Political Arithmetic; i68a, 8vo.— 

10. Obfervauoni iipoa the Dublin Bills of Mortality 
m i68t, See } 1683, Svo.-— II. An Account of fomc 
Experiments relating 10 Land-carriage, i*hilof. Tranf. 
numb* 161.— X2. Some Queries for examining Mineral 
Waters, ibid, numb. 166.-13, A Catalogue of 
Vulgar, Cheap, and Simple Ex^pcrimenti, Ac; ibid* 
numb. 167. — 14. Maps of Ireland, being an Adual 
Survey of the whole Kingdom, &c ; 1685,. foho.—. 

Ad Eflky coqccrBing the Multiplication of 
kind; f686|^, SvOi— i6,>A fuither AfiVrtioo concern- 
^ London, vindicating % Scci 
Pbj1pf.Triin£it^bt !;• Twoifiiyi^ f>oKti- 
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exl Arithmetic; 16S7, ^vo.— iH.' Five Effuys In Po- 
litical Arithmetic ; i6Sy, 8vo,— 19. ObCermtiom upon 
i*ondon and Rome; 1687, 8ro, * 

His porthumous pieces are, ( 1 ), Political Arithine- 
tic; 1690, 8, VO, and J755;, with his life prefixed.— 
(2), The Political Anatomy of Ireland, with Verbum 
Snpienti, 1691, 1719.— (3)* A Treatife of Naval 
Philofophy; i6pi, i2mo. — (4), What a complete 
Treatife of Navigation fliould contain ; Philof. Tranf. 
nmnb. 198. — (5), A Difeourfe of making Cloth with 
Sheep's Wool; in Birch’s Hift. of the Roy, Soc* — 
(6), Sopellex Philofophica ; ibid. 

PHA:N0MEN0N. SccPhenomenoit. 

' PH A RON, the name of a game of chance. Sec De 
Moivrc'sDodrine of Chances, pa. 77 and lOf. 

PHASES, in Aftronomy, the various appearances, 
,.or quantities of illumination of the moon, Venus, 
Mcrcuiy, and the other planets, by the fun. Thefc 
Phafes are very obfcrvable in the moon with the naked 
eye; by which (he fometiineS increalcs, fometimes 
wanes, is now bent into horns, and again appeal • a half 
circle ; at other times Ihc is gibbous, and again a full 
circular face. An'd by help of tlic telefcope, the like 
variety of Phafes is obferved in Venus, Mars, kc, 
Copernicus, a little before the ufc of telefcopcs, fore- 
told, that after ages would find that'Vcnus underwent 
all the changes of the moon j which prophecy w'as 
fird fulfilled by Galileo, who, diredirtg his tcicfcope to 
Venus, obferved her Phafes to emulate ihofc of the 
moon ; being fometimes full, fometimes horned, and 
fometimes gibbous. 

Phases ef an EcUpft* To determine thefc for any- 
time i Find the moon's place in her vifible way for that 
morqcnt ; and from that point as a centre, with the in.- 
terval of the moon's femidiameter, deferibe a circle : 

In like manner find the fun’s place in the ecliptic, from 
which, with the femidiameter of the fun, deferibe ano- 
ther circle ; The interfedlioa of the two circles (hews 
the Phafes of the cclipfc, the quantity of obfeumtion, 
iml the pofition of the cufps or horns. 

PHENOMENON, orPH<*NOMENON,*an appearance 
in phyfics, an extraordinary appearance in the hea- 
vens, or on t-nrth ; cither difeovered by obfervation of 
the celtfliftl bodies, or by phylical experiments, the 
fifufe of which is not obvious. Such are meteors, co- 
mets, uncommon appearance of liars and planets, earth- 
quakes, &c. Such alfo are the efFedls of the magnet, 
phofphonis, &c. 

PHlkOLAUS, of Crotona, was a celebrated phi- 
lb fopher of the Ancients. He Was of the fcbool of Py- 
thagoras, to whom that philofopher’s Golden Verlcs 
have been afcidb^d. He made the heavens his chief ob- 
of contemplation; and has been faid to be the 
author of that true fyllem of the world which Coper- 
nicus afterwards revived ; but erroncoufiy, becaufe 
there is undoubted evidence that Pythagoras learned 
that fydem in Egypt. On that e^neous fnppofition 
however it was, that Bulliald placed the nam^ of Phi- 
lolaua at , the head of two works, wrillcn to illoftratc 
amt confirm that fyltem. 

Be Was (lays l>r. Enfield, in his Hiftory of PKL 
lolbphy) a dtlciple of Archytas, and fiouHfhed in the 
time o> Plata it was from him that Pkto pimcfiafied 
the written recordi of flie Pyttiagotm coutn* 


ry to an exprefs oath taken by thefoefety of Pythago- 
reans, pledgingthemfdves to keep fecrct the myfieriej 
of their fed. It is probable that 'amowg thefe boob 
were the writing of T/maras, upon which Plato formed 
the dialogue which bore his name. Plutarch relates, 
that Philolaus was one of the perfons who efcaped from 
thehoufe which was burned by Cylon, during the life 
of Pythagoras ; but this account cannot be correct. 
Philolaus was contemporary with Plato, and therefore 
certainly not with Pythagoras. Interfering in affairs 
tf ftate, he fella facrifice to political jcaloufy. 

Philolaus treated the do£lnnc of nature with great 
fubtlety, but at the fame time with great obfeurity ; 
referring every thing that cxifls to mathematical prin- 
ciples. He taught, that reafon, improved by mathema- 
tical learning, is alone capable of judging concerning 
the nature of things : that the whole world confiffs of 
infinite and finite ; that number fubfifts by itfelf, and 
is the’ebain by which its power fuftains the eternal 
frame of things ; that the Monad is not the foie prin- 
ciple of things, but that the Binary is neceffkry to fur- 
nifh materials from which* all fubfequent numbers may 
be produced; that the world is one whole, which has a 
fiery centre, about which the ten ccleftial fpheres re- 
volve, heaven, the fun,^ the planets, the earth, and the 
moon ; that the fun has a vitreous furface, whence the 
fire dijfufcd through the world is refleacd, rendering 
the mirror from which it is refleacd vifible ; that ali 
things are preferved in harmony by the law of neceffi- 
ty ; and that the world is liable to deftrudion both by 
lire and by water. From this fummary of the dodrinc 
of Philolaus it appears probable that, follo\ving Ti- 
maeus, whofe writings he poffeffed, he fo far departed 
from the Pythagorean fyftcm as to conceive two inde- 
pendent principles in nature, God and matter, and that 
it was from the fame fource that Plato derived his doc- 
trine upon this fubjed.” 

philosopher, a perfon Well verfed in philofo- 
pny } or who makes a profcflion of, or applies himfdf 
to, the lludy of nature or of morality. 

PHILOSOPHICAL Transactions, Ihofc of the 
Royal Society, See Transactions. 

PHILOSOPHIZING, the ad of confiderlng fome 
objed of our knowledge, examining its properties, and 
the phenomena it exhibits, and enquiring into their 
caufes or effeds, and the laws of them ; the whole 
conduded according to the nature and reafon of things, 
and direded to the improvement of knowledge, 
nr Rules of Philosophizing, as cftabliLd by Sir 
Ifaac Newton, arc, i. That no more caufes of a na- 
tural effed be admitted than are true, and fuffice to ac- 
epunt for its phenomena. This agrees with the fenti- 
ments of moft pliilofophcre, who hold that nature does 
nothing in vain ; and that it were vain to do that by 
many things, which mWit be done by fewer, 

1. That natural effeas of the fame kind, proceed 
from the fame caufej. Thua, for inftanee, the caufc 
of refpiration h one and the fame in man and brute ■, 
tltc caufe of the defeent of a done, the fame in Europe, 

M in America p the caufc of light, the fame in the fun 
and in cuHnarjr fire t and the caufe of refleaion, the 
m the pUncu as the earth. 

tics of bodies which arc not capable of 
bcihig ncightaacd, and rcnuctcd, and which are found 

in 
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in all Wfcs 6n which eiipcriments can he made, 
be confidercd Muniverfal qualities of all bodies. Thus, 
the extenlion df 'body i« ottljr^ perceived by our fenfes, 
nor is it perceivable in all bodies : but fince it is found 
in all that \\e have pcrc^tion of, it may be aflirmed of 
all. So we find that Icveral bodies are hard ; and 
argue that the hardnefs of the whole only arifes from 
the hardnefs of The parts : whence we infer that the 
particles, not only of thofe bodies which are fcnfiblc, 
blit of all'others, are likewife hard. Laftly, if all the 
bodies alwut the earth gravitate towards the earth, and 
this according to the qiiantitv of mattei in each j and 
if tlie moon gravitate towai*ds the earth alfo, accord- 
ing to its quantity of. matter ; and the fca again gra- 
▼ilale towards the moon ; and all the planets and co- 
mets gravitate tow'arda each other '; it may be afiiimed 
univcrfally, that all bodies in the creation gravitate to- 
wards each other. This rule is the foundation of all 
natural philofophy. 

PHILO^'OPHY, the knowledge or fiudy of na- 
ture or morality, founded on rcafon and experience, 
l.iternlly and originally, the word fignined a lo\c 
of wifdom. But by Philofophy is now meant the 
knowledge of the nature and reafons of things ; as 
difllugiiinKcl from hidory, W’hich is the bare know- 
ledge of fafls ; and from mathematics, which is the 
knowledge of the quantity and menfurcs of things. 

Thefe three kinds of knowledge ought to be joined 
as much as pofiible. Hillory furnilhes matter, princi- 
ples, and pradlical examinations ; and mathematics 
completes the evidence. 

Philofophy being the knowledge of tlie reafons of 
things, all arts muil have their peculiar Philofophy 
which conftitutes their theory : not only law and phy- 
tic, but the loweft and moft abjeft arts are not without 
their reafons. It is to be obferved that the bait intcllk 
gcnce and memory of philofophical propofitions, with- 
out any ability to demonfirate them, is not Philofophyp 
but hillory only. However, where fuch propofitions 
arc determinate and true, they may be ufenilly applied 
in pradlice, even ly tliofe who are ignorant or their de- 
monilrations. Of this we fee daily inftances in the 
rules of arithmetic, pra<5lical geometry, and naviga- 
tion ; the reafons of which are often not underftood by 
thofe who pra 6 life them with fuccefs. And this fuc- 
ct fs in the application produces a convi<flion of mind, 
which is a kind of medium between Philofophical 
or fcientific knowledge, and that which is hiiloHcal 
only. 

If we confider the difference there is between natu- 
ral philofophcrs, and other men, with regard to their 
knowledge of phifcnomena, we (ball find it confifts not 

an cxafler knowledge of the efficient caufc that 
produces them, for tliat can be no other than the will 
of the Deity ; but only in a greater and more enlarged 
oomprehenfiou, by which analogies, harmonics, andagree*- 
ments are dtferibed in the w'orks of nature, and tl»e 
particular effedts explained J that is, reduced to general 
rules, which rules grounded on the analogy and utii- 
ormnefg obferved in the produ^Ion of natural cftcifls, 
are more agreeable, and Ipught after by the mind ; for 
that they extend our profpedt beyond what is prefer. t, 
^nd near to us, and enable us to make very probable 
^onjcfturca, touching things that may have happened 


^at very great dirtances of tinw and place , 'm well as tti 
pfeditt things to tome ; which fort of endeavour toward* 
omnifctence is much afFcdloil by the miUd. Berkley* 
Pnneip. of Hum. Knowledge, ia 4 » loy. 

From tlie firil broachers of new opiuipus, and the 
firft founders of foliools, Philofophy is become divided 
into fcveral feifls, feme ancient, others modei n \ fiich 
are the ^ Plalonills, Peripatetics, P'picurcans, Stoics, 
Pynhonians, and Academics; alfo the CaVtefiaus, 
Newtonians, &c. Sec the particular ai tides for each. 

Philofophy may be divided into iw^o branches, or it 
may be conftdcred under two circXimtlanccs, theoretical 
and pi.idical. 

T'hotdkal c\v Shfcuhittve Philosophy, is employed 
in mere contemplation. Sucli is phyfirs, which is a 
bare contemplation of nature, and natural things. 

Thcoretic.ll Philofophy again is ufually fuodivided 
into three kinds, vi/, pneumatics, phyfics or foinaticsi^ 
and mctaphyfics or ontology. 

The firfl confiders being, abdr.-idedly from all mat- 
ter : it? objeflfi are fpirits, their natures, pioperties, 
and efleds. The fecond confiders matter, and mate- 
rial things : its objeds are bodies, their propcities, 
laws, 5cc. 

The third extends to each inditfeiently: its obj^ddi 
are body or fpirit. 

In the Ol der of our difeovery, Or arrival at the know- 
ledge of them, phyfics is firft, then metaphyfics ; 
the lall arifes from the two firft confideitjd toge- 
ther. 

But in teaching, or laying down thefe feveml brauchci 
to others, we ooferve a contrary order ; beginning 
,with the moft univerfal, and defeending to the more 
particular. And hence we fee why the Periipatetica 
call mctaphyfics, and the Cartefians pneumatics, the 
prlma phifofophia, ' 

Others prefer the diftribution of Philofophy Jnt^ 
four parts, viz, I. Pneumatics, which confiders and 
treats of fpirils. 2 . Somatics, of bodies. 5 . The 
third compounded of both, antliropology, which confix 
ders man, in whom both body and fpirit arc found. 4 ^ 
Ontofophy, which treats of what is common to all tlur 
other three. 

, Again, Philofophy may be divided into three piwls ; 
nitellcdual, moral, and phyfical : the iftleJIeif iial part 
comprifes logic and mclaphyfics ; the moral part con- 
tains the laws of nature and nations, ethics and poli- 
tics j and laftly the phyfical part comprehends the doc- 
trine of bodies, animate or inanimate ; thefe, with their 
various fubdivifions, will comprize the whole of Phi- 
lofophy. 

PrnrftVj/pHiLOSOPHY, is that* which lays down the 
rules of a virtuous and happy life ; and excites us to 
tliepra€licc of them. Moft authors divide it into two 
kinds, anfwerable to the two forts of human anions to 
be dircfled by it ; viz, Ivogic, which governs the ope- 
rations of the uudcrftanding ; and Ethics, properly fo 
called, which diredl: thofe of the will. 

For the fevcral particular forts of Philofophy, fee 
the articles, AtaWan, Arillotelian, Atomical, Carte- 
fian, Corpufcular, Epicurean, Experimental, Hermc- 
tical, Leibnitzian, Mechanical", Moral, Natural, New- 
tonian, Oriental, Platonic, Sckolaftic, Bocratic, &c. 
6 cc. 

G g 2 PHOENIX, 
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PHOENIX, a conflellation of the foathcfn hemi- 
fphpre. This is one of the new-added afterifms, un- 
known to the Ancients, and is not viiiblc in our north- 
ern parts of the globe* There are 13 ftars in this 
coniiellationi 

PHONICS, otherwife called Acoustics, is the 
do^inne or fclcnce of founds* • , 

Phonics may be confidered as an art analogous to 
Optics ; and may be divided, like that, into JDire^^, 
Rcfradlcd, and Refltlfted. . Thefc branches, the bifhop 
of Ferns, in allufion to the parts of Optics, denomi- 
nates Phonics, Diaphonics, and Cataphonics. See 
Acoustics. 

PHOSPHORUS, a matter which fiiincs, or even 
burns fpontantoully, and witliout the application of 
any fcuiiblc fire. 

Phofphori are cither natural or artificial. 

Natural PhoSphori, are matters which become 
luminous at certain times, without the alTdlancc of any 
art or prcjiaration. Such arc the glow-worms, fre- 
quent in our colder countries ; lantern-flics, and other 
finning infedls, in hot countries ; rotten-wood ; the 
eyes, blood, fciles, flefli, fweat, feathers, &c, of fevcral 
animals ♦, diamonds, when rubbed after a certain man- 
ner, or after having been expofed to the fun or light ; fu- 
gar and fulphur, when pounded in a dark place \ fea 
water, and fome mineral waters, when brifkly agitated; 
a cat’s or horfe’a back, duly rubbed with the hand, 
^<c, in the dark; nay Dr. Croon tells us, that upon 
rubbing his own body brilkly with a well-warmed 
fiiirt, he lias frequently made both to fliine ; and Dr. 
Sloanc adds, that be knew a gentleman of Brillol, and 
his fon, both whofe (lockings would (bine much after 
walking. 

All natural Phofphori have this in common, that 
they do not (hinc always, and that they never give any 
heat. 

Of all the natural Phofphori, that which has occar 
honed the greateft fpcculation, is the - 

Barometrical or Mercurial Phosphorus. M. Picard 
hrft obferved, that the mercury of his barometer, when 
ihaken in a dark place, emitted light. And many 
fanciful explanations have been given of this phenome- 
non, which however is now found to be a mere clediical 
effedl. 

Mr. Hawkfhee has feveral experiments on this ap- 
pearance. Palfing air forcibly through the body of 
quickfilvcr, placed in an exhaullcd receiver, tbc parts 
were violently driven againft the fide of the receiver, 
and gave all around the appearance of fii'C ; eouti- 
iiulng thus'till tbc rectiver was half full again of air. 

From other experiments he found, that though the 
appearance of light w'as not producible by agitating tlic 
inefcury in the Tame manner in the common air, yet 
that a very flue medium, nearly approaching to a va- 
cuum, was not at all ncccfifary. And lalUy, from 
other cxpeiimcnts he found that mercury inclofcd in 
water, which edmmunioatod with the open air, by a 
violent (hakiur of the vcfl’cl in which it was inclofcd, 
emitted particles of light in great plenty, like little 
ftars. 

By including the vcfftl of mercur)', &c, in a receiver, 
and exhantting the kir, the phenomenon was changed ; 
and upon fhdting the veiTel, iiiftead of fparks of light, 


the whole mafs appeared pne continued circle of 
■flight. 

Farther, if mercury be inclofcd m a glafs tube, clofe 
(lopped, that tube is found, on being rubbed, to give 
jTiucn more light, than vlrhen it had no mercury in it^ 
When this tube has been rubbed, after raifing fuccef- 
iivclyits extremities, that the mercury might flow from 
one end to the other, a light is fecn creeping in a fer- 
pentinc manner all along the tube, the mercury being all 
luminous. By making the mercury run along the tube 
afterwards without rubbing it, it emitted fome light, 
though much lefs than before ; this proves that the 
fridlion of the mercury againft the glafs, in running 
along, docs In fome meafiire ele£lrify the glafs, as the 
rubbing it with the hand does, only in a much lets de- 
gree. This is more plainly proved by laying fome 
very light down near the tube, for this will be attraded 
by the elcdricity railed by the running of the mercury, 
and will rife to that part of the glafs along which the 
mercury runs ; from which it is plain, that what has 
been long known in tlic world under the name of tlie 
Pliofphorus of the barometer, is not a Phofphorus, 
but merely a light ralfed by eledricity, the merciny 
dedrifying the tube. Philof. Tranf. numb. 484. 

Ariijicim Phosphori, are fuch as owe their luminous 
quality to fome art or preparation. Some of thefe are 
made by the maceration of plants alone, and without 
any fire j fuch as thread, linen cloth, but above all pa- 
per : the luminous appearance of this laft, which it 
18 now known is an clcdrlcal phenomenon, is greatly in- 
creafed by heat. Almoll all bodies, by a proper treat- 
ment, have that power of fiiining in the dark, which at 
firft was fuppofed to be the property of one, and after- 
wards only of a few. See Philof. Tranf, numb. 478, 
in vol. 44, pa. 83. 

Of Arlilitial Phofphori there arc three principal 
kinds ; the firft burning, which confumes every combuf- 
tiblc it touches ; the other two have no fenfible heat, 
and are called the Bononian and Hermetic Phofphoru-i ; 
to which clafs othew of a fimilar kind may be re- 
ferred. 

The Burning Phosphorus, is acombinatioo of phlo- 
gifton with a peculiar acid, and confequenlly a fpecies 
of fulphur, tending to decompofe itfelf, and fo as to 
. take fire on the accefs of air only. Tliis maybe made 
of urine, blood, hairs, and gc^ierally of any part of au 
animal that yields an oil by diftiUation, and moft caiily 
of urine. T. It is of a yellowiflTcolour, and of the confill- 
cncc of hard wax, in the condition it is left by the diftil* 
lation ; in which (late it is called phofphorus fulgnrans, 
from its corrufeations ; and phofphorus fmaragdinus, bt- 
caufe its light is often green or blue, elpecially in places 
that are not very dark ; and from its confiftence it is 
called folid Phofphorus. It diffolvcs in all kinds of 
diftiUed oils, in which (late it is called liquid Phofpho- 
rus, And it may be ground in all kinds of fat poma- 
tums, in which way it makes a luminous unguent. — vSo 
that thefe forts are all the fame preparation, under de- 
ferent circumftanccs. 

. The difeo very of this Phofphonia was made in 1 6 7 7 » 
by one Brandt, a -citiaen ^ Hamburgh, in his rc- 
fcarchea for the philofopher^ ftone. And tlie method 
was afterwards found out both by Kunckel, and Mr. 
Doyle, from only learning that urine was ilie chief fub- 

(Unc« 
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fliocc of It I finw tlica it has been called KunckcU's 
PbofphoruS. It is prepared by firft evaporating the 
urine to a robj^ or confiftence of honey, and after* 
wards dilUUiitg it in a very ftrotig heat, &c. Set Mem. 
Acad. Paris 1737; Philoi, Tranl. numb, 196, or Abr. 
vol. 3, pa. 346 ; Mem. Acad. Berlin 1743. 

Many curious and amuring*cxpcriments are made with 
riiofphorus ; as by writing with it, wdicn the letters 
will appear like flame in^ the dark, though in the light 
nothing appears but a dim fmoke ; alfo a little bit of it 
rubbed between two papas, prcfently takes fire, and 
bums vehemently ; &c. By w^afliing the face, or hands, 
^cc, w'ith liquid Pliofphorus, they will fliine very con- 
fiderably in the dark, and the liUlic will be communi- 
cated to adjacent objcd'ls, yet, without hurting tho 
flein : on bringing In the candle, the fluuing difappears, 
and no cliange is perceivable. 

Bologman or Ucmnian Phosphorus, is a preparation 
of a llonc called the Bononian done, from Bologna, a 
city ill Italy, near which it Is found. Tin's Phofpho- 
1U3 lias no fenfiblc heat, and only becomes Inminons af- 
ter being expofed to tlie fun or day light. For the mc- 
tliod of prepaiing it, fee tlic Mem. Acad. Beilin 
17^9 and 1750. 

The Ifcrmeiic Phosphorus, or third kind, is a pre- 
paration of Pnglifli chalk, with aqua fortis, or fpirit of 
nitre, by the fire. It makes a body conJiderably fofter 
than the Pologuian done, Init having otlierwifc all tlie 
l.imc qualities. It is alfo called Baldwin's Piiolphorus, 
fiom Its inventor, a German chemid, crdlcd alfo Hermes 
in the fociety of the Naturae Curioforuin, whence its 
oUicr name Hermetic; it was difeovered a little before 
the year 1677. See Acad. Par. 1693, pa. 271 ; and 
Grew’sMuf. Reg. Soc. p, 353. 

Phosphor us, fird difeovered by Horn* 
berg, is a combination of quick-lime with the acid of 
fal ammoniac, from which it receives its pfilogidon. 
Mem. Acad. Par. 1693, 

Anthnonuil Phosphorus, is a kind difeovered by 
Mr. (ieolfioy in his experiments on antimony, Mem. 
Acad. Par. 1736. 

Phosphorus^ Berne- Jl one ^ a name given to a 
done from Berne, in Switzeiland, where it is found, 
and which becomes a kind of Phofphorus wdien heated. 
jNIcm. Acad. Paris 1724. 

Canton* s PHOSPHORtls, a very good kind, prep.^red 
by Mr. Canton, an ingenious philofophcr, from cal- 
cmedoyder fliclls. Philof. Tranf. vol. 5?^ pa. 337. 

Phopshorus / rfrj/rV, a very good kind, exhibiting 
many wonderful phenomena, and prepared, by Mr. 
Homberg, fiom human dung mixed with alum. Mem. 
Acad. Par. lyn.' 

Phosphorus Metallorum^ a name given by fomc 
chemdls to a preparation of a certain mineral fpar, 
lound in the .mines of Saxony, and other places where 
there is copper. Philof. Tranf. numb. 244, p. 365’. 

Phosphorus of Sulphur, a new-difeovered f[)ccits, 
'^hich i.eadily takes fire on being expofed to the tqien 
lur, and invented by M. Lc Fevre. Man. Acad. 

IW. 1728. , ' 

Phosphorus, in Aftronomy, is the morning flar, 
or the planet Venus, when rtie nfes before the fun. The 
^tins tall it Lucifer, the French Etoik dc bergt r, and 

the GrcckiPholpborus. 


PHYSICAL, fomething bclon ging to nature, or ex* 
'ufling in it. Thus, \vc fay a Phyiicm point, in oppoli- 
tion to a mathematical one, which lad only exills in the 
imagination. Or a Phylical fubftance or body, in oj • 
pofition to fphit, or metaphyfical fubllancc, &c. 

Physical, qt Senfble Horizon* Sec Horizon,, 

VnYUCO-Malhematies, or Mixed Mathemaiks, in- 
cludes thofc branches of PKyfics which, milting obfer- 
vation and experiment to matliematiqal calculation, ex- 
plain mathematically the phenomena of nature. 

PHYSICS, called alfo Phjfologj, and Natural Phi- 
lofophy, is the dodlrine of natural bodies, their pheno- 
mena, caufes, and cffeils, with their various affedions,. 
motions, operations, &c. So that tlie immediate and 
proper objeds oj; Phyfics, are body, fpace, and mo- 
tion. 

The origin of Phyfics is referred, by the Greeks, to 
the Barbarians, viz, the brachmans, the magi, and the 
Hebrew and Egyptian prieAs, From thefe it paffed to 
the Greek fages or fophi, particularly to Thales, who 
it is faid firll profefled the Itudy of nature in-Grccce^ 
Hence it defetnded into the fchools of the Pythago- 
reans, the Platonifls, and the Peripatetics ; from 
whence it pafled into Italy, and thcncc through the 
red of Europe. Tliough tlie druids, bards, &c, had a 
kind of fydem of Phylics of their owm. 

Phyfics may be divided, with regard to the manner 
in which it has been handled, and theperfons by whom, 
into 

Symbolical Physics, or fuch as was couched under 
fymbols; fuch was that of the old Egyptians, Pytha* 
gorcans, and Platonids who delivered the properties 
of natural bodies under arithmetical and geometrical 
cliatatdeis, and hieroglyphics. 

Pcripatetieal'pH\ i\Qti, or that of the Arldotellans, 
who explained the nature of things by mar ter, form,, 
and privation, elcmcntaiy and occult qualities, fympa- 
tides, antipathies, attradlions, Ac. 

Expeftmental Physics, which enquires into tlierca- 
fons and natures of things from experiments: fuch as 
thofe in chemidry, hydiollalics, pneumatics, optics, 
Ac. And 

Mtchamcal or Corpufcular Physics, which explains 
the appearances of nature fiom lhe*rnattcr, motion,, 
drinfluic, and figure of bodies and their parts : all ac- 
cording to the Icitlcd law's of nature and mechanics, 
tiee each of thefe articles under Its own head. 

PIASl'ER, a Spanidi money, more ufually called 
Piece of Eight, about the value of 4fi. 6d, 

PIAZZA, popularly called Piaclie, an Italian nnnvi 
for a poilito, or coveted walk, fuppotled by aiches. 

FlC'ARD (John), an able malliematielan of Fruncc,. 
and one of the mod learned allronoincrs of the lyrh 
century, was born at FlecLe, and became pried and 
prior of Rilliein Anjou. Coming afterwards to Paris, 
hisfupci'ior talents for mathematics and allionomy foon* 
made him known and rcfpcdltd. In 1666 he was ap- 
pointed a.dronomer in the Academy of Sciences. And 
live years after, he was fail, by order of the king, to 
thccatllc of Uraniburgh, bulk by Tycho Biahe' in Den- 
'mark, to make adronomical obfervations there; and 
from thence he brought the original inanufciipt?, wiit- 
tenby )cho Brahe; whith arc the more vaiuablc, aa 
they differ in many places fiom the printed copiee, and 

cuntaim 
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torriain a l)Ook more than ha» y«t appeared. Thcfe 
dlfcovcricft were followed by many others, particularly ^ 
in aftronomy ; He waa one of the firft who applied the 
tekfeope to adronomical quadrants : he firu executed 
the work called, La Connojffance dei TempSy which he 
calculated from 1679 to 1083 inclufivcly : he firft ob- 
ferved the light in the vacuum of the barometer, or the 
rnacuilalphofphorus: he alfo firftof any went through 
fcvcral pans of France, tomcaruie the degrees of the 
French meridian, and firft gave a chart of the country, 
which the Cairmls afurwaias carried to a great degree 
of pcrfci^lion. He died in 1682 or 1683, leaving a 
ivarnc dear to his friends, and rcfpcAablc to hii contem- 
poraries and to poflcrity, His works are, 

A Ireatife on levelling. 

■2. Fradical Dialling hy calculation, 

3. lAagmcnts of Dioptrics. 

4. Kxpciiincuts on Running Water. 

5. Of Meafnrements. 

6. ' Mcnfuialion of Fluids and Solids. 

7. Abridgment of the Mtafure of the Earth. 

8. Journey to Uianiburgh, or Adronomical Obfer* 
vatioiis made in Denmark. 

9. AlliouomicalObfervations made in divers parts of 
Funcc. 

to. La Connoiffance dea Temps, from 167910 1683, 

All thcfe, and fome other his w’orks, which are 
much edeemed, are given in the 6tli and 7th volumes 
of tlie,Memoir8 of the Academy of Scicncciilw 

PlCCOLOMINl (Alexander), archbulrop of 
Patras, and a native of Sienna, where he was born 
about the year i^oS. He was of an illuilrious and an- 
cient family, which came originally from Rome, but 
afterwards fettled at Sienua. He compofed with fuccefs 
for the theatre j but he was not more diftinguifhed by 
his genius, than by the purity of his manners, and his 
regard to virtue. His chanty was great ; and waJ 
chiefly exerted in relieving the necefiities of men of 
letters. He was the firft who made ufc of the Italian 
language in writing upon philofophical fubjeds. He 
died at Sienna the 12th of March 1578, at 70 years 
of age, leaving behind him a number of works in Ita- 
lian, on a vanety of fubje^ls, A particular catalogue 
of them may be feen in the Typographical Dictionary ; 
the ptincipal of which arc the following : 

1. Various Dramatical pieces. 

2. A treatife on the Sphere, 

3, A Theory of the Planets^ 

4, Tranfiation of Ariftotle's Art of Rhetoric and 
Poetry, 

3, ASyftemof Morality, publijicd at Venice, 1575, 
in 4to j tranflated into French by Peter dc Larivey, 
and printed at Paris, 1581, in 410. 

Thefe, with a variety of other works, prove his cx- 
tenfive knowledge in natural philofophy, mathematics, 
and theology. 

PlCCOLOMINl (Francis), of the fame family with 
the foregoing, was born in 1520, and taught pKilofo- 
phy with fuccefs, for the fpace of 2 2. years, in the mod 
celebrated univerfities of Italy, and afterwards retired 
to Sienna, where he died, in 1604, at 84 years of age. 
He was fb much and fo generally vcfptaed, that the 
'City went into mourning on his death, 

Piccolomini laboured to revive the do^rine of Plato, 
2 


and endeavoured alfo to imitate the manners of that 
philofophcr. He had for his rival the famous James 
Zabar Alla, whom he excelled in facility of expreffioa 
and neatneft of diftion j but to whom he was much 
inferior in point of argument, becaufe he did not exa- 
mine matten to the bottom as'tbe other did ; but pafled 
too rapidly from one propdfitlon to another. 

PICKET, Picquety or Piquet, in F’ortification 5 fc, 
a ftakc (harp at one end, and ufually (hod with iron j 
ufed in laying out ground, to mark the feveral bouiuls 
and angles of it. There arc alfo larger Pickets, driven 
into the earth, to hold together fafeines or faggots, in 
works that are thrown up in haftc. As alfo vaiious 
forts of fmaller Pickets for divers other ufes. 

PIECES, in Artillery, include all forts of great 
guns and mortars ; meaning Pieces of ordnance, or 
of artillcij. 

PIEDOUCHE, in Archlte£lnrc, a little ftand, or 
pcclcftal, either oblong or fquarc, enriched with mould- 
ings ; ferving to fupport a bull, or other litMe figure ; 
and is more ufually called a bracket pcdethil. 

PIEDROIT, in Architc6lurc, a kind of fquarc 
pillar, or pier, partly hid within a wall. Differing 
from the Fllafterby having no legular bafe nor capital. 

PiroRoiT is alfo ufed mr a part of the folid wull 
annexed to a door or window ; comprehending the 
doorpoft, chambranle, tableau, leaf, 6(c. 

PIER, in Building, denotes a mafs of ftone, &c, 
oppofed by way of mrtrefs, againft the force of tlie 
fca, or a great river, for the fecurity of (hips lying in 
any harbour or haven. Such are the Piers at Dover, or 
Ramfgatc, or Yarmouth, &c. 

PiFRS arc alfo ufed in Archite£lure for a kind of pi- 
lafters, or buttreffes, raifed for fupport, ftrength, and 
fometvmea for ornament. 

Circular Piers, arc called MafTivc Columns, and are 
cither with or without caps. Thcfe are often feen in 
Saracenic architcAure. 

Piers, of a Bridge, arc the walls built to fiippoit 
the arches, and from which they fpring as bafes, to 
Hand upon. 

Piers ihould be built of large blocks of ftone, folid 
throughout, and cramped together with iron, which 
will make the whole as one folid ftone. Their extremi- 
ties, or ends, from the bottom, or bafe, up to high- 
water mark, ought to projeft marp out with a faliant 
angle, to divide llic ftream. Or perhaps the bottom 
art ofthe Pier fhould be built flat or fquarc up to about 
alf the height of low-water mark, to encourage a 
lodgment againft it for the fand and mud, to cover the 
foundation ; left, being left bare, the water ftiould in 
time undermine and ruin it. The beft form of the 
projcAion for dividing the ftrcam> is the triangle ; and 
the longer if is, or the more acute the faliant angle, the 
belter it will divide it, and the lefs will the force of the 
water be againft the Pier ; but it may be fufficient to 
make that angle a right one, as it will render the ma- 
fonry ftronger, and in that cafe the perpendiailar pro- 
jeftion w ill he equal to half the breadth or thicknefs of 
the Pier. In rivers where large heavy craft navigate, 
and pafs the arches, it may perhaps be better to make 
the ends femicircular ; for though this figure docs nOt 
divide the water fo well as the triangle, it will better 
turn ofiT, and bear the (hock of the ersKt, 

The 
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The tbicknefs .of the Piers aught to he fuch as vill 
make them of weighty or ftrengt!i| fuflicicut to fiip- 
part their intcijaccnt ^rch, independent of the afllftance 
of any other arches.* And then* if the middle of the 
pier be run up to its full height) the centring may be 
ilnick, to be ufed in another arch, before the hanches- 
or fpandrcls arc filled up. They ought alfo to he made 
with a broad bottom on the foundation, and gradually 
diminifhed in ihickncfe by oifsets up to lov7>vvaier 
mark. 



Ta fnd the thklnefs FG of the Piers, ncccflTary to 
fupport an arch ABM, this is a general rule. Let K 
he the centre of gravity of the half arch ADCB, A = 
its area; KL perpendicular to AM the fpan of the 
arch, OB its height, and BC its thicknefs at. the 
crown : then is the thicknefs of the pier 


“ ■ EF X KL' 


X A. 


Some authors pretend to give numbers, in tables, for 
this purpofe ; but they are very erroneous. See my 
treatifc on the Principles of Bridges, feft. 3. 

PIKE, an ofTcnfive weapon, confiftingof a (haft of 
wood, 12 or 14 feet long, headed with a flat-pointed 
fled, called the fpcar. 

Plinv fays the Lacedemonians were the inventors of 
t.ic Pike. The Macedonian phalai)x was evidently a 
battjdion of Pikemen. 

'I'he Pike was long dfed by the infantry, to enable 
them to fuftaiii the attack of the cavalry ; but it is now 
taken from them, and the bayonet, fixed to the muzzle 
flrclock, is given inftead of it.— It is flill 
uicd by fome officers of infantry, under the name of 
tpontoon. 


//o^PiRE It the weapon carried by an officer of 
only 8 or 9 feet long. 

pilaster, in Architeflure, a fqudtc column, 
omciim^s infulated, but more frequently let within a 
th‘ only projcfling by a 4th or 5th part of its 


he Pilailer is different in the different orders ; bor- 
rowing the name of each order, and having the fame 
proportions, and the fame capitals, members, and oma- 
o^enis, with the columns thcmfelves. 

Pilaster, called alfo Memhtettc, is a Pilaftcr 
‘at lupports an arch ; aitd it g<*icrally ftands againft a 
P‘er or column. » » 7 a 


PILES, in Building, are largt (lakes, or beamtf 
Jharpened at the^tid, and (hod with iron, to be driven 
into the ground, for a foundation to build upon in 
marfhy places. 

Anifterdam, and Ibmc other cities, arc wholly built 
upon Piles. ' The lloppagc of Dagenham-breach w'aa 
cfFcdIcd by dove-tail Pilce, that is by Piles mortifed 
into one another by a dovetail joint. 

Piles are driven down by blows of a large iron weighty 
ram, or liammcr, dropped contiimally upon them from a. 
height, till the Pile is funk deep enough into the 
ground. 

Notwithflanding the momentum, or force of a body 
in motion, is as the weight multiplied by the velocity^ 
or limply as its velocity, the weight being given, or 
conllant; yet the cfFedl of the blow will be neaily a» 
the fquarc of that velocity, the cfFed being the quanti- 
ty the Pile finks in the ground by the ttroke. For the 
force of the blow', which is transferred to the Pile, being 
ddlioycd, in fume certain definite time, by the friflion 
ol the part which is within the caitb, which is nearly a 
conflant quantity ; and the fpaces, in conflant forces^ 
being as the fquarcs of the velocities; therefore the ef- 
feds, which are thofe fpaces funk, are nearly as the 
fquarc of the velocities ; or, which is the fame things 
nearly as the heights fallen by the ram or hammer, to 
the head of the Pile. See, upon this fubjed, Leopold 
Bclidor, alfo Defaguliers’s Exper. Philof. vol. i, pa* 
336, and vol. 2, -pa. 417; and Philof. Tranf. 1779, 
pa. 120. 

There have been various contrivances for raifing and 
dropping the hammer, for driving down the riles > 
fomc Ample and moved by ftrengtli of men, and fom« 
cornplex and by machinerjr ; but the complctcil Pile- 
Driver is efleemed that which was employed in driving 
the Piles in the foundation of Weftminfter bridge. 
This machine was the invention of a Mr. Vaulouc, and 
the defeription of it is as follows. 

Deferipthn of FaulcueU PiisV.- Driver* Sec fig. 7, 
pi. XX. A is the great uprigur lhaft or axle, carrv'ing 
the great v/heel B and drum C, and turned by horfci 
attacned to the bars "i, S. The wheel B turns the 
trundle X, having a fly O at the top, to regulate the 
motion, and to ad agair.lt the horfes, and keep them 
from falling when the heavy ram Q^is difengaged to 
drive the Pile P down into the mud &c. in the bottom 
of the river. The drum C is loofc upon the fliaft A, 
but is locked to the wheel B by the bolt Y. On thia 
drum the great rope HH is wound ; one end of it being 
fixed to the drum, and the other to the follower G, 
paffing over the pulleys I and K. In the follower G are 
contained the tongs r , which take hold of thc' ram Q^, 
by thc Aaplc R for drawing it up. D is a fpiral or fu- 
fee fixed to thc drum, on which winds tlicfmall rope T 
which goes over thc pulley U, under the pulley V, and 
is faffened to the top of the frame at 7. To the pulley- 
block V is hung thc counterpoife W, which hinders the 
follower from accelerating as it goes down to take 
bold of the ram ; for, as the follower tends to acquire 
velocity in its defeent, the line T winds downwards 
upon the fufee, on a larger and larger radius, by which 
means thc counterpoife W adts ilronger and flronger 
againft it ; and fo allows it to come £)wn with only a 
«^mte and uniform vslocity. The bolt V locks thc 

drum 
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to tlic great wheel, being pulhcd upward by the 
ftnall lever 2, which ^ocs through a mortlic in the (haft^ 
A, turns upon a pin in the bar 3 fixed into the p-«at 
mIii'cI 11, and hrtr>a w’clght 4, which always tenoi' to 
pnOi up tlie bolt Y through- the wheel into the drum. 
L ill the great lever turning on the axis w, and'relling 
upon the forcing bar 5, which goes down through a 
hollow' in the fhaft A, and bears upon the little lever 2, 

By the lioifcs going round, the great rope H is 
wound about tbe drum C, and the ram Qjs drawn up 
by the longs F in the follower G, till thc^. come be- 
tween the inclined planes £; wdilch, by (nutting the 
tongs at the top, open them below, and fo difenarge 
the ram, which fulls down between tbe guide pods bh 
«pon tbe Pile P, and drives it by a few llrokcs as far 
into the ground as it can go, or as is dcfiied ; after 
which, the top part is ('awed oft' tlofe to the mud, by 
an engine for tlut purpofe. Immediately after the ram 
is difeharged, the piece 6 upon the toUower G takes 
hold of the ropes which raife the end of the 
lever I/, and caufe its end N to defeend and prefsdown 
the forcing bar 5 upon the little lever 2, which, by 
drawing down the bolt Y, unlocks the dium C fiom 
the great wheel B 5 and then the follower, being at li- 
berty, comes down by its own weight to the ram ; and the 
lower ends of the tongs Hip over the ftaple R, and the 
weight of their heads caufes them to fall outward, and 
(huts upon it. Then the weiglit 4 pufhes up the bolt Y 
into the drum, which locks it to the great wheel, and 
lo the ram is drawn up as before. 

As the follower comes downi, it caufes the drum to 
turn backward, and unwinds the rope from it, while 
the hoi fes, the great wheel, trundle, and fly, go on 
with an uninterrupted motion ; and as the drum is 
turning backwMid, the counterpoife W is drawn up, 
and its rope T wound upon the Ipiral fufec D. 

There are fcvcral holes in the under fide of the 
drum, and the bolt Y always takes the firft one that 
it finds when the drum flops by the falling of tlie 
follow'cr upon the ram ; till which ftoppage, the bolt 
has not time to (l:p into any of tlie holes. 

The peculiar advantages of this engine arc, that the 
weiglit, called tlie ram, or hammer, may be raifed with 
the Itaft force ; that, when it is raifed to a proper 
height, it readily difengages itfelf and falls with the 
iitmolt freedom ; that the forceps or tongs arc lowered 
down Ijpecdily, and inflantly of themfelves again lay 
hold or the ram, and lift it up ; on which account 
this machine W'ill drive the greatefl number of piles in 
the leaft time, and with the tewefl labourers. 

This engine w'as placed upon a barge on the water, 
and fo was tafily conveyed to any place deiired. 'Fhe 
lam was a ton weight ; and the guides b, by which 
it was let fall, were 30 feet high. 

A. new machine for driving piles has been invented 
lately by Mr. S. Biince of* Kirby-ftreet, Hatton-ftreet, 
I^ondon. This, it is faid, will drive a greater number 
of Files in a given time than any other ; and that it can 
be conftru^ed mote Amply to work by horfes than 
Vaulouc^ engine above deferibed. 

Fig. 3 and 4, plate xx, ifeprefetit a fide and front 
feAion of the machine. The chief parts arc, A, fig. 3, 
which arc two cndlcfs ropes or chains, conncAed by 
croit pieces of iron B ^fig.4) correfponding with two 


crofs grooves cut diametrically oppofite in the w'hecl C 
(fig, 3) into which they are received ; and by which 
meAns the rope or chain A is carried round. FHK is a 
lide-view of a ftrong wooden frame moveable on the 
axis H. D is a wheel, over which the chain paftes and 
turns within at the top of the frame. It moves occa- 
fionally from F to G upon the centre FI, and is kept in 
the pofitlon F by the weight I fixed to the end K. In 
fig. 5, L is the iron ram, which is connected with the 
crofs pieces by the hook M, N isa cylindi ical piece of 
wood fufpended at the hook at 0 , which by Aiding 
fiecly upon the bar tliat conne6\s tlie hook to the ram, 
always brings the hook upright upon the chain when at 
the bottom of the machine, in thepolition of GP. Sec 
%• 3 * 

VVhen the man at S turns the ufual ciane-work, the 
ram being connected to the chain, and palling between 
the guides, is drawn up in a perpendiculai diredion , 
ail'd when it is near the lop of the machine, the piojeCt- 
ing bar Qj)f the hook flrikea agatnfl a crofs piece of 
wood at R (fig. 3) ; and confequently difeharges tlie 
ram, while the weight I of the moveable frame iiillaiuly 
draws the upper wheel into the politlun (hewn at F, 
and keeps the chain free of the ram in its defeent. The 
hook, w hile dcfceiidlng, Is prevented from catching the 
chain by the w'ooden piece N : for that piece being Ipc- 
cifically lighter than the iron weight below, and movin;; 
with a lefb degree of velocity, cannot come into contac t 
with the iron, till it is at the bottom, and the ram ftop^i. 
It then falls, and again conneds the hook with the 
chain, which draw's up the ram, as before. 

Mr. Biuiccbas made a model of this machine, whuli 
performs perfedly well } and he bbferves, that, as tin.' 
motion of the wheel C is uninterrupted, there appeal s 
to be the leaft poflible tirnu loft in the operation. 

Pile is alfo ufed among Archileds, for a mafs or 
body of building. 

Pile, in Artillery, denotes a collcdion or heap of 
(hot or (hells, piled up by horizontal courfes into either 
a pyramidal or clfc a wedge-llkc form ; the bafe being 
an equilateral triangle, a fquare, or a redanglc. In 
the triangle and fquare, the Pile terminates in a finglc 
ball or point, and forms a pyramid, as in plate xix, fig. 
4 and 5, but with the redangular bafe, it finifhes at top 
in a row of balls, or an edge, forming a w'cdgCj -asin fig. 6. 

In the triangular and fquare Piles, the number ot ho- 
rizontal rows, or courfes, or the number counted on 
one of the angles from the bottom to the top, is always 
equal to the numbercounted on one fide, in the bottom 
row. And in rectangular Piles, the number of row?, 
or courfes, is equal to the number of balls in the 
breadth of the bottom rowq or (horter fide of the bafe : 
alfo. In this cafe, the number in the top row, or edge, 
it one more than the difference between the length and 
breadth of the bafe. All which is evident from the in- 
fpedion of the figures, at above. 

The courfet in thefe Piles arc figurate numbers. 

In a triangular Pile, each horizontal courfc is a Irla'i- 
gular number, produced by taking the fttcccflivc fuois of 
the ordinate nuiift>er8,viz, - 

I =r I 

1 + 2 =3 

1 + 2 + 3 . = 6 

1 + 2 +*3 + 4= 
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An(i the number of (hot in the triangular Pile, is the 
fi;ra ot all thefe triangular numbers, taken as far, or to 
P8 many terms, as the number in one fide of the bafe. 
And therefore, to find this fum,or the number of all the 
fiiot in the Pile, multiply continually together, the 
number in one fide of the bafe row, and that number 
incrcafed by i, and the fame number incrcafed by 2 ; 
ilien ^ of the lull produi^ will be the anfwer,,or number 
ut all the Ihot in the Pile, 


That is, 


n .n + I , « + 


— is the film ; 


v^licre « is the number in the bottom row. 

Again, in Square Piles, each horizontal courfe is a 
hpiaie number, produced by taking the fquare of the 
number in its fide, or the fucccUive fums of the odd 
nun.bcrs, llius, 


1 ==: I 

I d- 3 =4 

14-3 + 5 =9 

1+3 + 5 + 7 = 16, &c. 

And the number of fiiot in the fquare Pile isthefum 
of ill! tlul c fquare numbers, continued fo far, or to as 
many teims, as the number in one fide of the bafe. 
And therefore, to find this fum, multiply continually 
If gether, the number in one fide of the bottom courfe, 
iiiul tlint number incrcafed by 1, and double the fame 
number incrcafed by i j then jf of the laft produd will 
he the fum or anfwer. 


"I’hat if, 


« . rt 4 - I . 4 - I 


the fum. 


In a rcfl angular Pile, each horizontal courfe is a rc6f- 
angle, wlioic two fulcs have always the fame dilferencc 
<1 ihofcohlie bnfe courfe, and the breadth of the top 
or edge, being only ij becaufc each (jouifc in 
alci tiding has its length and breadth always lefs by i 
il an the courfe next below it. And thefe rectangular 
iOLitlesare found by multiplying fuccefilvely the terms 
01 h.vadihs i, 2, 3, 4, &c, by the fame terms added 
to tiic conllant difference of the two fidcs d ; thus, 

1 . i 4 " 14* d 

2 . 2 4 - ^/ = 4 4-2// 

3 ' 3 + ^ = 9 + 3 ^^ 

4 . 4 4 - ^/ = 1 6 4- 4</, &:c. 

And the number of ihot In tlie rcClangular Pile is the 
mmot alhlicfe rcdlanglcs, which, it is evident, confill 
of the fum cf the fquares, together with the fum of an 
arithmetical pri^remon, continued till the number of 
tu rns be the diffcicnce between thclcngtdi and breadth 
01 the bafe, and 1 lefs than the edge or top row. And 
trurefore, to find this fum, multiply continually togc- 
J.hf'r, the niiml>cr in the breadth of the bafe row, the 
•une number incrcafed by i, and double the fame 
mimber incrcafed by j, and alfo incrcafed by trijde 
j v oifFcrence between the length and breadth of the 
; then { of thelali produft will be the anfvvcr. 


That is, 


^ +, 1 . 2/5 4- ^d 4. I 


is the fum. 


‘cre i 18 the breadth of the bafe, and d the difTercncc 
between the length and breadth of the bottom courfe. 

» to incomplete Piles^ which arc only fruftums, 

* II. 


wanting a fimilar fniall Pik- at the top ; it is evident 
that the number in them w'ill be found, by full com- 
puting the number in the whole Pile, as if it were com- 
plete, and alfo the number in tlic fmall Pile wanting at 
top, both by their pioper rule ; and then fubtrading 
the one number from the other. 

In piling of fhot, wlicn room is an objed, it maybe 
obfervcdihut tlie fquare Pde is the Itall eligible, of any, 
as it takes up mon* room, in pro]>ottion to tlie number 
of fliot contained in it, than either of the other two 
foims ; and that the reiflangular Pile is the moll cligt- 
hle, as taking up the leall loom in proportion to the 
iiuiuhcr it contains. 

PILLAR, a kind of irrcgiilur column, round, 
and infulated, or dethclud from the wall. Pillaisaic 
not refit ided to any rules, tlicii paits and propoi lions 
being arbitiary ; fiich for example as thofc that fuppoit 
Saracenic vaults, and other buildings, See. 

PINION, in Mechanics, isanaibor, oi fpindlc, in 
the body of which are fe\cial nutclies, wliicli aiccatchid 
by the teeth of a wheel that ferves to I uni it loiind. Or 
a Pinion is any kiftr wheel that plays in the teeth of % 
larger. 

In a watch, 5 cc, the nottlics of a Pinion are called 
leaves, and not teeth, as in other wheels j and their 
number is commonly 4, 5, b, 8, Sic. 

Pinion of Report^ is that Pinion, in- a watch, com- 
monly fixed on the ai+or of a great whccd : and which 
ufed to have but four leaves in old watches ; it drives tlic 
diaLwhecl, and carries about the hand. 

The number of turns teJ be laid upon the Pinion of 
report, is found by this proportion : as the beats in one 
turn of the great wdicel, are to tlu beats in an hour, fo 
are the hours on the face of the clock (viz 12 01*2^), 
to the- quotient of tlie hoiir-whctl or dial-wheel divided 
by the Pinion of report, that is, ky tl’.e numbd of tiiins 
which the Pinion of repoit hath in one turn of tlicdial- 
whccl. Which in nnmbcis 1526928 ; 20196 ; : 12 ; 9, 
— Or thus ; as the hours of the watch’s going, me to 
the mimbcis of the turns of the fiifir, lo arc the hours 
of the face, to the quotient of the Pinion ofiTjioit. So, 
if the hours be 12, then ns 16 : 12 ; ; 12 : 9; but if 
24, then as 16 ; 1 2 : : 24 : 

This rule may krve to lay llie Pinion of rcpoit on any 
other wlict'l, thus: as llie hc.its in one turn of any 
wdiecl, are to the belts in an hour, foarc the hours of 
the face, or dial-plate, of the watch, to tjic quotient of 
the dial wheel divided by the Pinion of report, fixed on 
the Ipirdlc of tlic afor<*faid wheel. 

PIN r, a meafureof capacity, being the 8th part of a 
gallon, both in ale and wine intijafuie, 8<c, Ihcwine 
Pint of puie fpring water, wedghsncar 17 ounces a\oir- 
dupc'is, and the ale Pint a little above 20 ounces. 

Ihe Paris Pint contains aliout 2 pounds of common 
water. And the 8coft;h Pint contains lofij cubic 
inches, and therefore contains 3 liitiglifh Pints. 

PISCES, the 12th fign or conllellation in tlie zo- 
diac; in the form of two li files tied together by the tails, 

T. he Greeks, who have forne fable to account for the 
origin of every conllcllat Ion, tell us, tlx^t when Venue 
and Cupid were one time on tlie banks of the Eu- 
phrates, there appeared before them that terrible giant 
Pvphon, who was fo long a terror to all the Gods. 
Thefe deities immediately, they fay, tlircw thcmfelvct 
H h into 
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Into the water, and were there changed Into thefe two 
fifhe*, tl»c I’ifces, by which they elcaped the danger. 
But the E’^yptians ufed the hgns of the zodiac aa part 
of their hieroglyphic language, and by the 12 they 
conveyed an idea of the proper employment during the 
12 monthB of the year. The Ram and the Bull had, at 
tliat time, taken to the increafe of ti!(|8ir flock, the 
young of thofc animals being then gmwing up; the 
maid Virgo, a reaper in the lield, fpoke the approach 
of harvdl; Sagittnry declared autumn the time for 
huiiilng ; and the Pifees, or fifhca tied together, in 
token ol their being taken, reminded men that the ap* 
proaeh of fpiing was the time for hlhing. 

The Ancients, as they gave one of the 12 months 
of the year to the patronage of cadi of the 12 fuperior 
deities, fo they alio dedicated to, or put under tlic tu- 
telage of each, one of the 12 figns of the zodiac. In 
tins divlfton, the (ilhes naturally fell to the fliare of Nep- 
tune ; and heuee arifes that lulc of the allrologers, 
which throws c\ery thing that regards the fate of nects 
and rncrchandi/e, under the more immediate patronage 
and protedion of thisconflellation. 

'I'he flare in the fign Pifccs are, in Ptolomy^s cata- 
logne 38, in Tycho’s 36, in Hcvelius’s 39, and in the 
Britannic catalogue 1 13. 

PiSCIS Aujlva\is>, the Southern Fifli, is a conftella- 
tion of the fouthern hemifphcrc, being one of the old 
48 eonllcllations mentioned by the Ancients, 

Tire Greeks have here again the fable of Venus and 
her fon throwing themfclves into the fea, to efcape from 
the terrible Pyphon. This fable is probably borrowed 
from the hieroglyphics of the Egyptians. With them, 
a fllh reprefented the fea, its clement ; and ^'yph()n 
was probably a land flood, perhaps reprefented by the 
frgu Aquarius, or waUr pourer, whofc llrcam or river is 
reprefented as fwallowcd up by this filh, as the land 
floods and rivers are by the fea. And Venus was 
fomt queen, perhaps Scmirainis, otherwife called Ha- 
maniah, who took to the river or the fea with her fon, 
in a vefld, to avoid the flood, 5 :c, 

The remarkable flar Fomahaut, of the ill magnitude, 
is jufl In the mouth of this frlh. The ftafs of this 
conftcllatlon arc, in Ptolomy’s catalogue 18, and in 
Flamllecd’s 24. 

Piscis Volam^ the Flying Fiflj, Is a fmall conftella- 
tion of the fouthern hemifpliere, unknown to the An- 
cients, but added by the Moderns. It is not vifible in 
our htrtude, and contains only 8 flars, 

PISTOLE, a gold coiniln Spain, Italy, Switzerland, 
&c, of the value of /a^oij^6s. W. 

PISTON, a part or member in fcveral machines, 
particularly pumps, air-pumps, fyringes, &C} called 
alfo the Embolus, and popularly the Sucker. 

The Plfton of a pump is 9 (hort cylinder of wood 
or metal, fitted exadly to the cavity of the barrel, or 
body ; and which, being worked up and down aker- 
latcly, raifes the water ; and when raifeth prefles it 
again, fo as to make it force up a valve with which it is 
furnilhed, and fo efcape through the fpout of the 
pump* ^ 

There are two forts of PIftons ufed In pumps ; the 
one with a valve, called a bucket ; and the other with- 
out a valve, called a forcer* 


PLACE, in Philofophy, that part of' infinite fpace 
which any body poflenes. 

Ariflotlc and his followers divide Place into External 
and Internal. 

Internal Place*, is that fpace or room which the bo- 
dy contains. And 

External Pr.ACE, Is that which includes or contains 
the body ; and is by Arillotle called the firft or concave 
and immoveable furface of the ambient body. 

Newton better, and more Intelligibly, diftinguiflKi 
Place into Abfoliiteand Relative. 

Ahjolutc Primary Place, is that part of infinite 
and immoveable fpace which a body poflefles. And 

Relative^ or Stcom/ary El ACE, is the fpace it poflbfTci 
confidered with regard to other adjacent objedls. 

Jlr. Clark adds another kind of Relative Place, which 
he calls Rilativily Common Place ; and defines It, that 
part of any movcablc or meafurablc fpace which a body 
poffen'es ; which Place moves together with the body. 

Place, Mr. Locke obfervts, is fometimes likewife 
taken for that portion of infinite fpace poflefled by tlic 
material world ; though this, he adds, were more pio- 
pcrly called extenfion. The proper idea of Place, ac- 
cording to him, is the relative polition of any thing, 
with regard to its diflance from certain fixed points; 
whence It is faid a thing has or has not changed Place, 
when its diflance is' or is not altered with refped to 
thofc bodies. 

Place, in Optics, or Optical Vi Act f 'is the point 
to which the eye refeis an objeeff. 

Optic Place of a liar, is a point in the furface of the 
mundane fphere in which a fpedlstor fees the centre 
the flar, &c.— This is divided into True and Appa- 
rent. 

or Real Optic Place, is that ])oint of the furface 
of the i^phere, where a fpe<5lator at the ccntic of the 
earth would fee the flar, &c. 

Apparent f or yifible Optic Place, is that point of the 
furface of the fphere, where a fpctialor at the furface 
of the earth fees the flar, Sic. 

The diflance between thefe two optic Places makes 
what is called the Parallax. 

Place of the Suuy or Moon^ or S'/ar, or Planet ^ in 
Aftronoiny, Amply denotes the fign and degree of the 
zodiac which the luminary is in ; and is ufually ex- 
prefled cither by its latitude and longitude, or by its 
right afeenfion and declination. 

Place of Radiation^ in Optics, ii the interval or 
fpace in a medium, or tranfparent body, through which 
any vifible objedt radiates. 

PtACE^in Geometry, ufually called Loctis^ is a line 
ufed in the folution o.f problems, being that in which the 
'determination of every cafe of the problem lies. See 
Locus, Plants Simple, Solid, &c. 

Place,, in War aud Fortification, a general name 
for all kinds of fortreffes, where a party may defend 
themfclves. 

Place of Ams, a ftrong part where the arms Sec 
are depoficed, and where ufually the foldiers afTcmblc 
and arc drawn up. 

PLAFOND, dr PlatfohDi iir ArchitcAurc, the 
cleling of a room. 

PLAIN 5cc« Sec Plani. 
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PLAN, a reprcfcntation of fometKIng, di-awn on a 
planct Such as maps, charts, and ichnogrophics. 

Plan, in Architcfturc, ii particularly ufed for a 
draught of a building ; fucl;i as it appears, or is in- 
tended to appear, on the ground ; (hewing the extent, 
divilion, and diftribution of its area into apartments, 
rooms, paffages, See, It is alfo called the Ground 
Plot, Platform, and Ichnography of the building ; 
and is ihe firft device or (hetth the architect makes. 

Geometrical Plan, is that in which the folid and va- 
cant parts are reprefented in their natural proportion. 

Ratfed Plan, is that where the elevation, or upright, 
is fhewn upon the geometrical Plan, fo as to hide the 
dilliibution, 

P^’/^r/ 7 /WpLAN, is that which is eondiuf^cd and ex- 
hibited by degradatioiib, or diminutions, according to 
the rules of Perfpe(f^ive, 

PLANE, or Plain, in Geometry, denotes a Plane 
ligure, or a furfact lying evenly between its bounding 
hues. Euclid. 

Some define a Plane, a furface, from every point of 
whofe perimeter a right line may be drawn to every 
other point in the fame, and always coinciding with it. 

As the right line is the niortell extent from one 
point to another, fo is a Plane the fliortell extenlion 
hclwecn one line and another. 

Planes arc much ufed in Aftronomy, conic fec- 
tions, fphcrics, &c, for imaginary furfaces, fuppofed 
to cut and^afs through folid bodies. 

When a Plane cuts a cone parallel to one fide, it 
makes a parabola ; when it cuts the cone obliquely, an 
ellipfc or hyperbola j and when parallel to its bafe, a 
ciicle. Every fe^Iion of a fpherc is a circle. 

The fphere is wliolly explained by Planes, conceived 
to cut the celcllial bodies, and to fill the areas or cir- 
cumferences of the orbits. They arc diffci;^ntly in- 
clined to each other ; and by us the inhabitants of the 
earth, the Plane of whofe orbit is the Plane of the 
ecliptic, their inclination is eftimated with regard to 
this Plane. 

Plane Btal^ is the furface on which a dial is fup- 
pofed to be deferibed. 

Plane, in Mechanics. A Horixontal Plane, is a 
Plane that is level, or parallel to the horizon. 

Plane, is one that makes an oblique angle 
with a horizontal Plane. 

1 he dodlrinc of the motion of bodies on Inclined 
Planes, makes a very confidcrablc ai tide in mechanics, 
and has been fully explained under the articles, Me- 
chanical Powers^ and Inclined Plane, 

Plane of Gravity, or Gravitation, is a Plane fup- 
pofed to pafs through the centre of gravity of the bo- 
dy, and in the direSion of its tendency ; that is, per- 
pendicular to the horizon. 

Plane of RejicRion, in Catoptrics, is a Plane which 
pafTcs through the point of refiedion ; and isperpendi- 

ar tothc Plane of the glafs, or rcflcding body. 

^ Plane of Ref ration, is a Plane pafling through the 
incident and refradrd ray. 

^^fpfOive Plane, is a Plane tranfparent furface, 
lifually perpendicular to the horizon, and placed bc- 
fpc6Utor^8 eye and thcobjed he views; through 
th optic rays, emitted from the fcveral points of 

'heobjeft, arc fuppofed to pafs to the eye, and intbeir 


paflage to leave marks that reprefent them on the f.iid 
Plane. — Some c.i'l this thc-Table, or Pidure, hccauic 
the draught or Perfpedive of the ohjed is fuppofed 
td be upon it. Others call it the Sedion, fiom its 
cutting the vifual rays ; and others again the Glals, 
from its fuppofed tranlparency. 

Geometrical^^ in Perlpedivo, is a Plane parallel 
to the horizon, upon which the objed is fuppofed to be 
placed tliat is to he drawn. 

Horizontal Vi. \sK, in Perfpedlve, is a Plane p.ifTmg 
through the fpedator's eye, paiallcl to tlic , hori- 
zon. 

/'erZ/W Pla NK, in Pcrfpcdive, is a Plane palling 
through the fpedator’s eye, perpendicular to the geo* 
metrical Plane, and ufually at right angles to tlia per- 
fpodive Plane, 

ObjeRive Plane, In Perfpedive, Is any Pl.mo lilnate 
in the hoiizontnl Plane, of which the reprclVntatiou ia 
pcilpedUve 13 rcquiied. 

Plank of the Horopter, in Optics, is a Plane pafilng 
through the horopter AB, and perpendicular fo a 
Plane pafTmg through the two optic axes CH and Cl. 
Sec the fig. to the article HoRorrER, 

Plane of the Projedion, is the Plane upon which the 
fphere is projeded. 

Plane Hn^le, is an angle contained under two lines 
or furfaces. — ft is fo called in contradiftindion to a fo- 
lid angle, w'hich is formed by three or more Planes. 

Plane Triangle, is a triangle formed by three right 
lines; in oppofition to a fphcrical and a mixt tri- 
angle. 

Plank Trigonometry is the tlodrinc of Plane trian* 
gles, their mcafurcs, proportions, &c. See Trigo- 
nometry. 

Plane Glafs, or Mirror, in Optics, is a glafs or 
mirror having a flat or even furface. 

Plane Chart, in Navigation, is a fea-chart, having 
the meridians and parallels reprefented hy parallel 
ftraight line-,; and confcquently having the degrees of 
longitude the fame in every part. See Chart, 

Hvmhcr, is that which may he produced hy 
the multiplication of two numbers the one by the other. 
Thus, 6 Is a plane number, being produced by the 
multiplication of the tw'o numbers 2 and 3 ; alfo 15 is 
a Plane number, being ptoduced by the multiplication 
of the numbers 3 and 5. See Number. 

Plane Place, J.octis Planus, or Locus ad Planum, is 
a term ufed by the ancient geometricians, for a geo- 
metrical locus, when it w^as a right line or a v.irclc, in 
oppofition to a folid place, wliicli was one of the conic 
fc^tions. 

Tbefc Plane Loci arc difh'nguiflied by the Moderns 
into Loci ad Redtiim, and Loci ad Circulum. bee Lo- 
cus. 

Plane Problem, is hich a one as cannot be rtfolvcd 
gcomctr’^''ally, but by the intcife(flion cither of a light 
fine and 1 circle, or of the ciicumfeiences of two circles. 
Such as this problem following : viz. Given the hypo- 
thenufe, and the fum of the other two fides, of a right- 
angled triangle ; to find the triangle. Or this: Of 
four given lines to foim a trapezium of a given area. 

'Plane Sailing, in Navigation, it the art of work- 
ing the fcveral cafe.s and varieties in a Blip’s motion on 
a Plane chart; or of uavigatinga (hip upon principles 

li h a deduced 
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deduced frem the notion of the earth’s being an ex- 
tended Plane. . « r ir 1 

This principle, though notonoufly falfe, yet places 
being laid down accordingly, and along voyage broken 
into many fiiort ones, the voyage may be performed 
tolerably well by it, cfpccIaUy near the fame meridian. 

I III Piain Sailing It is fuppofed that ^fe three, tlie 
ihiimh line, the meridian, and parallel ol latitude, will 
alv ays form a right-angled tiiangle ; and fo pofite^d, as 
that the peipenchcular fide will reprefent part of the 
meridiar., or noith and foulh line, containing the dif- 
ference of latitude ; the bafe of the triangle, the depar- 
ture, .or ead-and wed line ; and the hypothenufe the 
didauec failed. The angle at the vertex is the courfe ; 
and the angle at the bafe, the complement of the 
coiiifc; any two of wlilch, befuks the right angle, 
being given, ihc tiiangle may be protiaCled, and the 
other tlircc pails found. 

For the (hxiti inc of Plane Sailing, fco Sailing. 
Plank Sca/r, is a thin ruler, upon which arc gra- 
duated the hues of choids, liues, tangents, fccants, 
leagues, rhumbs, ; being of great ufe in mod paits 
of the malbemaiit- s, but elpcci<dly in navigation. See 
its deferiptiou and life under ScALF. 

Pi,ANK Tdl'Iff ail indrument much ufed in laiul- 
furveying j by vsliieli the diaught, 01 plan, is taken 
upon the fpot, as flic fuivey or meufurement goes on, 
without any future piotraCdion, or plotting. 

This indrument conlills of a Plane rtaangular board, 
of any eonvenient fizo, the centre of which, when 
ufed, is- fixed by means of ferews to a three-legged 
iUnd, having a ball and focket, or univcrfal joint, at 
the top, by means of w’hich, when the legs are fixed 
on the ground, the table is inclined in any diredion. 
To the table belongs, 

1, A frame of wood, made to fit round its edges, 
for thepurpofc of fixing a fiieet of paper upon the 
tabic. The one fide of this frame is ulually divided 
into equal parts, by which to draw lines acrofs the ta- 
ble, parallel or perpendicular to the fidcs ; and the 
other fide of the frame is divided into 360 degrees, from 
a centre which Is in the middle ot the table ; by means 
of which the table is to be ufed as a theodolite, &c. 

2, A magnetic needle and compafs fcicwed into the 

fide of the table, to point out directions and be a check 
upon the fights# ^ ^ , 

3, An index, which is a brafs tw'o foot fcale, either 
vs’iih a fmall tclcfcopc, or open fights ereded perpendi- 
cularly upon the ends. Thcfc fights and the fiducial 
edge of the index are parallel, or in the fame Plane. 

General Ufe of the Vlahi Talk, 

To ufc this inftrument properly, take a (beet of 
writing or drawing paper, and wet it to make it ex- 
pand ; then fpread it flat upon the table, preflin^ down 
the frame upon the edges, to ilretch it, and keep it fixed 
there i and when the paper is become dry*, it wdll, by 
Shrinking again, ftrctch itfclf fmooth and flat from any 
cramps or unevennefs. Upon this paper is to be drawn 
the plan or form of the thing meafured# 

The general ufc of this inltrument, in land-furvcying, 
U'to begin by fetting up the tabic at any part of the 
ground you think the moft proper, and make a point 
upon a convenient part of the paper or tabici to repre- 


fent that point of the ground; then fix in that point of 
the paper one leg of the compaffes, or a fine Heel pin, 
and apply to it the fiducial edge of the index, moving 
it round the table, clofe by the pin, till through ilie 
fights you perceive fome point dcfired, or remarkable 
obje£l, as the corner of a field, or a picket fet up, &c ; 
and from ihc (lation point draw a diy or obfeure Hue 
along the fiducial eJge of the index. Then turn tlie 
index to another objtft, and draw aline on the pr.pir to- 
wards it. Do the fame by another ; and fo on till as many 
obje^lsare fet as may be thought necellary. fhen mca- 
fure from your (lation towards as many of the objc<I:^s ns 
may he neceffary, and uo more, taking the lequilitcolF- 
fetsto corners or crooks In the hedges, } la)ing the 
mcafiired diilances, from a proper fcale, down upon tiu* 
rcfptdixe lines cm the paper. Then move the tabic to 
any ot the proper pi ices rncafured to, for a fccond fia- 
lion, fixing it there ill the original polition, turning it 
about its centre for that piirp*dc, both till tlie magnetic 
needle point to the fame degree of the e unpafsas at fii 1), 
and alfo b) laying the fiducial edge of the index along the 
line between the two (lations, and turning the table till 
through the invlcx the fornier (lation can be ken; ai.d 
then fix tile table there; from this new llalion rejrcat 
the fame operations as at the former ; fetting ievcral ob- 
jefls, that is, drawing lines towaids them, on thepapu, 
by the edge o( the index, meafiiring and laying ofltlie 
diftances. And llius p'roeecd from llation to ilation ; 
meafiiring csly fucli lines as arc nectfiaryf and deter- 
mining as many as you can by inteiledUng lines of di- 
icftion drawn kum difTcieat (lations, 

0 / Shlftw^ the Palmer on the Plane Table, When 
one paper is full of tin* lines &c meafured, and the fui- 
vey is not yet completed ; draw a line in any manner 
through the farthell i)oint of the lalt fiatiou line 13 
which the w’ork can be conveniently laid down; then 
take the (beet off the table, and fix another fair (lieet ni 
its place, drawing a line upon it, in a part of it the moil 
convenient for the rell of the work, to reprefent tlu; 
line drawn at the end of the work on the former paper. 
Then fold or cut the old fiicct by the line drawn upon 
it ; apply it fo to the line on the new^ (beet, and, as 
they lie together in that poiition, continue or produce 
the la(l (lation line of the old flieet upon the new one ; 
and place upon it the remamder of the meafurtment of 
that line, beginning at where the work left off on the 
old (beet. And fo on, from one (licet to another, till 
the whole work is completed.^ 

But it is to be noted, that if the faid joining lines, 
upon the old and new (beet, have not the fame inclina^ 
lion to the fide of tlie table, the needle will not refpe6l 
or point to the original degree of the comp^ifs, when the 
table is redlified. But if the needle be required to re- 
fped flill the fame degree of the compafs, the eafieft way 
then of drawing the lines in the lame pofition, is to 
draw them both parallel to the fame fidcs of the table, 
by means of the equal parallel divilions marked on the 
other two fidcs of the frame. 

When the work of furveying is done, and you would , 
fallen all the (beets together into one piece, or rough 
plan, the aforefaid lines are to be accurately joined toge- 
ther, in the fame manner as when the lines were tranf- 
ferr^ from^thc old (beets to the new ones. 

See. more fufl dircdlioas for the ufc of the Plane 

Table,. 
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Table, illuftratcd with various examples, in my Trea- 
li}c on M'jnfuration, 2d edit. pa. 509 &c. 

planet,, literally a wanderer, or a wandering 
ll.ir, in oppoiition to a ft a r, properly fo called, which 
lemalns fixed. It isacdcftial body, revolving around 
the fun, or fome other planet, as a centre, or at leall 
lis a locus, and wlih a moderate degree of exccntrlcity, 
fo tliat it never is fo much farther from the fun at one 
iMiu* than at another, but that it can be feeii as well 
fiorn one part of its orbit as another ; as ddlinguiOicd 
from the comets, which on the fartheft part of their 
luicdory go off to filch vaft dillanccs, as to remain a 
long invifible. 

1 he Planets arc ufually diftlnguiflied into Pilniary 

and ^L■Londary. 

Primary Planfts, called alfo fimply Planets, «aic 
tin fe v-liieh move round the fun, as their centre, or fo- 
ci s ('f their orbit. Sncli as Mercury, Ventrs, the 
liarth, Mars, Jupiter, Saturn, the Georgiipi or IIci- 
fjhJ, and perhaps others. And the 

S.^flV(^^lry PLAN’his, are fuch as move round fonre 
piirnmy one, as their centre, in the fame manner as the 
{ imary ones do about the Inn. Such as the moon, 
> hicli moves r ound the cnr-tlr, as a fccondary ; and the 
[upitcr, Satui-n, and Gcor'gian, have each fcvcral 
le-'^ndary Planets, or moons, moving round them. 

'Till very lately the number of the primary Plarrcts 
V.13 c-lleemcd only lix,wlrlch it was tirought conllitntcd 
the whole number of them in tire folar fyftem ; vi/, 
Me I Lill y, Venus, the Earth, Mars, Jupiter, and Sa- 
turn ; all of which it appears were known totheaftro- 
rorners of all ages, who never dreamt of an iucrcafe to 
thrir number. 13 ut a feventh has been lately difeovered, 
l\ Dr. flcrfchcl, viz, on March the 13th, r/Si, lying 
}x\(jnd all the reft, and now called the Georgian, or 
lleifcliel : and polTibly others may ftill remain uiidifco- 
ur. d to this day, * 

The primary Planets are again diftinguifticd into 
Superior and Inferior. 

'Phe Subci lor Planets are thofe that are above the 
earih, or farther from the fun than the earth is ; as, 
Mats, Jupiter, Saturn, and the Georgian, or HerfchcL 
And 

The Infeilor Planets 'arc thofe that are below the 
earth, or that arc nearer the fun than the earth is; 
\\liicli are Venus and Mercury. 

The Planets were reprefented by the fame characters 
a-uhe chemifts ufe to reprefent their metals by, on ac* 
count of fomc fuppofed analogy between thofe celcftial 
and the fubterrancous bodies. I hiis, 

Mercury, the meffenger of the Gods, reprefented by 
^ » the fame as that metal, imitating a man with wings 
on his head and feet, is a fmall bright planet, with a 
light tindtof blue, the fun's conftant attendant, from 
'^hufe fide it never departs above 2B°, and by that 
means is ufually hid in his fplendor. It performs its 
eoiitfe around him in about 3 months. 

Venus, the goddefs of love, marked $ , from the 
nguicof a woman, the fame as denotes copper, from a 
bight tinge of that colour, or verging to a light draw 
Colour. She is a very bright Planet, revolving next 
above Mercury, and never appears above 4b degrees 
the fun, finiihing her courfc about him in about 
It'ea months. When this Planet goes before the fun, 


or is a morning ftar, it lias been called Phofphorus# 
and alfo Lucihr; and when following him, or when it 
fhines in the evening as an evening ftar, it is called Hef- 
perus. 

Tellus, the Earth, next above Venus, is denoted by 
0, and performs its comic about the fun in the fpacc 
ot a year. 

Mars, ilie god of war, clnradlcrized ^ , a man 
holding out a Ipcar, tlir fame as iron, is a ruddy fiery- 
coloured Planet, and fiuiihes hib courle about the fun in 
about 2 years. 

Jupiter, the chief god, or tliundcrcr, marked , 
to reprefent tlic ihundcibolt.>, dcuotiii^ the faine as tin> 
from his pure wliite ' bi’ghtncfii. This Planet is next 
above Mars, and eomphtcb its courfe lound the fun in 
about I 2 ) cars, 

Saturn, thefaibcrof the Gods, is cxpiefTcd by , 
to imitate an old nuu fupportiiig hinifclf with a ftafF, 
and IS the lame as dt notes lead, from his feeble light 
and duiky colour, lie revolves next above Jupiter, 
and performs hiscourfe in about 30 years, 

Laftly, the Georgian, or tierfchcl, is- denoted by y , 
the initial of Ins name, with a crofs for the chiiftian 
Planet, or tint difeovered by the chi illians. 'This is 
tlie higheft, or outermoft, of the known Planets, and 
icvolves around the (un in thefpace of about 90 years. 

From thtfo th feriptions a perfon may caflly clillin- 
guifh all the Planets, except the laft, which requires the 
aid of a tclefcope. For if after fun-fet he fees a Planet 
nearer the eaft than the weft, he may conclude it 11 
neither Venus nor Mercury; and he may dwtLi mine 
whether it is Saturn, Jupiter, or Mats, by the colour, 
light, and magnitude : by which alfo • he may diftin- 
guifli between Venus and Mercury, 

^ It is probable that all the l^ancts arc dark opake bo- 
dies, fimikir to the caith, and for the following rcafons. 

I. Bccaufe, in Mercury, Venus, and Mars, only 
that part of the diftc is found to fhinc which is illumi- 
nated by the fun; and again, Venus and Mercury, 
when between the fun and the earth, appear like ma- 
cule or dark fpots on the fun’s face: from wliieh it is 
evident, that thofe three Planets are opake botlics, il- 
luminated by the borrowed light of the fun. And the 
fame appears of Jupiter, from his being void of light 
in that part to w’hich the ftiadow of his fatcllitcs reachcR 
as wtII as in tliat part turned from the fun; and 
that his fatellites are opalie, and icfletl the fun’s 
light, like the moon, is abundantly ftiewn. Moreover, 
fince Saturn, with his ring and fatellites, and alfo 
Hcrfchcl, with his fatellites, only yield a flint light, 
confiderably fainter than that of the rcilof the Planets, 
and than that of the fixed ftars, though thefe be vaftly 
more remote; it is pad a doubt that ihefe Planets too,, 
with their attendants, are opake bodies. 

2. Since the fun’s light is not tranfmitted through 
Mercury or Venus, when placed aijaiiift him, It in plain 
they arc denfe opake bodies ; which is likewife evident 
of Jupiter, from his hiding the fatellites in his fha- 
dow; and therefore, by analogy, the fame may be- 
concluded of Saturn and Hcrfchel. 

3. From the variable fpots of Venus, Mars, and Jupi- 
ter, it is evident that thefe Planets have a changeable 
atmofphere ; which fort of atmofpherc may, by alike 
argiuneot, be inferred of tire fatclliu# of Jupiter; and- 

tliCicforc„ 



P L A 

O^crcfore, by fitnilltudc, the fame may be concluded of 
the other Planets. 

4* In like manner, from the mountains obfervcd in 
the moon and Vtnua, the fame may be fuppofcd in the 
other Planets. 

Lallly, fince all thefe Planets arc opake bodies, 
fhinlng witli the luiPs borrowed light, are furniftied 
with mountains, and arc encompafled With a changeable 
atmofphere ; they eonfcqnently have waters, feas &c, 
as well as dry land, and arc bodits like the moon, and 
therefore like the eaitli. And hence, it feems alfo 
probable, that tlie other Planets have their animal inha- 
bitants, as well as our earth has. 

Of the Orbits of the Planets. 

Though all the primary Planets revolve about the 
fun, their orbits are not circles, but ellipfea, having the 
fun in one of the foci. This circumllance was lirft 
found out by Kepler, from the obfervations of Tycho 
Prahe : before th<it, all adronorners took the planetary 
fcibits for eccentric circles. 

The Planes of thefe orbits do all inUifcft in the fun ; 
and the line in which the plane of each orbit cuts that 
of the caith, is called the Line of the nodes ; and the 
two points in which the orbits themfehea touch that 
plane, arc tlic Nodes ; alfo the angle in which each 
plane cuts that of the ecliptic, is called the Inclination 
of the jdane oroihlt. — 'Pho diilance bctw»’en the centre 
of theiuu.and the centre of each orbit, is called the ex- 
oentiicity of the Planet, or ofilsoibit. 

The Motions of the Planets. 

The motions of the primary Planets arc very fimplc, 
and tolerably uniform, as being compounded only of a 
piojedile motion, forward in a right line, which is a 
tangent to the orbit, and a gravitation towards the fun at 
the centre. Befides, being at fuch vad diftances from 
eacH-Other, tlic effects of their mutual gravitation to- 
w'urds one another are in a con (iderable degree, though 
not altogether, infenfible ; for the a<iIion ofjupiter upon 
Sutuin, for ex. is found to be of the adion of the 
fun upon Saturn, by comparing the matter of Jupiter 
with that of the fun, and the fquarc of the diftance of 
each fiom ‘Jaturn. 80 that the elliptic orbit of Saturn 
will be found more jull, if its focus be fuppofed not in 
the (.entre of the Inn, but in the common centre of 
gravity of the fun and Jupiter, or rather in the common 
centre of gravity of the fun and all the Planets below 
Satuin. And in like manner, the elliptic oibit of any 
other Planet will be found more accurate, by fuppofing 
its focus to be in the common centre of gravity of the 
fun and all the Planets that are below it. But the 
matter is far oiherwifc, in refped of the fccondary Pla- 
/ nets : for every one of thefe, though it chiefly gravitates 
towards its refpedive primary one, as its centre, yet 
at equal ddlanccs from the fun, it is alfo attraded to- 
wards him with an equally accelerated gravity, as the pri- 
mary one is towards him ; but at a greater diftance with 
lefs, and at a nearer diftance with greater : from which 
double tendency towards the fun, and towards their own 

J primary Planets, it luppens, that the motion of the 
atcUitci, or fccondary Planets, comes to be very much 
compounded, and afteded with various inequalities. 
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The motions even of the primary Planets, in their 
elliptic orbits, are not equable, becaufe the fun is not in 
their centre, hut their focus. Hence they move ; fomc- 
times fafter, and fometimes flower, as they are nearer 
to or farther from the fiin j but yet thefe irrcgularitic'i 
arc all certain, and follow according to an immutable 
law. Thus, the ellipfis PEA 
&c reprefenting the orbit of a 
Planet, and the focus S the 
fun’s place : the axis of the 
tdlipfe AP, is the line of the 
aples ; tlic point A, the higher 
apfis or aphelion; P the lower 
apfis or perihelion ; CS the 
eccentricity ; and KS the Pla- 
net’s mean diftance from tlie 
fun. Now the motion of the 
Planet in its perihelion P is 
fwifteft, but in its aphelion A 
it is floweft ; and at E the mo- 
tion as well as the diftance is a 
mean, being there fuch as would deferibe the whole or- 
bit in the fame time it is really deferibed In. And the 
law by which the motion in every point is regulated, is 
this, that a line or ladins drawn fiom the centre of the* 
fun to the centre of the Planet, and thus cariied along 
with an angular motion, does always defciibean elliptic 
area proportional to the time ; that is, the trilineal area 
ASB, ibto the area A8(L as the time the Planet is in 
moving over AB, to the time it is in movingover AG. 
This law was flrft found out by Kepler, from obferva* 
tions; and has fince been accounted for and demon- 
llrated by Sir Ifaac Newton, from the general laws of 
attradion and projedilc motion. 

As to the periods and velocities of the Planets, or 
the times in which they perform their courfes, they 
are found to have a wonderful harmony with their dil- 
tanccs from the fun, and with one another : the nearer 
each Planet being to the fun, the quicker ftlll is its mo’ 
tion, audits period the fliorter, according to this gene- 
ral and regular law; viz, that the fquares of their pe- 
riodical times are as the cubes of their mean diftances 
from the fun or focus of their orbits. The knowledge of 
this law w’e owe alfo to the fagacity of Kepler, wire found 
that it obtained in all the primary Planets ; as aftrono- 
mers have fince found it alfo to hold ^ood in the fccon- 
dary ones, Kepler indeed deduced this law merely fiom 
obfervation, by acomparifon of the feveral diftances of 
the Planets with their periods or times ; the glory of 
inveftigating it from phyfical principles is due to Sir 
Ifaac Newton, who has demonftrated that, in the pre- 
fent ftate of nature, fuch a law was inevitable. 

The phenpmena of the Planets arc, their Conjunc- 
tions, Oppofitions, Elongations, Stations, Retrograda- 
tlons, Phafes, and Eclipfts ; for which fee the refpfc- 
tlve articles. 

For a view of the comparative magnitudes of the 
Planets ; and for a view of their feveral diftances, bec ; 
Tee the articles Orbit and Solar System, as alfo Plate 
xxi, fig. I. 

The following Table contains a fynopfisof the ou- 
tances, magnitudes, periods, of the levcral Planets, 
according to the kteft obfemtions and improve- 
menti. 
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Tabli of the Planstary Motions, Distances, &o. 
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- A^lanet’3 moti'o!!, OT diflance from its apogee, is 
called the mean anomaly of thcTknet, and ismeafured 
by the area it dcfeiihcs in the given time: when die 
Planet arrives at the middle of its orbit, or the point- 
the area or time is called the true anomaly. When 
the Planet’s motion js reckoned from the fir/l point of 
Aries, it k called its motion in longitude ; which is ei- 
ther mean or true ; viz, mean, which is fuch as it would 
have were it to move uniformly in a circle ; and true, 
which is that with whicli the Planet a^lually ilefcribcs 
its orbit, and ia meafured by the arc of the ecliptic it 
deferibes. And hence may be found the Planet's place 
■in its oibit for any given time after it has left the aphe- 
lion : for fujipofe the aiea of the ollipfis be fo divided 
by the line b(r, tliat the whole elliptic area may have 
tiie fame proportion to the part ASG, as tlie whole pe- 
liodlcaltimc in which the PLnitt dclcrdiei its Avludc or- 
bit, has to the given lime ; tlicn will G be the Planet’s 
place in its orbit fought. 

PLANE'PA RilJM, an aflronomlcnl matliine, con- 
tiived to rcprefeni the motions, 01 bits, S:c, of the 
p’auctF, as lliey really are in nature, or accotdiug to 
the Copernlejn fjlUm. 'Phe laiger'^brt of them aic 
caHcd Orreries. See Orrery. 

A very remarkable machine of this fort was invented 
by Huygens, and deferibed in his Opulc. Puilh. tom. 
2, p. J57, edit. Amll. 1728. And it is Hill prefer ved 
uinoiig the ciuiofiticsof the univcrfily at Leyden. 

In this Planetarium, the five primary planets perfoi-m 
tlieii rcvolutioiiJ about the fun, and the moon pei forms 
Ivor revolution about the earth, in the fame time tliat 
tliey are really pti formed in the heavens. Alfo the 
orbits of the moon and planets are reprefented wdth 
their true propoitions, eccentricity, pofition, and de- 
clination from the ecliptic or orbit of the earth. So 
that by this machine the fituation of the planets, with 
the conj unilions, oppolitions, See, may be known, not 
4 )niy for the prefent time, but for any other time cither 
pail or yet to come ; as in a perpetual ephemeris. 

There was exhibited in l.ondon, viz. in the year 
1791, a Hill much more complete Planetarlimi of this 
fort ; called “ a Planetarium or ailronomical machine, 
which exhibits the moll remarkable phenomcm, mo- 
tions, and revolutions of the univerfe. Invented, and 
partly executed, by the celebrated M. Phil. Matthew 
Hahn, member of the academy of fcierccs at Erfurt. 
But fmiihed and completed by Mr. Albert dc Myllus.” 
This is a moH llupcndoiis and elaborate machine ; con- 
fiding of the folar fyllem in general, with all the orbits 
tind planets in their due proportions and pofitions; as 
alfo the fevcral particular planetary fydems of fuch as 
have fatcllitcs, as of the earth, Jupiter, &c ; the whole 
kept in continual motion by a chronometer, or grand 
eight 'day clock ; by whirdi all thefe fydems are made 
perpetually to perform all their motions cxadly as in 
nature, exhibiting at all times the true and real motions, 
pofitions, afpc^ls, phenomena, &c, of all the celeftial 
bodies, even to the very diurnal rotation of the planets, 
and the unequal motions in their elliptic orbits. .A 
defeription was published of this rnioft fuperb tnachiilc ; 
and it was pna'hafed and fent as one of the prefentfl to 
fhe emperor of China, in the enabafly of Lord Macart- 
ney, in the year 1793. 

But the Plauctariuois or orreries now moll commonly 


iifcd, do not rq>refent the true times of the ecleflial 
motions, hut only their proportions j and arc not kept 
in continual motion by a clock; but arc only tumd 
round occalionalJy with the hand, to help to give yomi^ 
beginners an idea only of the planetary fydem j as .ilri’ 
if conllruAed with fufficient accuracy, to refolvc pro- 
bltms, in a coarfe w'ay, relating to tne motions of the 
planets, and of the earth and moon, &c. 

Dr. Defagnliers (Exp. Philof. vol. r, p. 43C9,) do- 
feribes a Planetarium of his own contrivance, which 
one of the bed of the common fort. The machine is 
c<mtiivcd to be re6lificd or fet to any latitude ; and 
then by turning the handle of the Planetarium, all ilic 
planets perform their revolutions round the fun in jno- 
portion to their peiiodical times, and they carry iiuliu'? 
which (hew the longitudes of the 'planets, by pointin;^ 
to the divilions graduated on circles for that puipofe. 

The Planetarium reprefented in fig, i, plate xxli. 
is an indrument contrived by Mr. Wm. Jones, of Ho!, 
born, London, mathematical indrument maker, who 
has paid confiderable attention to fuch m.-ichincs ta 
bring them to a great degree of fimplicity and peifa- 
tion. It reprefents in a general manner, by v.^uon, 
paits of Its machinery^ all the motions and pbenonui'a 
of the planetary fydem. . This machine confift'? of, thv 
Sun in the centre, with the Planets in the order of ihui 
dldancc from him, vi/. Mi vury, Venus, the Kaiih 
and Moon, Mars, Jupiter with liis moons, and S.inini 
wnth his ring and moons ; and to it is alfo occafion.-lly 
applied an extra long arm for the Georgian Planet an 1 
his two moons. To the earth and moon is applied i 
frame CD, containing only four wheels andtw^o pinion;, 
which ferve to preferve the earth's axis in its due pj- 
rallelifm in Its motion round tlie fun, and to give the 
moon at the fame time lier due revolution about ih.c 
earth, Thefc wheels arc connefted with the wheel- 
W'ovk in the round box below, and the whole is fit m 
motion by the winch H. The arm M that carritn 
round the moon, points out on the plate C her age and 
phafes for any fituation in her orbit, upon which they 
are engraved. In like manner the arm points out her 
place in-thc ecliptic B, in figns and degrees, called lur 
geocentric place, that is, as feen from the earths Tiic 
moon’s orbit is reprefented by the flat rim A ; the two 
joints of it, upon which it turns, denoting her node''- ; 
and the orbit being made to incline to any rcfjuiied 
angle. The terrclla, or little earth, of this machine, is 
nfually made of a three inch globe papered, kc, foi 
the purpofe; and by means of the terminating uiic 
that goes over it, points out the changes of the feafuns 
and the different lengths of days and nights more cen- 
fplcuoufly. By this machine are feen at once all the 
Planets in motion about the Sun, with the fame refpcc- 
tivc velocities and periods Of revolution which they have 
in the heavens ; the ^^hcclwork being calculated to a 
nainutc pf time, from the lateft difeovefies.* See Mr. 
Jones’s pefcription of his new portable Orrery. 

PLAiNETARV, !fomeihing that relates to the 
planets. ; Thus, we fay Planetary worlds, Planetary 
inhabitaints, Pknetai*y motions, kc. Huygens opo 
F ontcncllc bring feveral probable arguments for the 
' reality ofTlaficWry \Vb‘flds> ariiniialiApTants, men, kc. ^ 

Planetary is the fyllem oralTcmblage 

the Planets, primary and fccondary, moving in rlit-r 

refpe^ti'^ 
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rcrp€Aivtf orbits, round tbcir common centre the fun, 

SccSoiar Sys^tem. 

Planetary Di^s. With the Ancienfs, the week 
was ftiared among the fevcn planets, each planet having 
its daf. This we learn from Dion Caftius and Plu* 
tarch, Sympof. lib. 4. q. 7. Herodotus adds, that it 
was the Egyptians who firft difcovered what god, that 
is what planet, prefides over each day j for that among 
this people the planets were directors. And hence it is, 
that in moft European languages the days of the week 
are dill denominated from the planets ; as Sunday, 
Monday, &c. 

Planetary Dialst are fuch as have the Planetary 
hours infcribcd on th(jm. 

Planetary Hourst arc the 12th parts of the arti- 
ficial day and night. See Planetary Hour. 

Planetary Squares ^ arc the fquarcs of the feven 
numbers from 3 to 9, difpofed magically. Cornelius 
Agrippa, in his book of magic, has given the conftnic- 
tion of the feven Planetary fquares. And -M. Potg- 
narJ, canon of CruflTels, in his trcatife on fublime fquarcs, 
j.Mve3 new, general, and eafy methods, for making the 
Icvtn Planetary fquares, and all othcra to infinity, by 
nutnbers in all forts of progreflions. See Magic fquare. 

Planetary Tearsy the periods of time In which the 
fcveial planets make their revolutions round the fun, or 
tarih.— As fioin the proper revolution of the earth, or 
the apparent revolution of the fun, the folar year takes 
its original ; fo fiom the proper revolutions of the refl 
of the planets about the earth, as many forts of years 
ilo arife ; viz, the Saturnian year, which is defined by 
29 Egyptian years 174 days 58 minutes, eciuivalent in 
a round number to 30 folar yeare. The Jovial year, con- 
taining 1 1 years 317 days 14 hours 59 minutes. The 
Martial year, containing I year 321 days 23 hours 31 
minutes. For Venus and Mercury, as their yc^s, when 
judged of with regard to the earth, are aimed equal to 
the folar year ; they arc more ufually cfilmated from the 
fun, the true centre of their motions : in which cafe the 
lonner is equal to 224 days 16 hours 49 minutes ; and 
the latter to 87 days 23 hours 16 minutes, 

PLANIMETRY, that part of geometry which con- 
fnlcrs lines and plane figures, .without any regard to 
heights or depths. — Planimetry is particularly rekrided 
to the tnenfuratioR of planes and other fui-faces ; as 
contradidingulfhed from Stereometry, or the menfura- 
t«on of fohds, or capacities of length, brcadtli and 
depth. 

Planimetry is performed by means of the fquares of 
long mcafurcs, as ^ fquare inches, fquare feet, fquai e 
yaMa, &c ; that is, by fquares whofc fide is an inch, 
a foot, a yard, &c. So that the area or content of 
any furfacc is faid to be found, when it is known how 
fquare inches, feet, yards, &c> it contains. 
^^nsuration and Surveying. 

^ » LANISPHERE, a projedion of the fphere, and 
Us various circles, on a plane ; as upon paper or the 
' vV’ f«ife» maps of the heavens and the earth, 

exhibiting the nieridiaos and other circles of the fphere, 
*uay be caUed l^mfphercs. 

“lanifphcre is fometimet alfo confidered as an aftro- 
ufed in obfenring the motions of 
fnk bodies ; being a proje^ion of the celcflial 

pwre u^n a plaic, repreienting the ilari, conftcllatioDs, 


^c, in their proper fituation*, dtdances, See. ^s the 
.Adrolabe, which is a common name for all fuch pro- 
JeaioDs. 

In all Phnifphcres, the eye is fuppofed to be in a 
|wint, viewing all the circles of the fphere, and referring 
them to a plane beyond them, againll which the fphere 
IS as it were flattened : and this plane it calico the 
Plane of Projedion, which is always fome one of the 
circles of the fphere itfclf, or parallel to fome one. 

Among the infinite number of Plaiiifpheres which 
may be furnilhcd by the different planes of projedion, 
and the different pofitions of the eye, tlierc are two or 
three that have been preferred to the red. Such as 
that of Ptolomy, where the plane of projedion is pa- 
rallel to the equator : that of Gemma Fiifius, where 
the plane of projedion is the coliire, or folftitial meri- 
dian, and the eye the pole of the meridian, being a 
ftcrcographical projedion : or that of John de Royas, 
a Spaniard, whofe plane of projedion is a meridian, 
and the eye placed in the axis of that meridian, at an 
infinite dilhnee ; being an orthographical projedioni 
and called the Analcmma, 

PLANO-Ci9ffr^lue glafs or lens, is that which is plane 
on one fide, and concave on the other. And 

Plan o-Cozfvritf glafs or lens, is that which is plane 
on one fide, and convex on the other. See Lens. 

PLAT-Band, in Architedure, is any flat fquare 
moulding, whofe height much exceeds its projeaurc* 
Such are the faces of an architrave, and the Plat- 
bands of the modillions of a cornice. 

PI- ATFORM, in Artillery and Gunnery, a fmaH 
elevation, or a floor of wood, Hone, or the like, on 
which cannon, &c, are placed, for more conveniently 
working and firing them. 

Platform, in Architedure, a row of beams that 
fupport the timber-work of a roof, lying on the top of 
the walls, where the entablature ought to be raifed. 
Alfo a kind of flat walk, or plane floor, on the top of « 
building ; from whence a fair view may be taken of the 
ar^acent grounds. So, an edifice is faid to be covered 
with a Platform, when it has no arched roof. 

PLATO, one of the moft celebrated amoiw the 
ancient philofophcrs, being the founder of the fed of 
the Academics, was the fon of Arifio, and born ‘ at 
Athens, about 429 years before Chrift. He was of a 
royal and illuftrious family, being defeended by his fa- 
ther from Codrus, and by his mother from Solon. The 
name given him by his parents was Ar 'tjlocles j but be- 
ing of a robuft make, and remarkably broad-fhouldcred, 
from this circumftancc he was nick-named Plato by hii 
wreftling-maftcr, which name he retained ever after. 

From his infancy, Plato diftingulfhed himfelf by hia 
lively and brilliant imagination. He eagerly imbibed 
the priiicjplci of poctrr, mufic, and painting. The 
charms of philofophy however prevailing, drew him 
from thofc of the fine arts ; and at the age of twenty he 
attached himfelf to Socrates only, who called him tlie 
Sjfan of the Academy. The difciple profited lb well of 
his maftcr's IclTons, that at tw'cnty-fivc years of age he 
had the reputation of a confummate fage. He lived 
with Socrates for eight years, in which time he com- 
mitted to wnting, according to the ctiftom of the 
ftudents, the purport of a great number of his mafter’s 
excellent ledtures, which he digefted by way of philofo- 
^ ^ ^ phica] 
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phic*! conversations; but made fo many juJicjous ad- 
ditiona and improvements of Iris ovvn, that bocrates, 
hearing him one day recite his Lyfis, cnetl out, U 
Hercules 1 how many fine tepttmeuts dop this young 
man aferibe to me, that! never thought ofJ And 
Laertius affuresus, that he oonlpofed (everal difcouifes 
which Socrates liad no .manner of hand in. At 
the time when Socrates was (irft arraigned, Plato was 
a iimior fenator, and he affumed the orator’s chair to 
plead his mailer’s caufe, but was interrupted in that de- 
Ln, and the judges paffed fentence of conocmnation 
upon Socrates. Upon this occafion Plato begged him 
to accept from him a fum of money fufficicnt to pur- 
thafe his enlargement, but Socrates peremptorily rc 
fufed the generous offer, and luffered himlell to be put 

to cleatlu ^ f 

The philofophcra who were at Atliens were io 

alarmed at the death of Socr.ites, that inoft of them 
fled, to avoid the cvuelty and tnjufticc ol the goyern- 
meiit. Plato retired to Megara, wlicrc he was kindly 
entertained hy Euclid the philofopl.cr, who had been 
one of the firil fcholars of Sociates, till ilie ftorm fliould 
be over. Afteiwaids he determined to travel in pur- 
fnit of knowledge i and from Megiira he went to Italy, 
where he conferred with Eurytus, Philolaus, and Aichy- 
• tas. tlie moll celebrated of the Pytliagoreans, from 
whom he learned all his natural philoliiphy, diving 
into the moil profound and myltcnous feevets ot the 
Pvthagoric docliincs. But perceiving other know- 
ledge to be conncfled with them, he went to Cyicne, 
where he lludicd geomcti7 and other branches ot ma- 
thcmatica under Tiicodoiua, a celebrated mailer. 

Hence he travelled into Egypt, to learn the theology 
of their priclls, with the fciences of arithmetic, al re 
pomy, and the nicer parts of geometry. Having taken 
#lfo a fuivcy of the countiy, with the couife of the 
Mile and the canals, he fettled fome tune in the province 
of Sais, leatning of tUefages there their opinions con- 
cerning the univerCc, whether it had a beginning, whe- 
ther it moved wholly or in part, &c i al^o concerning 
the immortality and tranfmigration of fouls : and here 
it is alfo thought he l»d fome communication with the 

books of Mofes. , . » , T, 11 i 

Plato’s curiofity was not yet fatisfied. He tyayeUed 
into I’ertia, to confuU the rargi as to the religion ot 
that country. He dcfigned alfo to have penetrated into 
India, to learn of the Drachmans their manners and 
cuftoms i but was pveyemed by the wars in Aka- 

Afterwards, returning to Athens, he applied bimlclt 
to the teaching of philofopliy, opening his [chool m 
the Academia, a place of cxercife m the fuburbs of the 
cityi from whence it was that his followers took the 

name of Academics. i i r 

Yet fettled as he was, he made fcvcral cxcurlions 
abroad: one in p.articuUr to Sicily, to view tlie fiery 
ebullitions of Mount Etna. Dionyfius the tyrant then 
reigned at Syvacufe ; a very bad man. _PUto however 
went U. vifit him ; but. milead of flatter mg him like a 


however delivered him into the l^ands of an envoy of the 
Lacedemonians, who were then at war with the Athe- 
nians : and tliis envoy, touching upon the coaff of 
A<giDa,t£bld him for a flave to a, merchant of Cyrene ; 
who, as foon as he had bought him, liberated him, and 
fcnt him home to Athens. 

Some time after, he made a fecood voyage into Sicily, 
in the reign of Dlonyfiua the younger ; who fent Dion, 
his mlniller and favourite, to invite him to court, that 
he might learn from him the art of governing his peo- 
pie well. Plato accepted the invitation, and went ; but 
the intimacy between Dion and Plato raifmg jealonfy 
in the tyrant, the former was difgraccd, and the lattei 
fcnt Lack to Athens. But Dion, being, taken into fa- 
vour again, perfuaded Dionylius to recall Plato, wlio 
received him with all the marks ot goodwill and ft lend* 
fliip that a great prince could give. lie fcnt out a hne 
galley to meet him, and went himfclt in a rnagHihceni 
chariot, attended by all his court, to receive him. But 
tin's prince’s uneven temper hurried him into new luU 
picions. It feems indeed that thefe appreheulions weie 
not altogether groundlefs ; for /Elian lays, and Ciaro 
was of the fame opinion, that Plato taught Dion ho.v 
to difpatch the tyianl, and to deliver the people fruo 
opprcinon. However this may be, Plato was oltcnded 
and complained ; and Dionylius, incenfed at tliefe com- 
plaints, refolvcd to put him to death: hut Areh)lAU 
wlio had great intcrell with tlie tyrant, being iiifotmecl 
of it by Dion, interceded for the philofopher, and ob- 

laincd leave for him to ictlrc. 

i he Athenians received him joyfully at bis retuin, 
and offered him the admi nitration of the government ; 
but he declined that honour, choofmg rather to Inc 
quietly in the Academy, in the peaceable contemplation 
and iludy of phllofophy ; being indeed fo defiroiis of a 
private retirement that he never married. His fame 
drew dlfciples from all parts, when he would admit 
them, as well as Invitations to come to refidc in many 
ofthe other Grecian Rates; but the three that molt 
difllnguiflied ihemfcUes, were Spulippus lus nephew, 
who continued the Academy after him, Xenocrates the 
Caledonian, and the celebrated AriRotle, It is fan 
alfo that Theophra^\u^ and Demollhcnes were two oi 
hisdifciples. He had It feems fo great a refpea for 
the feience of geometry and the mathematics, that lie 
had the following Infcrlpiion painted in large letters 
over the door of his academy; Let no one enter 
HERE, UNLESS HE HAS A TASTE FOR GEOMETRY AND 
the Mathematics 1 . -r 

But as his great reputation gained him on the one 
hand many difciplcs and admirers, fo on the other it 
raifed him forae^emulators, cfpecially among his fellow- 
difciples, the foUo'yers of Socrates. Xenoph^ and lie 
were particularly difaffeacd to each other. Plato was 
of fo quiet and even a temper of mind, even in his youin. 
that lie never was known to exprefs a plcafure with any 
greater emotion than that of a fmile ; and he had nc ' 
a perfedf command of his paflions, that nothing con 


peliation ot tne jAivtne jriHtQ, 

uisa ^ O- - . Aiiftomeiict. naturally of a refcrvtd and very penfive difpolmon ; yet. 
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fccnil to Cfadc little Innocent jokes on his intimate ac- 
quaintances* ' Of his afrabilit)r there needs no greater 
proof than his xdvil inanncr of converfing with the 
philofophcrs of his own times, when pride and covy 
were at their height. His beliaviour to Diogenes 4 
always mentioned in his hiftory. This Cynic was 
greatly offended, it feems, at the politenefa and fine 
tattc of Plato, and ufed to catch all opportunities of 
fnarling at him. Dining one day at his table with other 
company, when trampling upon the tapcilry with his 
dirty feet, he uttered this brutilh farcafm, “ I trample 
upon the pride of Plato i** to which the latter wifely 
and calmly replied, with a greater pride.’* 

This extraordinary man, being arrived at 8i years of 
age, died a very eafy and peaccalile death, in the midff 
or an entertainment, according to fome ; but, according 
to Cicero, as he was writing. Both the life and death 
of this philofopher were calm and undifturbed; and in- 
deed he was finely compofed for happinefs. Befide the 
advantages of a noble birth, he had a large and coinpre- 
henfive underllanding, a valKund of wit and good tallc, 
great cvennefs and iWectncfs of temper, all cultivated 
and refined by education and travel ; lb that it is no 
wonder he was honoured by Ins countrymen, efteemed 
!>y fiiangcjs, and adored by his fcholars. Tully per- 
ledly adored him^ he tells us that he wasjullly called 
Ity Pan-ctius, the divine, the moil: wife, the moll facred, 
the Homer of philofophcrs; thinks, that if Jupiter 
had fpoken Greek, he would have done it in Plmto’s 
llyle, (See. But, panegyric afide, Plato was certainly a 
very wondciful man, of a large and comprehenfive mind, 
an imagination infinitely fertile, and of a moll flowing 
and copious eloquence. However, the ftrength and 
heat of fancy prevailing over judgment in his compofi- 
tion, he was too apt to foar beyond the limits of earthly 
tilings, to range in the imaginary regions of geneial 
and abfirafled ideas ; on whicli account, though there is 
always a greatnefs and fublimity in his manner, he did 
not philofopluKe fo much according to truth and nature 
as Arillotle, though Cicero did not fcruple to give him 
the preference. 

The writings of Plato are all in the Vfdy of dialogue, 
where he feems to deliver nothing from himfelf, but 
^very thing as the fentiments and opinions of others, of 
bocrates chiefly, of Timaeus, &c. His ftyle, as Ari- 
fiotlc obferved, is between profe and verfe : on which 
account fome have not fcruplcd to rank him among the 
poets : and indeed, befide the elevation and grandeur of 
his ftyle, his matter is frequently the offspring of ima- 
^^ination, inftead of do6lrincs or truths deduced from 
nat\irc. The firft edition of Plato’s works in Greek, 
was printed by Aldus at Venice in 1513 : but a Latin 
of them by Marfilius Ficiniis had been printed 
there in 1491, They vrerc rcpriirtcd together at Lyons 
tI ^ Franefort in 1 602. The famous printer 

Henry 8tephens,.4a 15^8, gave a beautiful and corrc<Sl 
edition of Plato’s w'orks at Paris, with a new Latin 
verfion by Sernmas, in three volumes folio. 

* FLATONIC, fennething that relates to Plato, his 
fch^l, pbibfophy, opinions, or the like. m 

Platonic fo called from Plato who^ 

treated of them^ irtr what are otherwife called the re- 
^»r bodies. I’Heyaredive in number ; the tetraedron, 
keiieiiroai' the $>6acdroi;i> tlie dodecaedron, and 


the icofaeJron. See each . of thefe article*, ai alfb 
Regular Bodies, 

^ Platonic 2W, or the Grrirf *2bir, is a penod of 
time dctc^iiTcd by the revolution of the equinoxes, or 
the lime in wliich the ftars and coaftellatioils return to 
their former jvlaces, in refped of the equinoxes. 

The Platdnic y^car, according to Tycho Brahe, is 
25816 Polar years, according to RiccioU 25920, and 
according to Caflini 24800 years. 

This period being once accompliflied, it was an opi- 
nion among the ancients, that the world was to begin 
anew, and the fame fcrics of things to return over 
again; 

PLATONISM, the dodrine and fentiments of 
Plato and his followecs, with regard tO'philofophy; tcc. 
His difciplcs were called Academics, fiom Acadeft\ia, 
the name of a villa in the fnburbaof Athens where he 
opened his fchool. Among thefe were XenocrateS, 
Arillotle, Lycurgns, Demofthcncs, and IfocratOs. In 
phyfios, he chiefly folbwcd Heraclitus; in ethics and 
politics, Socrates ; and in metnphyficc, Pythagoras. 

After his death, two of the principal of his difcipleS, 
Xcnocratcs and Arillotle, continuing his office, and 
teaching, the one in the Academy, the other in tlit 
Lyesenm, formed two feds, under different names, 
thougli in other rcfpedls the fame ; the one retaining 
the denomination of Academics, the other alfuming 
that of Peripatetics. See thefe two articles. 

^ Afterwards, about the time of the firft ages of Chrif- 
tianity, the fo’lowers of Plato quitted tlie title of 
Academijlt^ and took that of Platonijls, It is fuppofed 
to have been at Alexandria, m Egypt, that they firft 
affumed this new title, after having reftored the. ancient: 
academy, and re-cftablilhed Plato’s fentiments ; which 
had many of them been gradually dropped and laid 
afide. Porphyry, Plotin, lamblichus, Proclus, and 
•Plutarch, arc thofe who acqiHrcd the chief reputation 
among the Greek PlatonllU ; Apuleiu# and Chalcidius, 
among the Latins ; and Philo Judaeus, among the He- 
brews. The modern Platoniftsown Plotin the founder, 
or at leallthe reformer, of their fcdl. 

The Platonic philofophy appears very con fiflent with 
the Mofaic; and many of the primitive fathers follow 
the opinions of tliat philofopher, as being favourable to 
Chriftianity. Judin is of opinion that there are many 
things in the works of Plato which this philofopher 
could not learn from mere natural rcafon ; but thinks 
he mull have learnt them from the books of Mofes, 
which he might have read when in Egypt. Hence 
Numenius tlic Pytliagorcan cxprefsly calls Plato the 
Atiic Mofisy and upbraids him with plagiarifm ; be- 
caufc he ilolc his doclrine coBcerning 6od and the 
world from the boi^ks of Mofes, Theodoret fays ex- 
prcfsly, that he has nothing good and commendable 
concerning the Deity and his worfliip, but what he 
took fVom the Hebrew theology ; and Clemens Alcr- 
andrinus calls him the IJehrew Philofopher* Gale is 
very particular in his proof of the point, that I^co 
borrowed his phdofophy from the Scriptures, cither 
immediately, or by mra ns of tradition ; and, befide the 
authority of tlte ancient writers, l>c brings fome argu- 
ments from the thing itfclf. For example, Plato’s con- 
feflion, that the Greeks borrowed their knowledge of 
the one infloite God, froniao aacieut people, bkter and * 
i i ^ Jicarsr 
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jMtrer to Cod than they $ by wbkbpeoplci oiir author 
makes no doubt, he meant the from kit account 
of the ftate of innocence ; as, that man was born of the 
earth, that he was naked, that he enjoyed a truly ha^ 
py Hate, that he converf^ with brutes, 6cc. In faa, 
from an examination of all the parts of Plato's phllo- 
Ibphy, phyiical, metaphyfical, and ethical, this author 
iiodl, in every one, evident marks of its facred original* 

As to the manner of the creation, Pkto teaches, that 
the world was made according to a cetuin exemplar, 
or idea, in the divine archited’s mind. And all things 
in the uniyerfe, in like manner, he (Hews, do depend on 
the cfhcacy of internal ideas. This ideal world is thus 
explained by Didymus : * Plato fuppofes certain pat- 
terns, or exemphra, of all feniible things, which he calls 
ideas ; and as there may be various impreiBont taken off 
from the iamc fcal, fo he fays arc there a vaft number 
of natures exilUng from each idea/ I'liis idea he fup- 
pofes to be an eternal eflcnce, and to occafion ilic fcvc- 
ral things in nature to be fuch as itfelf is. And that 
moft beautiful and pevfedt idea, which comprehends all 
the reft, he maintains to be the world. 

Farther, Pkto teaches that the univerfe Is an intelli- 
gent animal, conCfting of a body and a foul, \vhich he 
calls the generaUd God^ by way ol difti nation from what 
he calls the immutaUe ejence^ who was thecaufe of the 
generated 6od, or the univerfe. 

According to Plato, there were two forts of inferior 
and derivative gods; the mundane gods, all of which 
had a temporary generation with the world ; and the 
fupramundane eternal gods, which were all of them, one 
fxcepted, produced from that one, and dependent on It 
as their caufe. Dr, Ciidwovth fays, that Plato afferted 
a plurality of gods, meaning animated or iuteUeflual 
beings, or daemons, fuperier to men, to whom honour 
and worfhip are due ; and applying the appellation to 
the fun, moon, and ftars, and alfo to the earth. He 
aflerts however, at the fame time, that there was one 
fupremc God, the fclf originated being, the maker of 
.the heaven and earth, and of all thofc other gods. He 
alfo maintains, tliat the Pfychc, or univerfal mundane 
foul, which is a felf^moving princijde, and the imme- 
diate caufe of all the motion in the world, was neither 
eternal nor fclf-cxiftent, but made or produced by God 
in time ; and above this fclf-moving Pfychc, but fub- 
ordinatc to tlic Supreme Being, and derived by emana- 
tion from him, he luppofes an immoveable Nous or in- 
telle^J, which was properly the Demiurgus, or framer 
of the world. 

The firft matter of which this body of the univerfe 
was ibrmed, be obferves, was a rude inmgefted heap, or 
ahkos t Now, adds he, the creation was a mixed pro- 
dudb'on ; and the world is the trfult of a combination of 
ndccfiity and underftandtng, that is, of matter, which 
he calls neceflity, and the divine wifdom : yet fo that 
mind rulca over necelfity; and to this neceffity he 
aferibes the introdudion and prevalence both of moral 
aad natural evil. 

The prkciplcs, or Clements, which Plato lays down, 
urtfire, air, water, and earth. He fappoftt two hew*, 
t^f, the Empyrean, which he takes to be of a fiery 
aaturc, and to be inhabited by angels, dec ; and the 
Starry heaven, which he teaches Is not adamantinei or 
ibHd| but liquid tad I^lrable,. 


With regard to the human foul, PlatO' maintained 
its tranimigration, and confeqttently its future immor- 
tality and pft-cxiftenoe* He aftertedi that human fouls 
arc here in a lapfed ftate, and that fouls fiomnff (hould 
fall down into thefc earthly bodies. Eufebius ex- 
prefsly fays, that Plato held the foul to be ungene- 
rated, and to be derived by emanation the fir ft 

caufe. 

His pliyfics, or doftrine de corpore^ is chiefly laid 
down in his Timajus, where he argues on the properties 
of body in a geometrical manner ; which Ariftotlc takes 
occafion to reprehend in him. His doctrine de mente 
is delivered in his loth Book of Laws, and his Par- 
menides. 

Su Auguftinc commends the Platonic philofophy ; 
and even fays, that the Platonifts were not far from 
Chriftianity. It is alfo certain that moft of the cele- 
brated fathers were Platonifts, and borrowed many of 
their explanations of feripture from the Platonic fyftem. 
To account for this fadl, it may be obferved, that to- 
wards the end of the fccond century, a new feft of 



the greattft part of the Roman empire, fwallowcd up 
almoft all the other feds, and proved very detrimental 
to Chriftianity. 

The fchool of Alexandria in Egypt, inftituted hy 
Ptolomy Philadclphus, renewed and reformed the Pla- 
tonic pliilofophy. The votaries of this fyftem diftln- 
guifhed themfelves by the title of Platonics, bccaufc 
they thought that the fentlmcnts of Plato concerning 
the Deity and inviftble things, were much more rational 
and fublimc than thofe of the other philofophers. This 
new fpccics of Platonifm was embraced by fuch of the 
Alexandrian Chrlftiaas as were defirous to retain, with 
the profeflion of the gofpel, the title, the flignity, and the 
habit of philofophers. Ammoniue Saccas was its princi- 
pal founder, who was fucceeded by his difclplc Plotinus, 
^s this latter was by Porphyry, the chief of thole 
formed in his fchool. From the time of Ammonias 
until the fixth century, this was almoft the only fyftem 
of philofophy publicly taught at Alexandria. It was 
brought into Greece by Plutarch, who renewed at 
Athens the celebrated Academy, from whence iffmd 
many illwftrious philofophers. The general principle 
on which this fed was founded, was, that truth was to 
be purfued with the utmoft liberty, and to be coUeded 
from all the different fyftems in vi^hich it lay difperfed* 
But none that were deflrouS of being ranked among 
thefe new Platonifts, called in ^ueftion the main doc- 
triuet; thofc, for example, which regarded theexift- 
ence of one God, the fountain of all mings ; the eter- 
nity of the world j the dependance of matter upon the 
Supreme Being ; the nature of fouls $ the plurality of 
gods, dec. 

In the fourth century, under the reign of Valen- 
tiniafi, a dreadful ftorm of perfccution arofo again ft 
the Platonifts ; many of whom, being aocufed of map 
cal pradices, and other heinOua aimes, were capitally 
, convided. 

In the fifth century Produs gave new life to tl^ 
dodrine of Plato, and reftofed it to its former credit 
in Greece ; with whom concurred many of the Chri- 
fti«adod«i| who adbptcd the Flaltniic ffftem. Tb^ 

Platonic 
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Platonic phaofophert were generally oppofers of Chrif- 
tififtity ; but in the fixth century, Chalcidiua gave the 
Pagan fyileai an cvanjKlital ifpei^ ; and thofe who, be* 
fore it bccailie the religion of the ftatc, ranged them* 
ffclfcs under the ftandard of Plato, now rcpaiied to that 
of Chrift, without arty great change of their fyllcm. 

Under the emperor Juftinian, who iffued a particular 
edi^t, prohibiting the teaching of philofophy at Athens, 
which cdfft feema to have been levelled at modern Pla- 
tonifro^ all the celebrated pliiloluphera of this fc6t took 
refuge among the Pcifians, who were at that time the 
enemies of Rome ; and though they returned from their 
voluntary exile, when the peace was concluded between 
the Perfians and Romans, in 533, they could never re- 
cover their former credit, nor obtain the diredion of the 
public fchools. 

Platonifm however prevailed among the Greeks, and 
was by them, and particularly by Gemillius JPIctho, in- 
troduced into Italy, and eftablidied, under the aufpiccs 
of Cofmo de Medicis, about the year 1439, who ordered 
Marfdiiis Ficinus to tranflatc into Latin the works of 
the mod renowned Platonifta. 

PLATONISTS, the followers of Plato ; otherwife 
called Academics, from Academia, the name of 
the place that philofopher chofc for his refidcnce at 
Athens. 

PLEIADES, an aflcmblage of feven liars in the 
neck of the condellation Taurus, the bull { although 
there are now only fix of them vifible to the naked eye. 
The larged of thefeis of the third magnitude, and called 
Lucido rleiadum. 

The Greeks fabled, that the name Pleiades was given 
to thefe dars from feven daughters of Atlas and Pleionc 
one of the daughters of Oceanus, who having been the 
nurfes of Bacchus, were for their fcrvices taken up to 
heaven and placed there as dars, where they ftill ihine. 
The meaning of which fable may be, that Atlas firft 
obferved thefe dars, and called them by the names of 
the daughters of his wife Plcione. 

PLENIIAJNIUM, the full-moon, 

PLENUM, in Phyfics, fignihcsthat date of things, 
in which every part of fpace, or extenfion, is fuppoRd 
to be full of matter : in oppoiition to a Vacuum, which 
is a fpace devoid of all matter. 

The Cartedans held the do^lrine of an abfoliite Pie* 
num ; namely on this principle, that the effence of 
matter confids in extenfion ; and copfequently, there 
being every where extenfion or fpace, there is every 
where matter ; which is little better than begging the 
quedion. 

PLINTH, in- Architeflure, a Bat fquare member in 
rorm of a brick or tile ; ufed as the foot or foundation 
of columns and pillars, &c. 

PLOT, in Surveying, the plan or draught of any 
pared of^TOvnd ; as a neld,.farm, or manor, &c. 

PLOTTING, in Surveying, the deferibing or laying 
down on piper, the iereral angles and lines, &c, of a 
traA of land,, that has been fuTvered and meafured. 

Plotting is ufoally performea by two inftruments, 
the protraiEbr and Plotting-fcale ; the former ferving 
to lay off all the angles that have been meafured and fet 
wwn, and the latter all the meafured lines. See thefe 
two inftruments under their reijpeAive names. 

Plottihg a mathematical inftrument chieBy 


ufed for the plotting of grounds in firrveyinjp or fcttuig 
off the lengths of the lines. It is- cither o, o, or iz 
inches in length, and about an inch and hair broad ; 
being made cither of box-wood, brafs, ivory, or fdver ; 
thofe of ivory are the neateft. 

' This inftrument contains various fcnies or divided 
lines, on both tides of it. On the one tide are a number 
of plane fcales, or fcales of equal dictions, each of a 
diftcrent number to the inch ; as alfo fcales of chords, 
for laying down angles ; and fometimes even the degrees 
of a circle marked on one edge, anfwering to a centre 
marked on the oppotitc edge, by which means it ferves 
alfo as a protrador. On the other fide are feveral 
diagonal fcales, of different fixes, or different divifiona 
to the inch ; ferving to take off lines expreffed by niim - 
bers to three dimcnfions, as units, tens, and hundreds ; 
as alfo a fcalc of divifions which arc the 100th parts of a 
foot. But the mod ufeful of all the lines that can be laid 
upon thisindrument, though not always done, is a line 
or plane fcale upon the two oppofite edges, made thin 
for that purpofe. This is a very ufeful line in furveying ; 
for by laying the inftrument down upon the paper, with 
its divided edge along a line upon which are to be 
laid off feveral dlilances, for the places of off-fets, ticc ; 
thefe didances are all transferred at once from the in- 
ftrument to the line on the paper, by making fmall 
marks or points againft the rclpe£live diwitions on the 
edge of the fcale. See tig. 2 & 3, plates xxi andxxii. 

rLOTTiNO-T/j^/e, in Surveying, is ufed for a plane 
table, as improved by Mr. Beighton, who has obviated 
a good many inconvcnicncics attending the ufe of the 
common plane table. See Philof. Tranf. numb, 461, 
fca. I. . 

PLOUGH, or Plow, in Navigation, an ancient 
mathematical indrument, made of dox or pear-tree, 
and ufed to take the height of the fun or liars, in or- 
der to find the latitude. This indrument admits of the 
degrees to be very large, and has been much cftcemcd 
by many artIBs ; though now quite out of ufe. 

PLUMB-Line, a term among artificers for a line 
perpendicular to the hoiizon. 

PLUMMET, Plumb-rulk> or Ptuivin-LiNE, an 
inBiumcnt ufed by maCpus, carpenters, &c, to draw 
crpcndiculars ; in order to judge whether walls, &c, 
e upright, or planes horizontal, and the like. 
plunger, in Mechanics, a folid brafp cylinder, 
ufed as a forcer in forcing purnps. 

PLUS, in Algebra,, the affirmative or pofitivc ftgn, 
• 4 “, fi^nifying more or addition, or that the quantity 
following it 18 either to be cunfidered as a potitive or 
affirmative quantity, or that it is to be added to the 
other quantitica; fu 4, -f 6 = 10, is read thus, 4- plus 
6 is equal to lo. See Affir^tive 
The more early writers of Algebra, as Lucas dc 
Burgo, Cardan, Tartaglia,^ See, wrote the word moBly 
at fuli length. Afterwards the word was contra^H or 
abbreviated, ufing one or two of its firil letters j which 
initial was, by the Germans 1 think, corrupted to the 
prefent changer + ; which I find firft ufed by Stife- 
tius, printed in his Arithmetic. 

PJLUVIAMETER, a machine for meafurin^ the 
quantity of rain that falls. There is deferibed in the 
ihiilof. Tranf. (numb. 473, or Abri^. x. 436), by 
Robert Pickenng, under the name of an Ombrameter, 
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an itiftroment of thli kind. It confifts of i tin funnel 
</) whofe furface ii an inch fquate (iig. 6, plate xx) ; 
a flat board aa ; and a glafatubei^, fet into the middle 
of it in a groove; and an index with divifions rr ; the 
board and tube being of any length at pleafure. The 
bore of the tube t» about half an inch, which Mr. 
Pickering (ays is the bell fizc. The machine is fixed 
in fome free and open place, as the top of the houfe, 
&c. 

The Rain-gage employed at tlie houfe of the Royal 
Society is deferibed by Mr. Cavendifli, in the Pliilof, 
Tranf. for 1776, p. 3H4. ^ The 
vclTcl which receives the rain is a 
conical funnel, ilrenglhened at 
the top by abrafs ring, 12 inches 
in diameter. Tl\c fidcs of the 
funnel and inner lip of the brafs 
ring arc inclined to the hoiizon, 
in an angle of above 65° ; and 
the outer lip in an angle of above 

0°; which arc inch degrees of 

ecjjnefs, that there feems no 
piobability cither that any rain 
which falls within the funnel, or 
on the inner lip of the ring, fhall 
dalh om, or that any which falls 
on the outer lip fhall dafh into the funnel. The an- 
nexed figure is a vertical fe<Stion of the funnel, ARC 
and being the brafs ring, BA and the Inner lip, 
and BC and tiic outer. 

Note, that in fixing Pluviamctcrs care Ihould he 
taken that the rain may hjrs'e free accefs to them, with- 
out being impeded or^lDverlliadtd by buildings, See } 
and therefore the tops of houfes are mofily to be pre- 
ferred. Alfo when the quantities of rain colledcd in 
them, .at different places, are compared together, the 
iuftruments ought to be fixed at the fame height above 
the ground at both places ; becaufe at different heights 
tlic quantities are always different, even in the farne 
place. And hence alfo, any rcgidei or account of rain 
in the Pluviameter, ought to be accompanied with a 
note of the height above the ground the inftrument is 
placed at. Sec ^lantiiy <?/ Rain. 

PNEUM A Ties, that branch of natural pbilofophy 
which treats of the weight, prtffurc, and efallicity of 
the air, or elaftic fluids, with the ejfcas arlfing from 
them. Wolfius, inllead of Pneumatics, ufes the term 
Acrometry. 

This is a fiftcr fcience to Hydroftatics | the onecon- 
fidcring the air in the fame manner as the other does 
water. And fome confuler Pneumatics as a branch of 
mechanics ; becaufe it confidas the air in motion, witlv 
the confequent cffeAs. 

For the nature and properties of air, fee the article 
Air, v?here they arc pretty largely treated of. To 
which may be added the following, which rcfpe-6ts more 
particularly the fcience of Pneumatics, as contained in a 
few propofitions, and their coiollarlcs. 

Prop. I. Th Air is a heavy fluid body, which fur^ 
rounds and gravitates upon all parts efl tbs furface of the 
earthy 

Thcfe properties of air are proved by experience. 
That it is a fluid, is evident frpm iu eafily yielding to 



any the lead force impreffed upon it, with little or n$ 

fcnfiblc refinance. 

But when it is moved brlikly, by any means, as by 
a fan, or a pair of bellows ; or when any body is moved 
fwiftly through it ; in thcfe cafes wc become fenfiblc 
of it as a body, by the refi (lance it makes in fuch mo- 
tions, and alfo by its impelling or blowing away ary 
light fubftances. So that, being capable of refifling, 
or moving other bodies by its impulfc, it muil itfdf be 
a body, and be heavy, like all other bodies, in propor- 
tion to the matter it contains ; and therefore it will 
prefs upon all bodies that are placed under it. 

And being a fluid, it will fpread itfelf all over upon 
the earth ; alfo like other fluids it willgravitate upon, 
and prefs every whereupon the earth’s fuiface. 

The gravity and preffurc of the air is alfo cvideirt 
from many experiments. Thus, for inftance, if water, 
or quick- fiber, be poured into the tube ACE, and the 




air be fuffered to prefs upon it, in both ends of the tube ; 
the fluid will re(l at the fame height in both the legs : 
but if the air be drawn out of one end as E, by any 
means ; then the air prefling on the other end A, will 
prefs down the fluid in this leg at B, and raife It up in 
the other to D, as much higher than at B, as the ptef* 
fure of the air is equal to. By wliich It appears, not 
only that the air does really prefs, but alfo w'hat the 
quantity of that prefliire is equal to. And this is the 
principle of the Barometer. 

Prop. II. The air is alfo an elaflic fluids being conden* 
flble and expanflble* Ana the law it obferves in this rc- 
fpeH is this^ namely^ that its denfiN is always proportional 
to the force by which it is emprejed. 

This properly of the air is proved by many experi- 
ments. Thus, if the handle of a fyringc he puflicd in- 
wards, it willcondenfe the inclofed air into a lefs fpacc ; 
by which it is Oiewn to be condenfiblc. But the includ- 
ed air, thus condenfed, will be felt to a£l (Irongly again ll 
the hand, and to refift the force comprefling it more and 
more ; and on withdrawing the hand, the handle is 
puihed back again to where it was at firff. Which 
(hews that the air is elaftic. 

Again, fill a ftrong bottle half full with water, and 
then infert a pipe into it, putting its lower end down 
near to the bottom, and cementing it very clofe round 
the mouth of thc^bottle. Then if air be ffrongly in- 
je£led through the pipe, ashy blowing with the month 
or otherwife, It will pafs through the water from the 
lower end, and aicend up into the part before occupied 
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by the aif at G» and ^the whole mafs of air become 
there condenfed becaufe the water is not eafiiy com- 
prefled into a lefs fjjace. But bn removing the force 
which injediicd the air at F, the water will begin to rife 
froir thence in a jet, being pulhed up the pipe by 
the increafed clafticity of the air G, by which it 
preffes on the furface of the water, and forces it 
through the pipe, till as much be expelled as there was 
air forced in ; when Uic air at G will be reduced to the 
fame denfity as at firfti and, the balance being reftored, 
the jet willccafe. 

Likewife, if into ,a jar of water AB, be inverted an 
empty glafs tumbler C, or fuch like j the water will 


A. 



enter Ft, and partly fill it, but not near fo high as the 
u<uor in the jar, comprefling and condeniing the air into 
a lefs fpace in the upper part C, and cauling the glafs 
to make a ftnfible refiftance to the hand in pufhing it 
down. But on removing the hand, the elaflicity of the 
ii.ternal condenfed air throws the glafs up again. — All 
theie (hewing that the air is condcnfible and elaiiic. 

Again, to (hew tlie rate or proportion of the clafti- 
city to the condenfation ; take a long (lender glafs tube, 
^>pen at the top A, bent near the bottom or clofe end 
B, and equally wide throughout, or at lead in the pait 
BD (2d fig. above). Pour in a little quickfilver at A, 
juft to cover the bottom to the bend at CD, and to flop 
the communication between the external air and the air 
n» BD. Then pour in more quickfilver, and obfcivc to 
inark the correlponding heights at which it ftands in tlie 
two legs; fo, when it rifes to H in the open leg AC, 
In it rife to E in the clofe one, reducing its included 
from the natural bulk RD to tlie contiaAed fpace . 
Bl*., hy the prefiTurc of the column Hi ; and when the 
quickfilver ftands at land K, in the open leg, let it rife 
to !• and G in the other, reducing the air to the rcfpec- 
tivc fpaces BF, BG, by tlic weights of the columns 1 /, 
/l^hcn It is always found, that the condenfatlons 
jiud c 'licitics arc as the comprefling weights, or co- 
lumns of the quicjefilvcr and the atmofphcre together, 
^o, if the natural.bulk of the air BD be comprefled ihtO' 
Ixl ^P^ces BE, BF, BG, or. reduced by the fpaces 
DE, DF, DG, which are i, J of BD, or as the 
^umbers 1,2, ^ . then the atmofpberc, together With 
the correfponciing column Hr, 1 /, K^, will alfo be 
t'und to be in the fomc proportion, or as the numbers 
* * 5 ; and then the weights of the quickfilver are 

A ~ A, and = 3A ; wheic 

A denotes the weight of the atmofphcre. Which (hews 


that the condenfations arc dircifly at the comprefling 
forces. And the elafticities arc alfo in the fame pro- 
portion, fince tlie preffurcs in AC are fuftained. by the 
elafticities in Bl). 

From the foregoing principles may^ be deduced 
many ufcful rtmaiks, as in the following corollariesi 
viz : 

Cot'ol* I. Tlic fpnee that any quantity of air is con- 
fined in, is rtciprocally as the force tliat comprcfl’cs it, 
Soj^he forces which confine a quantity of air in the 



cylindrical fpaces AC, BG, are reciprocally as 
the (iune, or recipiocally as tlic heights AD, BD, CD, 
And ilicrcfurc, if to the two perpendicular lines AD* 
Dll, as afymptotes, the hyperbola I ICJ. he deferibed, 
and the oidincites A I, BK, CL be drawn; then the 
forces which confine the air in the fpaces AG, BG, CG, 
will be as the correfponding ordinates AI, HK, CL, 
fince thefc are leciprocallyas tlie abfeiO’es AD, B D, CD, 
by the nature of the hj peiholn. 

Carol. 2. All the air near the earth is in a ftatc of 
comprcflion, by the weight of the incumbent at- 
moiphcrc. 

Coral 3. The air is denfer n^ar the earth, than In 
high places; or denfer at the foot of a mountain, tlnrn 
at the top of it. And the higher above the earth, the 
rater it is. 

Carol. 4. Thefpring or clafticity of the air, is equal 
to the weight of the atmofphere above it ; and they 
will produce the fame efl’cds ; fince they are always 
fuftained and balanced by each other. 

Coral If the denfity of the air he Increafed, piv- 
fervln^ the fame heat or temperature; its fpring or 
^licity will likewife be increafed, afld in tlie fame 
proportion. 

Coral. 6. By the gravity and prefTme of tlie atnui- 
fpherc upon the furfacesof fluids, the fluids are made to 
nfe in any pipes or vcflels, when the fpring or prclTurc 
within is diminifhcd or taken off. 

Prop. HI. Heat increnfes the elajlinly oj the nJr^ and 
cold (limiri 't/hes it. Or heat expands^ and cold contrails and 
condmfes the air. 

This property is alfo proved by experience. 

Thus, tic a bladder very clofe, with fomc air in it j 
and lay it before the fire ; then as it warms, it will moie 
and more diftend the bladder, and at (aft bin ft it, if 
the heat be continued and increafed high enough. But 
if the bladdcr.be removed from the fire ; it will con- 
traifl again to its former ftate by cooling.— —Il vvas 
upon tnig principle that the firft air-balloons were made 
by Montgolfier: for by heatrng the air within them, by 
a iirc underneath, the hot air dillends them to a fi^e 
which occupies a fpace in the atmofphcre whofc weight 
of common air exceeds that of the balloon. 

AKb, if a cup or glafs, with a little air in if, he in- 
verted into a vclTcl of waterf and the whole be hentid 
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ofcr iht fire, or otherwifc : the a»r in the top will ex- 
pand till it fill the gUfi} and expel the water out of it ; 
and part of the air itfelf will follow, by continuing or 
increafing the heat* 

Many other experitnenta to the fame effed might be 
adduced, all proriog the propertici mentioned 111 the 
propofition. 

SM, Hence, when the force of the elafticity of the 
air is confidcred, regard mufibe had to its heat or tem- 
perature } the fame quantity of air being more or lefa 
elafiic, as its heat is more or lefs. And it has been 
found by experiment that its elallicity is incrcafed at 
the following rate, viz, by the 435th part, by each de- 
gree of heat exprefled by r ahrenneit’s thermometer, of 
^hich there are 1 80 between the freezing and boiling 
heat of water. It has alfo been found (Philof. Tranf. 
1777, pa. 560 &c), that water expands the 6666th 
part, with each degree of heat; and mercury the 

the relative or 
, are as follow : 


0600th part by each degree. Moreover, 
specific gravities of thefe three fubfiances, 

} 


when the barom. is at 30, 
and the thermom .at 55. 


Air 1*232 

Water loco 

Mercury 1 3600 ^ 

Alfo thefe numbers are the weights of a cubic foot of 
each, in the fame circumftancci of the barometer and 
thermometer. 

Prop. IV. The nueight or prejfure of the atmofphere^ 
upon any bafe at the furface of the earth t is equal to the 
naeight of a column of qutckftlver of the fame baje^ and itt 
height between 28 and 3 1 inches. 

This is proved by the barometer, an inftrument which 
meafures the preflure of the air j the defeription of 
which fee under its proper article. For at fomc fcafons, 
nnd in fomc places, the air fufiaiiis and balances a column 
of mercury of about 28 inches ; but at others, it balances 
a column of 29, or 30, or near 3 r inches high ; feldom 
in tl>e extremes 28 or 31, but commonly about the 
means 29 or 30, and indeed moftly near 30. A varia- 
tion which depends partly on the different degrees of 
heat in the air near the furface of the earth, and partly 
on the commotions and changes in theatmofphcrc,< fr<^ 
winds and other caiifes, by which it is accumulated m 
fomc places, and deprefled in others, being thereby ren- 
dered deafer and heavier, or rarer and lighter; which 
changes in its ftate are almoft continually happening in 
any one place. But the medium date is from 29^ to 
30 inches. 

Carol, I. Hence the preffure of the atmofphere upon 
-every fquarc inch at the earth’s furface, at a medium, is 
very near 15 pounds avoirdupois, Fort a cubic foot 
of mercury weighing nearly 13690 ounces, a cubic 
inch of it will weigh the 1728th part of it, or almoft 
8 ounces, or half a pound, which is the weight of the 
atmdfphcrc for every inch of the barometer .upon a bafe 
of a iquare inch; and therefore 29^ inches, the me- 
dium height of the barometer, weighs almoft 15 pounds, 
or rather 14 Jib very nearly. 

CoroL 2. Hence alfo the weight or preffure of the 
atmofphere, is equal to that of a column of water 
from 32 to 35 feet high, or on a medium 33 or 34 feet 
high. For water and quickfilvcr arc in weight nckrly 
aa lio 13*6 j fo that the aunoiphere wiUbalaacca 


column of water 13*6 times higher than odeqf cjuicit- 
filver; confequcfttly 13*6 x 30 inches =s: 408 inches 
or 34 feet, is near the medium height of water, pr it 
is more nearly 33I feet. And hence it apm^n that a 
common fucking pump will not raife water higher than 
about 34 feet. And that a fyphon will not run if the 
perpendicular height of the top of it be more than 33 
or 34 l^et. 

CoroU 3. If the air were of the fame uniform denfity, 
at every height, up to the top of the atmofphere, as 
at the furface of the earth ; its height would be about 
5 J miles at a medium. For the weights of the fame 
volume of air and water, are nearly as 1*232 to 1000 ; 
therefore as 1*232 ; 1000 : : 34 feet : 27600 feet, or 
5i miles very nearly. And fo high the atmofpheic 
would be, if it were all of uniform denfity, like water. 
But, inftead of that, from its expanfivc and claftic 
quality, it becomes cpntinually more and more rare the 
farther above the earth, in a certain proportion which 
will be treated of below, 

Corel. 4. From this prop, and the lafl, it follows 
that the height is always the fame, of an uniform jit- 
mofpherc above any place, which fhall be all of the 
uniform denfity with the air there, and of equal weight 
or preffure with the real height of the atmofphere above 
that place, whether it be at the fame place at different 
times, or at any different places or heights above the 
earth ; and that height is always about 27600 feet, or 
5 4 miles, as found above in the 3d corollary. For, aij 
the denfity varies in cxa<ft proportion to the weight ot 
the column, it therefore requires a column of the fame 
height in all cafes, to make the refpedive weights or 
prcffurcs. Thus, if W and w be the weights of at- 
mofphcrc above air^ places, D and d their denfitics, 
and ti and b the h.ights of the uniform columns, of 
the fame denfitics and weights : Then H X D = \\\ 
W 

and ^ X = w / therefore or H is equal to - 

or h ; the temperature being the fame. 

Prop. V. The denfity of the atmofphere y at d'ffercvt 
heights above the earth, decreafes in futhfurt, that when 
the heights inrreafe in arithmetical progrejjion, the dcnftus 
decreafe in geometrical progrffwn. 

Let the perpendicular line AP, cre6Ied on the earth, 
be conceived to be divided into a great number of very 
fmall parts A, B, C, D, kc, foiming 
fo many thin ftrata of air in the atmo- 
fpherc, all of different denfity, gradu- 
ally decreafing from the greateft at A : 
then the denfity of the fcveral ftrata 
A, B, C, D, &c, will be in geome- 
trical progreflion decreafing. 

For, as the ftrata A, B, C, kc, are 
all of equal thicknefs, the quantityiof 
matter in each of them, is as the denfi- 
ty there ; but the denfity in any one, 
being as the comprefling force, is as the 
wei^t or quantity of matter f^rom that 
place upward to the top of the atmo- 
fphere ; therefore the quantity of mat- 
ter in each ftratum, is alfo as the whole 
quantity from that place upwards, 
iiow if fi*om the wh<^ weight at any 

^ place 
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Jacc as B, the weight or quantity in the ftratum B be 
fubtraited, the remainder, will be the weight at the 
next higher ftratum ,C j that is, from each weight fub- 
traifting a part which is proportional to itfelf, leaves 
the next weight j or, which is the fame thing, from 
each denfity lubtrading a part which is always propor- 
tional to iticlf, leaves the next denfity. But when any 
quantities are continually dlminidied by parts w^hich arc 
proportional to themfclvcs, the remainders then form a 
feries of continued proportionals ; and confcquently 
thefe dcnfities are in geometrical progrcflion. 

Thus, if the firft denfity be D, and from each there 

be taken its «th part ; then there remains its ^ 

n 

part, or the part, putting w for n — i ; and there- 
fore the feries of denfities w’lll be D, — D, ^ D, — D, 

n 

&c, — being the common ratio of the feries. 

vSV/’o/. Bccaiife the terms of an arithmetical feries, 
n!e proportional to the logarithms of the tenns of a 
g(.omctiical feilesj therefore (liffcieiit altitudes above 
tiic eartli’s fuiface, arc as the logaiithmsof the dciifi- 
tics, or weights of air, at thofe altitudes. So that, 

if D denote the denfity at the altitude A, 
and (i ^ the denfity at the altitude ^ ; 
then A being as the logarithm of 1 ), 
and a as the logaiithm of Jf 

the dit. of altitude — a will be as 

the log. of I) — log. of r/, or as log, of 

^ And If A = o, or D the denfity at the fuiface of 
tnc eaith, then any altitude above the furface a, is as 

the log. of “J, Or, in general, the log. of ~ is as the 
a 4 

altitude of the one place above the other, whether the 
h tver place be a: the furface of the earth, or any vvheic 
tlfe. 

And from this property is derived the method of de- 
termining the heights of mountains, and other emi- 
nences, by the barometer, which is an inftrument that 
uvafures the weight or denfity of the air at «ny place. 

I or by taking with this inihiimcnt, the preiliirc or 
denfity at the foot of a hill for inftance, and again at 
tne top of it, the difference of the logarithms of thefe 
t'vo prcfTurcs, or the logarithms of their quotient, will 
as the diffeiencc of altitude, eras the height of the 
nil ; fuppofing the temperatures of the air to be the 
‘■Jme at both ^aces, and the gravity of air not altered 
y the different-dift^nces from the earth’s centre. 

But as this. formula expreffes only the relations bc- 
t\' een different altitudes, with rcfpcfl to their denfities, 
Heourfe muft be had to fome experiment, to obtain the 
J which correfponds to any given denfity, or 
>e denfity which correfponds to a given altitude, NW 
Kie ai^ various expenments by which this maybe 
fille r natural, is that which rc- 

f ^ a known Ipedfic gravity of air, with rc- 

fuV whole preCTurc of the atmofphcre on the 

I earth. Nowj as the altitude a is always as 


log. affumc h fo that a may be = ^ X log. -j# 

where /j will be of one conftant value for all alti- 
tudes ; and to dctcnniiie that value, let a cafe be taken 
in which wc know the altitude a correfponding to a 
known denfity J : as for indance take =r 1 foot, or 
I inch, or fome fueh fmall altitude ; and bccaufc the 
denfity D may be meafuredby the prcfTiirc of the atmo- 
fpherc, or the uniform column of 27600 feet, when tlic 
tcmpcratuie is 55°; therefore 27600 feet will denote 
the denfity D at tlie lower place, and 27599 the lefs 
denfity d at one foot above it ; confequeiuly this equa- 
tion arifes, viz, 1 X log. of , which, by 

17599 

the nature of logaiithms, is nearly 

= h X - =r — - — nearly ; and hcncc h r=: 

27000 03551 

6345 1 feet ; which gives for any altitude whatever, this 
genei.il theorem, \iz, a 

^ 355 * ^ - 2 , or = 63551 X log. H feet, or 

10592 X log. — fathoms : where M is the column of 
m 

mercury vhich is ccpial to the prdrin c or weight of the 
atmofj)l\eie at the bottom, and m that at the top of the 
alutiule a ; and where M and m may be taken in any 
meafuic, either feet, or inches, &c. 

Notcy that this formula is adapted to the mean tempe- 
rature of the air 55°. But for eveiy degree of tenqie- 
ratiiic different from this, in the medium between the 
temperatures at the top and bottom of the altitude 
that altitude will vary by Its 435th part ; which mull be 
added when the medium exceeds 55®, otherwife fub' 

' tiadcd. 

J^ole alfo, that a column of 30 inches of mercury 
vaiics its length by about the 320th part of an inch for 
every degree of heat, or rather the 9600th part of the 
whole volume. 

But the fame formula may be rendered much more 
convenient for ufe, by i educing the fadlor 10592 to 
loo^o, by changing the temperature proportionably 
from 55°; tlius, as tlic difference 592 is the iStlipait 
of the whole fadlor 10592 ; and as 18 is the 24th part 
of 435 ; thcrcfoic the coM'cfponding change of tempe- 
rature is.^4°, which reduces the 55^ to 31°. So that 

M 

the formula becomes a = looco x log. of fa- 

® m 

thorns when the temperature is 31 degrees; and for 
every degree above that, the refult muft bcincrcafcd by 
fomany times its 435th part. 

Sec more on this head under the article Barome- 
ter, at the end. 

By the weight and prelTurc of the atmofphcre, the 
effta and operations of Pneumatic engines may be ac- 
counted for, and explained ; fuch as fyphons, pumps, 
barometers, 5 cc. See each of thefe articles, alfo Am. 
Pneumatic Engtncy the fame as the Air-Pump. 
POCKET Khtlrical apparatus , — This is a contri- 
vance of Mr. William Jones, in Holborn, the form of 
which is rcprefciitcd in plate xxiii, fig. 4, 

Kk ^ This 



P 0 I [ip ) f 01 


Tills fmaH macliint* is capabk of a tolerably ftrong 
charge, or accumuktioii of electricity, and irlU give ^ 
frnall (hock to one, two, three, or a greater number of 
perfons, 

A is the Leydea phial or jar that iiolds the charge, 
"B is the dlfcliiugcr to dlfcharge the jar when required 
without clcdiilying the perfon that holds it. C is a 
ribbon prepared in a peculiar manner fo as to be excited, 
and communicate its electricity to the jar. D arc two 
hair, 5cc, (kin rubbers, which are to be placed on the 
firft and middle fingers of the left hand. 

To charge the Jar, 

Place the two fingcr-caps D on the firft and middle 
finger of the left hand j nold the jar A at the fame 
time, at the joining of the red and black on the oiitfide 
between tlie thumb and tir(l finger of the fame hand ; 
then take the libbon in your right hand, and (leadily 
and gently draw it upwards between the two rubbers 
D, on the two fingers ; taking care at the fame time, 
the brafs ball of the jar is kept nearly clofe to the rib- 
bon, while it is palling through the fingers. By re- 
peating this operation twelve or fourteen times, the elec- 
trical fire will pafa Into tlic jar which will become charg- 
ed, and by placing the difeharger C againll it, as in the 
plate, you will fee a fcnfible fpark pafa from the ball of 
the jar to that of the difeharger. If the apparatus is 
dry and in good order, you will hear the crackling of 
tlie fire when tlie ribbon Is paifing through the fingers, 
and the jar will dlfcharge at the difiance reprefented in 
the figure. 

To eleBrify a Perfon, 

You muft defire him to take the jar in one band, and 
with the other touch the nob of it ; or, if diverfion is 
intended, defirc the perfon to fmell at the nob of it, in 
cxpciVaiion of fmelhng the feent of a rofe or a pink ; 
this laft mode has occafioned it to be fomclimcs called 
the Magic Smelling Bottle. 

P( )ET IC A L Nimbtn, See No m b er s . 

Poetical Rftng and Sei/in^, See Rising and 
Setting. 

The ancient poets, referring the rifingand fetting of 
the ftari to that of the fun, make three kinds of riling 
.mid fetting, viz, Cofmical, Acroiiical, and Heliacal. 
Sec each of ibefe words in its place, 

POINT, a term ufed in various arts and fcicnccs. 

Point, in ArchiteAure. Riches of the third Point, 
and Arches of the fourth Point. Sec Arches, 

Point, in AUronomy, is a term applied t6 certain 
parts or places marked in the heavens, and difiinguifhcd 
by pi oper epithets. 

The four grand points or divifions of the horizon, viz, 
the call, weit, north, and foutb, are called the Cardinal 
Points.— The zenith and nadir arc the Vertical Points. 
— The Points where the orbits of the planets cut the 
plane of the ecliptic, are called the Nodes. — ^Thc Points 
where the ecliptic and equator mterfcA, are called the 
P'.quInoAial Points. In particular, that where the fan 
akqnds towards the north pole is called the Vernal 
Point ; and that where he defeends towards the fouth, 
i)ie Autumnal point. — The liigheft and lowed Points of 
tlie ecliptic arc called the Solftitial Points. Particu 
larly, the former of them the ElUval or Summer Point ; 
the biter, the Brumal or Winur Point* 


Points,* in EUftricity, ?re thtffe acute terminationi 
of bpdies which facilitate the pafige of the eleArieal 
fluid cither frotn ov to fuch bodies. 

Mr. Jalbbert was probabjy the firfi perfon who qb. 
ferved that a body pointed at one end,, aii.d round at the 
otheri produced different appearances upon tbc fame 
body, according as the pointed or round end was prt. 
fented to it. But Dr. Franklin firft obferved and 
evinced the whole effcA of pointed bodies, both in 
drawing and throwing off elcArlcity at greater dlf- 
tances than other bodies could do it j though he can- 
didly acknowledges, that the power of Points to throw 
off the eleArIc fire was communicated to him by his 
friend' Mr. Thomas Hopkinfon, 

Dr. Franklin eleArified an iron (hot, y or 4 inches 
in diameter, and ohferved that it would not attraA a 
thread when the Point of a needle, communicating with 
the earth, was prefented to it ; and he found it even im- 
poffible to eleArify an iron (hot wheiva (harp needle lay 
upon it. This remarkable propeity, poffeffed by pointed 
bodies, of gradually and filcntly receiving or throwing 
off tlie cleAric fluid, has been evinced by a variety of 
other familiar experiments. 

Thus, If one hand be applied to the outfide coating 
of a large jar fully charged, and tlie Point of a needle 
held in the other, be direAed towards the knob of the 
jar, and moved gradually near it, till the Point of the 
needle touch the Knob or ball, the jar will be entirAy dif- 
charged, fo as ,to give no (hock at all, or one that is 
hardly fenfible. In this cafe the Point of the needle has 
gradually and filcntly drawn away the fuperabundaiit 
elcAricity from the eleArified jar. 

Farther, if the knob of a brafs rod be held at fuch a 
diftance from the prime conduAor, that fparks may eaPIy 
efcape from the latter to the former, whilll the machine 
is in motion ; then if the Point of a needle be prefented, 
though at twice the diftance of the rod from the con- 
duAor, no more fparks will be fecn paffmg to the rod. 
When the needle is removed, the fparks will be feen j 
but upon prefenting it again, they will ^in difappear. 
So that the Point of the needle draws of? filently almolt 
all the fluid, which is throwp by the cylinder or globe of 
the machine upon the prime conduAor. This experi- 
ment may be varied, by fixing the needle upon the 
prime conduAor with the point upward ; aud then, 
iliough the knob of a difeharging rod, or the knuckle 
of the finger, be brought very near the prime conduc- 
tor, and the excitation be very llrong, little or no fpark 
will be perceived. 

The influence of points is alfo evinced in the amiifing 
experiment, commonly called the cleArical horfc-race, 
and many others. See Th under -/jott/e. 

The late Mr. Henly exhibited the efficacy of pointed 
bodies, by fufpending a large bladder, well blown, and 
covered with gold, filver, or brafs leaf, by means ol 
gum-water, at the end of a filkcn thread 6 or 7 feet 
long, hanging from the cicling of aroorot and eleAri' 
fying the bladder by giving it a ftrong fpark with the 
knob of a charged bottle : upon prefenting to it the 
knob of a wire, it caufed the bladder to move towards 
the knob* and when nearly in contaA gave it a fpark, 
thus difeharging its eleAricity. By dving. the bladder 
another charge, and prefenting the Point of a needle 
to iu tlw bladder was not attraAcd by the Point, but 
g rather 
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rattier reccdi*^ from it, cfpccially when the needle was 
'fuddcnly prefented towards it. 

But experiments evincing the efficacy of pointed bo- 
dies for filcntly^ receiving or throwing off the dearie 
fluid, may be inftnitely diverfified, according to ihe 
fancy or convenience of the cleaHcian. 

Il may be obferved, that in the cafe of points throw- 
ingoff or receiving clearicity, a current of air is fenliblc 
at andeariiicd Point, which is always In the direaion 
of the Point, whether the clearicity be pofitlvc or ne- 
gative. A faa which has been well afccrtalned by 
many cicaricians, and particularly by Dr. Pridfley and 
Sig. Beccaria. The former contrived to exhibit the in- 
fluence of this current on the flame of a candle, pre- 
foiited to a pointed wire, elearified negatively, as well 
as pofitivdy. The blall was in both cafes alike, and fo 
flrong as to lay bare the greateft pait of the wick, the 
flame being driven from the Point ; and the effea was 
the fame whetlier the eledric fluid iffued out of the 
Point or entered into it. He farther evinced this phe- 
nomenon by means of thin light vanes ; and he found, 
as Mr. \Vil!o:i had before obferved, tliat tlie vanes would 
not tuin In vacuo, nor in a clofc unexhaufled receiver 
where the air had no free circulation. And in much the 
fame manner, Beccaria exhibited to fenfe the influence 
of the wind or current of air driven from points. 

As to the ‘Theory of the phenomena of Points, thefe 
me accounted for in a variety of ways, by difl’eitnt au- 
thors, though perhaps by none with pcrfc6l fatisfadion. 
Mec Franklin’s writings on Eledlricity ; Lord Mahon’s 
Principles of Elcdfricity, 1779 ; Beccaria’s Artificial 
Elcdilcity, 1776, pa. 331; and Pricflley’s Hilloiy of 
Elcaricity, vol. 2, pa. 191, edit. 1775. 

As to the Mplicatton of the dodfrine of Points ; it 
may be obferved that there is not a more important fadl 
In the hiftory of elcdlricity, than the ufe to which the 
difeovery of the efficacy of pointed bodies has been ap* 
plied. 

Dr. Franklin, having afeertained the identity of 
elcdfricity and lightning, was prefcntly led to propofc 
a cheap and eafy method of fecuring buildings from the 
damage of lightning, by fixing a pointed metal rod 
higher than any part of the building, and communi- 
cating with the ground, or with the ncareft water. And 
this contrivance was adlually executed in a variety of 
cafes ; and has ufually been thought an excellent pre- 
feivative againff the terrible effeds of lightning. 

Some few inftancca however having occurred, in 
which buildings have been ftrtick and damaged, though 
provided with thefe coaduffors ; a controverfy arofc 
with regal'd to thdf expediency and utility. In this 
controverfy Mr. Benjamin Wilfon took the lead, and 
Dr. Mufgrave, and fomc few other eledricians, the 
lead acquainted with the fubjc6:, concurred w'ith him 
ui their oppbfiiion to pointed elevated condu6lors. 
Thefe alledge^ that every Point, as fuoh, folicits tlic 
lightning, and thus contributes not only to increafe the • 
quantity of every aAual diTcharge, but alfo frequently 
to occafion a dffqhargc wtien it might not othcrwiic 
have happened : whetcas, fay they, ifinftead of pointed 
condo^lori, thofc with blunted terminations were ufed, 
they would as cffcdually anfilvcr the purpofe of cofivey- 
*«g away ffic lightning fafely, without the fame tendency 
to ittcrcafc or invite it. Accordingly, Mr, Wilfon, in a 


letter to the marquis of Rockingham (Phtlof. Tranf. 
Vol. 54, art. 44), exprcflcs his opinion, that, in order 
to prevent lightning from doing mifcliief to high build- 
ings, large magazines, and the like, inftcad of thecle- 
vat<pd external conductors, that, on the infidc of tliC 
higheff part of fucU building, and within a foot or two 
of the lop, it may be proper to fix a rounded bar of 
metal, and to continue it down along the fide of the 
wall to any kind of moiihire in the ground. 

On the other hand, It is urged by the advocates for 
pointed condurtois, that Points, iiiflcad of incrcaling 
an aChial difch.irge, really prevent a difeharge where it 
would otficrvvifc happen, and that blunted eondiiOon 
tend to invite the clouds charged with lightning. And 
it feems to be a certain faCl, that thoiign a (harp Point 
will draw off a charge of elcClricity filently at a much 
greater diftance than a knob, yet a knob will be llruck 
with a full explollon or fliock, the charge being the 
fame in both cafes, at a greater diftance than a (harp 
Point. 

The efficacy of pointed bodies for prvWentIng a 
ftroke of lightning, is Ingenlouny explained by Dr. 
Fianklin in the following manner * An eye, he fays, fo 
fitinted as to view horizontally the underllde of a thun- 
der-cloud, will fee It very r.igged, with a number of 
feparate fragments or fmall clouds one under another ; 
the lowed fometimeb not far from the earth, Thefe, as 
fo many ftepping-ftenes, affift in condutding a ftroke be- 
tween a cloud and a building. To reprefent thefe by an 
experiment, be direds to take two or three locks of 
fine loofc cotton, and conned one of them with the 
prime condudor by a fine thread of 2 inches, another 
to that, and a third to the fccond, by like threads, which 
may he fpun out of the fame cotton. He then direds 
to turn the globe, and fays we fliall fee thefe locks ex- 
tending themfelves towards the tabic, as the lower 
fmall clouds do towards the earth j but that, on pre- 
fenting a (harp Point, ered under the lowcft, it will 
flirinkupto the fecond, thcfecond up to the fiift, and 
all together to the prime condudor, where they will 
continue as long as the Point continues under them. 
May not, he adds, in like manner, the fmall elcdrified 
clouds, whofe equilibrium with the earth is foon reftored 
by the Point, rife op to the main body, and by that 
means occafion fo large a vacancy, as that the grand 
cloud cannot (Irikc in that place ? Letters, pa. 121, 

Mr. Hcnly too, as vvcll as fevcral other perfons, with 
a view of determining the queftion, wllciher Points or 
knobs are to be prefeircd for the terminations of con- 
dudors, made fevcral experiments, (hewing in a variety 
of inflanccs, the efficacy of Points In (ilcntly drawing 
off the eledricity, and preventing llrokcs which would 
happen to knobs in the fame fituatlon. Philof. Tranf. 
vol. 64, part 2, ait. iH. See alfo Thundlk- 
I/ou/. ‘ 

Indeed it has been unlvei Lily' allowed, that in cafes 
where the quantity of chdrlcity, with whicli thunder- 
clouds arc cliargcd, is fmall, or uJien they move flowly 
in their paflage to and o\cr a huilding, pointed coirdiic- 
tors, which draw off the cicdtical fluid fijciitly, Within 
the diftance at -which rounded ends wiif explode, will 
gradually cxliauft them, and thus contribute tO prevent 
a ffroke and prcfcrvc the buildings to which they arc 
annexed. 

K k 2 But 
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But It hn8 been faid by thofe who are averfe to the 
ufe of fuch condiK^^ors, that if clouds, of great tx- 
tent, and highly elcdnTicd, fhould be dnVco dire( 511 y 
over them with great velocity, or if a cloud hanging 
dircdly over buildings to which they are annexed, iud* 
denly receives a charge by cxplofion from another cloud 
at a ditlance, fo ns to enable it inllanily to (Irike into 
the earlli, thefc pointed conjudors mud take tl»e ex- 
plofion ; on account of their greater rtadiijefs to ad- 
mit tle6liicity at a much greater dillancc tlian thofe that 
arc blunted, and in proportion to the dilFercnce of that 
fti iking dillancc, do mifchicf inltcad of good: and 
therefore, they add, tiiat futli pointed condudors, 
tlioughthey may be fonietimes> advantageous, are yet at 
other times prejudicial; and that, as tlic pm pole for 
which condudors arc fixed upon buildings, is not to 
proted them from one paiticular fort of clouds only, 
but if pofTible fiomall, it cannot be advlfable to ufe 
that kind of condudors which, if they dimiuifli danger 
on the one hand, will increafe it on the other, lie- 
fidcs, it is alleged, that if pointed condndors are at- 
tended with any the flighteit degree of danger, that 
danger mull be confiderably augmented by cairying 
them high up into the air, and by fixing them upon 
every aif^lc of a building, and by making them pro- 
jed in every diredlon. Such is the reafoning of Dr. 
Mufgrave; fee his paper in the Philof. Tranf. voL 68, 
part 2, art. 36. 

Mr. Wilfon too, dllTcnting from the report of a com- 
mittee of the Royal Society, appointed to Infped the 
damage done by lightning to the houfc of the Board of 
Ordnance, at rurflect, in 1777, was led to jufiify his 
diflent, and to difpai'age the ufe of pointed and elevated 
condudors, by means of a magiuficent apparatus he 
conilruded, with which he miglit produce elFcds iimi- 
lar to thofe that had happened in the cafe referred to 
tlieconfideration and decifion of the committee. With 
this view he procured a model of the Board-Iioufe at 
Piirflcet, rcfcmbling it as nearly as pofiible in cvciy cf- 
fciitial appendage, andfuinirned with condudors of dif- 
ferent lengths and terminations. And to conitrud a 
fubfiitutc for a cloud, he joined together tlic broad 
lima of 1:0 drums, forming together a cylinder of 
15c feet In length, and above 16 inches in diameter; 
and this Immeiife cylinder, of about 600 fi|uarc feet of 
coated furfnee, was conneded occafionally with one 
end of a wire 4S00 feet long. As this bulky appara- 
tus, reprefenting the thunder-cloud, could not conve- 
niently be put in motion, he contrived to accompli:}i 
the fame end by moving the model of the building, with 
a velocity aufwcring to that of the cloud, which he 
itates, at a moderate computation, to be about 4 or 5 
miles an hour. This apparatus was charged by a ma- 
chine with oDcglafs cylinder, about 10 or ii feet from 
its neareft end j and the whole of the apparatus wasdif* 
pofed in the great room of the Pantheon, and applied 
to ufe in a variety of experiments. But it is impof- 
fible within the limits of this article to do juftice to 
Mr, Wilfon*8 experiments, or to the Inferences which 
he deduces from llicm# Suffice it juft to obferve, that 
moft of his experiments, in which the model of the 
houfe, which was palTed fwiftly under the artificial 
cloud,, and having annexed to it cither the pointed or 


blunt condudors at the fame or different heights, were 
intended to (hew, that pointed condudors are firuck at 
a greater diftance, and with a higher elevation, than 
the blunted ones; and from all his experiments made 
w’ith pointed and rounded condudors, provided the cir. 
cumflances be the fame in both, he infers, that the 
rounded ones arc much the fafer of the two; whctlicr 
the lightning proceeds from one cloud or from fc\eial ; 
that thofe are ftill fafer wdiich rife little or nothing 
above the higheft part of the building ; aqd that this 
fafety arifes from the gieatcft rcfiftance exerted at the 
larger fiirface. See Piiilof. Tranf. for 1778, pa; 23:. 

The committee of the Royal Society however, which 
was compofed of nine of the moO difiinguin.cd dcdii- 
cians in the kingdom, and to whom was refined the 
confidtrration of the mnil effectual method of fecniiug 
the povvder-maga/incs at I’lirdcct agaliiil the effids of 
lightning, exprefs theli united opinion, that tlev:it;-d 
fiiarp rods, conilruded and dirpufcd in tl.e manner 
which theydired, arc preferable to low eomlndorj tci- 
minated in rounded ends, knobs, or balls (jf metal ; 
and that tlie experiments and reafonings, made ami al- 
leged to the contrary by Mr. Willon, are incunelu- 
five. 

Mr. Nairnc alfo, in order toeibvlatc the objedionsof 
Mr. Wilfon and others, and to vindicate the preferenee 
generally given to high and pointed condudors, con- 
llrnded a much more fimple appaiatus than that of 
Mr. Wilfon, w'llh wdiich he made a number of w^ell-dt- 
fjgned and vvcll-condiided expciiments, which feem to 
prove tiie point as far us it is capable of being jnovi. ! 
by an artificial eledrical appaiatus. Prom thefc Idl 
cxpeiiments it appears, that though tlic point wm^t 
ilruck by means of a fwlft motion of the aitifiu'al 
cloud, yet a fmall ball of 3 tenths of an Inch diameter 
was flruck farther off than the Point, and a larger ba’l 
at a much greater diftance than cither, even wiili tlic 
fwiftcll motion. Upon the whole, Mr. Naiine' feems 
to he jullificd in preferring elevated pointed condudois ; 
next to them, thofe that arc pointed, though they nie 
but little above the higheft pait of a building ; and af- 
ter them, thofe that arc terminated in a ball, and placed 
even with the higheft part of the biiiMing. See Philof. 
Tranf. 1778, pa. 823. 

On the other pait, Dr. Mufgrave, not yet fatisfied, 
gave in another paper, being “ Keafons for diffenting 
from the Report of the Committee appointed to conli- 
der of Mr. Wilfon’s Experiments ; including Remarks 
on fome Experiments exhibited by Mr. Nairne;’* wdiiih 
Is inferted, by miftakc, before Mr. Nairne's paper, 
being at pa. 80 1 of the fame volume. 

And farther, Mr. Wilfon has another paper, on the 
fame fubjed, at pa. ^99 of the fame vol. of Philof* 
Tranf. for 1778, entitled, ** New Experiments upon 
the Leyden Phial, refpcdling the termination of con- 
dudors repeating and affcrtnig his former objedions 
and reafonings. 

In the Philof. Tranf. too for 1779, pa. 454, Mr. 
William Swift has a paper, farther profecuting this 
fubjed ; making various experiments with fimpe and 
ingenious machinery, with models of houfes and clouds, 
and with various forti of condudors. From the expe- 
rimenta he infers in general, that ** the whole current 
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of thefe experiments tends to (hew the preference of 
Points to balls, in order to diminilh and draw off the 
cledric matter when excited, or to prevent it fiom ac- 
cumulating j and confequcntly the piopriety or even 
riecefTity of terminating all condinflors with Points, to 
make them iifeful to prevent damage to buildings from 
lightning. Nay the very conftruCtion of all dcdrical 
machines, in which it is neccflaiy to round all the parts, 
and to avoid making edges and points \\hich would 
hinder the matter from being excited, will, 1 imagine, 
on refltdion, be another conoborating proof of the rc- 
fult of the experiments themfelves.’’ 

There were other communications made to the Royal 
Society upon the Important fubjeft of condudors, fome 
of which were lecclved, and others rejeded. Upon the 
whole, this conteft turned out one of the molt extra- 
oidinary that ever was agitated in the Society; pro- 
ducing the rnoft remarkable dllputcs, differences, and 
Riange confcquences, that ever the Society experienced 
fmee it had exillence ; confequences which manifcited 
thcuifclvc'd in various inllancesfor many years after, and 
which continuj- to this very day. All which, w'ith the 
N.iriuus fecret fprings and ahonhhing intiigucs, may 
p.oLably be given to the public on iume other occa- 
fion. 

PoiKT, in Geometry, according to Euclid, is that 
wliicli has no jjaits, or is indivilihle; being void of all 
exteiifion, botli astoluigth, breadth, and depth. 

This is what is otherwife called the IVJathcmatical 
Point, being tlte interfedion of two lines, and is only 
conceived liy the imagination ; yet it is in this that all 
n’a;;nilude begins and ends ; the extremes of a line 
bemg Points; the extremes of a fuiface, Lines ; and the 
ixttemcs of a folid, Surfaces. And hence iome define a 
I'oiiit, the inceptive of magnitude. 

P t oportian of Mathematical Po i n rs. It is a^popular 
that all infinites arc equal ; yet is the maxim 
lalle, whether of quantities infinitely gieat, or infinitely 
little. Dr. Halley indanees in fcveral infinite quanti- 
ties which are in a finite propoillon to each other ; and 
foine that are infinitely -grcatei than otlicis. Sec In- 
finite ^antUy, 

And the fame is (hewn by Mr. Psoharts, of infinitely 
fmali quantities, or mathematical Points. He demon- 
Uiates, for Initaiicc, that the Points of contad between 
cut lea and their tangents, are in the fubdupheate ratio 
^f the diameters of the circles ; that the Point of con- 
between a fphcrc and a plane is infinitely greater 
than between a circle and a line ; and that the Points 
or cuntad in Ipheres of different magnitudes, aie to 
^ach other as the diameters of the (pheres. Philuf. 
Iranf. vol. 27, pa. 470. 

Conjugate Point, is ufed for that Point inta which 
the conjugate oval, belonging to fome kind of curves, 
vanilhes. Maqlaurin’s Alg. pa. 308. 

Point of Coturary Flexure^ 6cc, See Inflexion, 
^etrogradation or Retrogression, &e, of Oiirves. 

Points of the Contpafi^ or Nofizen, &c, in Geoj'ra- 
?hy and Navigation,, arc the Points of divifion wheji the 
^ ‘Ole circle, quite around, is divided into 32 equal 
1 hefe Points are therefore at the dillance o( the 
320 part of the circle, or 11® 15', from each other; 

5® if I ii the dillance of the half points, and 
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a® 48 ii the diffance of the quarter Points. See- 
Compass. The principal of thefe arc the four cardi- 
nal Points, eafi, wtH, norfh and fouth. 

Point is alfo iifcd for a cape or headland, jutting out 
into the fea.— — I he foamen fay two Points of land 
arc one in another, when they arc in a iiglit line, the 
one behind the »jtlicr. 

PoiN r, in Optics. As the 

PoiN i oj Concotufe ov Crmrurrenref is that in which 
conyeiging rays nuct ; and is iifLially called focus. 

loisrof lJiJptffioHf htiuicncc^ Uejhtiion^ Rrfrailton^ 
and^vWW Foin r. See thefe fcveial aiiichs. 

Point, in Peifpcdive, is a term iiled for various 
paits or places, with regard to the peifpcdive plane. 
As, the 

i^)lNT (f Si^htj or oftheeyey called alfo the Ptinclpal 
Point, is the Point on a plane where a pcrjjendieular 
fioin the eye meets it. Sec Perspfc i ivii. 

Some authors, however, by the Point of Sight,, or 
Vilion, mean the Point where the eye is adually placed,, 
and whcie all the rays terminate. See Persphc nvE. 

PoiN r (f Dijlaticcy is a Point in a horizontal line, at 
the fame dillance fiom the pniiei[>al 1‘oint as the eye is 
from the fame. See Pfrspfctive. 

7 A//v/ Point, is a Point taken at diferetion In ilio 
line of dillance, wliere all the diagonals meet that are 
drawn fiotn the divifions of the geometrical plane. 

Ohjillroe PoiMT, is a Poinl on a geometrical plane, 
whole rcprcfeutatlon on llie perfpedivc plane is re- 
quired. 

Jitliknlal Pointy and Fifual Poin't. Sec Acci- 
Di-NTALand Visual. 

Point of Vic<iVy with regard to Building, Painting, 
kCy is a Point at a certain dillance from a building, or 
other ohjed, where the rye has the moll advautagcoLis 
view or profpedb of the fame. And this J^^^llt is iifually 
at a dillance equal to tiu height of the building. 

Point, in Phyfics, is the finallcll or leaK* fenlilile 
ohjed of fight, marked with a pen, or point of a 
coinpafs, or the like, d’his is populaily e.iIKd .1 Phvlic.il 
Point, and of lurh does all pliylical magnitude coi.illl. 

Point-Blanc, Poinhljlankt in (jiiiincry, deiiotea 
the horizontal or level pohtion of a guiij or liaving its 
muzzle neither elevated nor dtprellcd. zVnd the I'oiril- 
blanc range, is the dillance the (hot goes, bcfoic it 
llrikts the level ground, when difehargtd in the hoii- 
zontal or Poiiit-blanc dirtdion. Or ionutimes thij 
means the dillance the ball goes lioiizontally in a Itraighl- 
lin(*d dirediun. 

POINTING, in Artillery and Gunnery, is the biy- 
ing a piece of ordnance in any jnopoftd ilirtdion, ci- 
ther horizontal, or elevated, or deprelled, to any .in- 
gle. This 18 uiually clfcded by mciuvj of the gunnel S 
quadrant, which, being applied to, 01 in, tlie muzzle 
of the piece, (hews by a plummet the degree of eleva- 
tion or depreflfion. 

Pointing, in Navigation, is the marking on tlic 

chart in what Point, or plate, the vefiel is. iThisis 

done by means of the hilitudc and longitude, fter 
thefe are known, or found by obfervation or computa- 
tion. Tiius, draw a line, with a pencil, acrols the 
chart according to the latitude ; and another acrofs tlic 
Other way according to the longitude ; tfien the inter - 

fedluu. 
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fcAion of th^fc two lio^ js tho Point or place on 
the chart where the (hip iaj which is then marked 
black with a pen, and the pencil lines rubbed out, 
From the Point or olacc, thus found, the chart readily 
fhews the dircdl diUance and couife run, as alfo yet to 
run to the intended port, 

POLAP, fomething that relates to the poles of the 
world ! as polar virtue, polar tendency. 

Polar Circles t are two IcfTer circles of the fphere, 
or globe, one round each pole, and at the fame dif- 
tan« from it as is equal to the fun^s greateft declination 
or the obliquity of the ecliptic ; ihat is, at prefent 
23® 28'.— The fpace included within each polar circle, 
is the frigid zone ; and to every part of this fpace, tlic 
fun never fets at fome time of the year, and never rifes 

anotiier time ; each of thefe being a longer duration 
as the place is nearer the pole. 

Polar Dials^ are fuch as have their planes parallel 
to foinc great circle pading through the poles, or to 
fome one of the hour-circles ; fo that the pole is neither 
elevated abpve the plane, nor deprefled below it.— ‘This 
dial, therefore, can have no centre ; and confeqiieiitly 
its Itylc, fubhyle, and hour-lines, are parallel. — This 
will therefore be an horizontal dial to thofe who live at 
the equator. 

VoLh?. Projedion^ Is a rcprcfentatlonof the earth, or 
licavens, projcftcd on the plane of one of the polar 
elides. 

Polar arc thofe parts of the caitU which 
lie near the n.oith and fouth poles. 

POLARITY, the quality of a thing having poles, 
or pointing to^ or refpccling fome pole : as the magne- 
tic needle, 5 cc. 

By heating an iron bar, and letting It cool again in a 
vertical pofition, It acquires’ a polarity, or magnetic 
virtue ; the lower end becoming the north pole, and the 
upper end the fouth pole. Rut iron bars acquire a po- 
larity by barely continuing a long time in an ered pofi- 
tion, even without heating them. Thus, the upright 
iron bars of fome windows, &c, aic often found to 
h«\ve poles : Nay, an Iron rod acquires a polarity, by 
the mere holding it ere£l ; the lower end, in that cafe, 
attradlng the fouth end of a magnetic needle ; and the 
upper, the north end. Rut thefe poles are mutable, 
ajid fliift with the fituation of the rod. 

Some modern writers, particularly Dr. Higgins, in 
Ills PhilofopUical Effay concerning Light, have main- 
tained the polarity of the paits of matter, or that their 
fimple attrafllons arc more forcible in one diredion, or 
axis of each atom, than in any other. 

POLES, in Aftranomy, the cxtremltifs of the axis 
upon which the whole fphere of the world revolves \ or 
the points on the furfacc of the fphere through which 
the axis palTes. Thefe arc on every fide at the diftance 
of a quadrant, or 00°, from every point of the equinoc- 
tial, and are called, by way of eminence, the poles of 
the world. That which is vifiblc to us in Europe, or 
raifed above our horizon, is called the Ardic or North 
Pole; and its oppofitc one, tlic Aotardic or South 
Pole. 

Poles, in Geography, are the extremities of the 
carth^s axis; or the points. on the furface of the earth 
^ough which « the axis paEbs. Of wbichi that ekvaud 


above our horizon is called the Arftic or North' Pole • 
and the opimfite one, the Antai^icor South Pole, 

In conlequcncc of the fituation of the Poles, with 
the Inclination of the earth's axis, and its parallclifm 
during the annual motion of our globe round the fun, 
the Poles have only one day aud one night throughout 
the year, each being half a year in length. And be- 
caufe of the obliquity with which the rays of the fun 
fall upon the polar regions, and the great length of the 
night in the winter feafon, it is commonly fuppofed the 
cold is fo intenfe, that thofe parts of the globe whiih 
lie near the Poles have never been fully explored, though 
the attempt has been repeatedly made by the mod cele- 
brated navigators. And yet DivHalley was of opinion, 
that the folditial day, at the Pole, is as hot as at the 
equator when the fun is in the zenith ; becaufe all the 
24 hours of that day under the Pole the fun-beams aic 
inclined to thehoilzon in an angle of 23® 28' ; wherens 
at the equator, though the fun becomes vertical, yet he 
(bines no more than 1 2 hours, being abfent the other 
12 hours ; and befides, that during 3 hours 8 minutes 
of the 12 hours which he is above the horizon there, he 
isgot fomuch elevated as at the Pole. Experience how- 
cvl^ccmsto (liew that this opinion and reafoning of Dr. 
Haffiy arc not well founded : for in all the parts of the 
caith that w'e know, the middle of fuinmcr is always tlv* 
lefshot the fartlicr the place is from the equator, or the 
nearer it is to the Pole, 

The great objcdl for which navigators have venturi d 
themfelves in the frozen feas about the north pole, was 
to find out a moie quick and ready palfage to the Eall 
Indies. And this lus been attempted three feveral ways : 
6ne by coafting along the northern parts of Euiope aud 
Afia, called the north*ea(l paffagC; another, by failing 
round the northern part of the American continent, 
called the north-wxhl palfage ; and the third, by failing 
direftly over the pole itftlr. 

The i^olTibility of fucceeding In the north-eaft was for 
a long time believed ; and-in the lall century many na- 
vigators, particularly the Hollanders, attempted it with 
great foititude and perfeverdnee. Rut it was always 
found impolTiblc to furmount the obftacles which nature 
had thrown in the way ; and fubfequent attempts have 
in a manner demonftrated the irapolfibility of ever fail- 
ing eaftward along the northern coall of Afia, The 
reafon of this impoffibility is, that in proportion to the 
extent of land, the cold is always greater in winter, and 
vice verfa. This is the cafe even in temperate climates; 
but much more fo in thofe frozen regions when the 
fun 8 influence, even in fummer, is but fraall. Hence, 
^3 the continent of Ada extends a vail way from well 
to ead, and has beddes the continent of Europe joined 
to it on the weft, it follows, that about the middle part 
of that tra£l of land the cold (hould be greater tlian 
any where clfe. Experience baa determined this to be 
fad; and it now appeal s, that about the middle of 
the northern part 0/ Ada, the ice never thaws ; neither 
have even the hardy Ruftiaos apd Siberians themfelves 
been able to overcome the difllcuitka tbey meet with in 
that part of their voyages. 

With regard to the nOrthoreft paf&ge, the fame dif- 
ficuUiea occur as in the other* According £0 Captain 
CookV voyage, it appeaii that if. there many ftrni^ 

which 
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vhiMj diVMkf the continent of America into two, it 
muil lie in t higher latitude than 70®, nnd confcqnently 
be perpetually froaen 'up. And therefore if a north- 
weft paflage can he found, it muft be by failhjg round 
the whole American continent, in (lead of fcckinga paf- 
fage through it, which fomc have fuppofed to exift in 
the bottom of Baffin^® Bay. But the extent of the 
American continent to the northward is yet unknown ; 
and there is a poflibility of its beii^ joined to that part 
of Afia between the Piafida and Chatanga, which has 
never yet been circumnavigated. Indeed a rumour has 
lately gone abroad of fome remarkable inlet being ob- 
lervcd on the weftern coaft of North America, which it 
is guefted may poftibly lead to fome communication 
with the eallcrn lide, by the lakes, or a paftage into 
Hudfon's Bay : but there feems little or no probability 
of any fucceis this way, in which many fruitlcfs at- 
tempts have been made at various times. It remains 
therefore to confider, whether there is any pro- 
bability of attaining the wilhed-for paflage by failing 
diie£lly north, between the caftem and W'cftern conti- 
nents. 

The late celebrated mathematician, Mr. Maclaurin, 
was fo fully perfuaded of the prafticability of paflingby 
this way to the South and Indian fcas, that heufedto 
lay, if his other avocations would permit, he w'ould 
undertake the voyage of trial, even at his own cx- 
pcnce. 

The praAicabillty of this method, which w^ould lead 
diiedtly to the Pole itfclf, has alfobeeii ingenioufly fup- 
portedby Mr. Daines Barrington, in fome trafts pub- 
hiht'd in the years 1775 confctjuence of 

the unfuccefsful attempt made by captain Phipps in the 
year 1773, to reach a higher northern latitude than 
h 1°, Mr. Barrington inftanccs a great number of navi- 
gat()rs who have reached very liigh northern latitudes ; 
nay, fomc who have been at the Pole itfelf, or gone be- 
yond it. From all which he concludes, that if the 
▼oyage be attempted at a proper time of the year, there 
would not be any great difficulty in reaching the Pole, 
i’hofe vail pieces of ice which commonly obftru^l: the 
navigators, he thinks, proceed from the mouths of the 
gieat Afialic rivers which run northward into the frozen 
ocean, and arc driven eaftward and we ft ward by the 
cun eats. But, though we Ihould fuppofe them to 
eonie diredily from the Pole, ftill our author thinks that 
this affords an undeniabk* proof that the Pole itfclf is 
fice from ice ; becaufc, when the pieces- leave it, and 
^‘omc to the fouthward, it is impoffible that they can 
at the fame time accumulate at the Pole. 

The AJijtude or ElwaHon of the Folk, is an arch of 
the meridian intercepted between the Pole and the ho- 
tizon of any places, and is equal to the latitude of the 
place. 

To ohferui the AUitudf of the Pole. With a qua- 
drant, obferve both the greateft and leaft meridian alti- 
tude of the Pole ftar. Then half the fiim of the two 
ahiiudci, .will be the height of the Pole, or the latitude 
\ ; and half the difference of the fame will be 

the diftance of the ftarfrom the Pole. But, foraccu- 
the obferved altitudes fhould be correfted on ac- 
of refradiion, before their fum or difference is 

I la Spherics^ or the Pole of d great circle, is 


ft poirtf upon the Tpherij equally diftafit from part 
of the clrcUmferLMicc of the great circle ; or a point ^6^ 
diftant from the circumferetree in any part of it.— -* 
The zenith and nadir arc Hic Poles of the horizon ; aitd 
the Poles of the equator ate the fame with ihofc of the 
fpherc or globe, 

PoLFs, in Magnetics, are two points in a load- 
ftone, correfponding to the Poles of the world ; one 
pointing to the noith, and tlie other to the fonlh. 

If the ftonebe broken in ever fo many pieces, every 
fragment will ftill have its two Poles. And if a magnet 
bebifcdled by a plane perpendicular to the axis; the 
two points before joined ^iU become oppofite Poles, 
one in each fegment. 

To touch a needle, &c, with a magnet, that part in- 
tended for the north end is touched with tht fouth 
Pole of the magnet ; and that intended for the fouth 
end, with the north Pole ; for the Poles of the nqcdlc 
become contrary to thofc of the mignCt. 

A piece of iron acquires a polatity by only bolding 
it upright ; tho\igh its Poles are not fixed, but (hift, 
apd are inverted as the iron is. Fire dcilroys nil fixed 
Poles ; but it flrengthens the mutable onesw 

Dr. Gilbert fays, the end of a rod being heated, and 
left to cool pomtiug nortliwai'd, it becomes a fixed 
north Pole; if foutliward, a fixed fouth Pole. When 
the end is cooled, held downward, it acquires rather 
more magneiifm than if cooled horizontally toward* 
the north. But the bell way is to cool it a little in- 
clined to the north. Repeating the operations of heal- 
ing and cooling does not increafe the effect. 

Dr. Power fays, if a rod be held northwards, and 
the north end be hammered in that pofitlon, it will be- 
come a fixed north Pole ; and conlrarily if the fouth 
end be hammered. The heavier the blows are, catef/s 
paribus, the ftrotigcr will the magnetiftn be ; and a few 
hard blows liave as muth effedt as a great nuniber. 
And what is faid of linmmcring, is to be Iikcwifc iin- 
derftood of filing, grinding, fawing, 6cc ; nay, a gen- 
tle rubbing, when long continued, will produce Poles. 

Old punches and drills have all fixed north poles ; 
becaufc they are almoft conftantly ufed downwaids. 
New drills have cither mutable Poles, or weak north 
ones. Drilling with fuch a one fouthward horizontally, 
it is a chance if you produce a fixed fouth Pole; much 
Icfs if you drill fouth downwards ; but by drilling fouth 
upwards, you always make a fixed fouth Pole. 

^r. Ballard fays, that In 6 or 7 drills, m.idc In his 
prcfcncc, the bit of each became a north Pole, merely 
by hardening, 

A weak fixed Pole may degenerate into it mutable 
one in a day, or even in a few minutes, by holding it 
in a pofition contrary to its pole. The loudftone itfclf 
will not make a fixed Pole in every piece pf iron ; if the 
irou be thick, It is ucceflary that it have fomc confi- 
dcrablc length. 

Pole of a Glafst in Optics, Is the thickeft part pf a 
convex gJafs» or the thinneft part of a concave one j 
being the fame as what is otherwife called the vertex of 
thcglafs; and which, when truly ground, is cx'jtlly m 
the middle of its furfacc. 

Pots, or Rad^ in Surveying, is a lineal mcafurc 
containing 5 5. yards, or 1 6 ^ feet.— The fquftre of it is c«lU 
<d ft fqiuarc Pole ; but more ufually a pct'ch, ur a rod. 

Pole- 
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Polt^Star, Is a flar of the 2d magnitude near the 
north Pole, in the end of the tail of Urfa Minor, or 
the Li^Ie Bear. It# mean place in the heavens for the 
beginning of 1790, was as follows r viz, 

Right Afeenfion • • 12® 31' 47^'' 

Annua) variut. in ditto - 034 

Declinnlion - - 88 II 8 

Annual varlat, in ditto - 00 19/51 

The nearnefs of this ftar to the Pole, on which ac- 
count it is always above the horizon in thefe northern 
latitudes, makes it very ufeful in Navigation, See, for 
sictcnninlng the meridian ‘line, the elevation of Pole, 

, and conftquently the latitude of the place, &c. 

^ POI^EMOSCOPE, In Optics, an oblique kind of 
profpe^five glafs, contrived for the feeing of objc6fs 
^hat do not lie dircftly before the eye. It was in- 
vented' by Heveliuu, in 1637, and is the fame as Opera 
'G/ii/s ; which fee. 

rOIilTICAL Arithmetic, the application of arith- 
metical calculations to political ufes and fiihjcAs ; fucli 
as the public revenues, the number of people, the extent 
and vulue of lands, taxes, trade, commerce, or what- 
ever relates to the power, ftrength, riches, &c, of a 
nation or ccMnmonwealth. Or, as Davenant conciftly 
defines it, the art of reafoning by figures, upon things 
relating to government. 

The chief authors who have attempted calculations 
of this kind, are, Sir William Petty, Major Graunt, 
Dr. Halley, Dr. Davenant, Mr. King, and Dr. 
Price. 

Sir William Petty, among many other articles, dates 
that, in his time, the people in England were about 
lix millions, and their annual expcncc about 7I. each; 
that the rent of the lands was about eight millions, and 
the intcreds and profits of the perfonal eftates as much ; 
that the rent of the houfts in England was four millions, 
and the profits of the labour of all the people twenty-fix 
millions ycaily ; that the corn ufed in England, at 5s. 
the bpfhcl for wheat, and 28. 6 d. for barley, amounts 
to ten millions per annum ; that the navy of England 
required 36,000 men to man It, and the trade and 
other (hipping about 48,000 ; that the whole people in 
EngUmd, Scothind, and Ireland, together, were about 
nine millions and a half ; and thole in France about 
thirteen millions and a half ; and in the whole world 
about 350 millions ; alfo that the whole cafli of Eng- 
land, in current money, was then about fix millions 
llerling. Bee his Political Arith, p. 74, ^c. 

Mr. Davenant gives fomc good reafons why many of 
Sir W. Petty^s numbers are not to be entirely depended 
on ; and advances others of his own, founded on the 
obfervatious of Mr. Greg, King, Some of the parti- 
culars are, that the laud of England is thirty-nine mil- 
lions of acres ; that the number of people in London 
was about 530,oc>o, and In all England five millions and 
n half, incrcafing 9000 annually, or about the 600th 
part ; the yearly rent of the lands ten millions, and 
that of the houfes two millions ; the produce of all kinds 
of grain 9 millions. Davenant^s Efiay upon the proba- 
ble methods &c, in hii works, vol. 6. 

Major Graunt, in his obfervatlons on the bills of mor- 
tality, computes, that there arc 39,000 fquare miles of 
land in Eiigland| or 25 million acres in England and 


Wales, and *4,600,000 perfons, making about ; acres 
and a half to each petfon j that the people of London 
w’cre 640,000 ; and ftates the feveral numbers of per- 
fons living at the dilFcrent ages. 

Sir William Petty, in his difeourfe about duplicate 
proportion, farther ihites, that it Is found by expe- 
rience, that then; are inure perfons living between 16 
and 26 than of any oihtr age ; and from thence he in- 
fers, that the fqiintc roots of every* number of men’s 
ages under 16, whufe root is 4, (hew the propoitiou 
or the probability of fuch perfons reaching the age of 
70 years : tlunq the probability of reaching that age by 
pcrfoiiB of the 

ages of 16, 9, 4, and i, 

are as 4, 3, 2, I, refpedllvely. 

Alfo that the prohabilitles of their order of dying, at 
ages above iliat, are as the fquare-roots of tlie age.. ; 
thus, the probabiliiics ot tlie order of dying fird, 

of the ages 16, 2;, 36, i&c, 
aic as the roots 4, 3, 6, &c. 

that is, the odd? arc 5 to 4 that a perfon of 25 diis 
befoic one of 16, and fo on, declining up to 70 ycait* 
of age. 

Di . Halley Ins made a very exadl cfllmation of the 
ill grecs of mortality of mankind, from a curious tablt 
of the birtlis and biiriah', at the city of Brcflan, in bi- 
Icfia ; with an attempt to afccitaln the piicc of annui- 
ties upon Ii\es and many other curious particulars. Sea 
the Philof. Ttanf. vol. 17, pa. <596, Another table of 
this kind is given by Mr. Slmpfon, for the city of Lon- 
don; and fcveial by Dr. Price, for many dilFeieut 
places. 

Mr, Kcifeboom, of Holland, has many and cuiious 
calculations and tables of the fame kind. EVom his ob 
fervations on the biith.|of the people in England, it 
appears, that the number of males born, is in pio- 
portion to that of the females, as 18 to 17 ; and tluit 
the inhabitants living in Holland are in the fame pio- 
portion. 

Dr. Brackenridge has given an efiimate of the num- 
ber of people in England, formed both from the niim* 
her of houfes, and alio from the quantity of bread con- 
fumed. Upon the former piinciple, he finds the num- 
ber of houfes in England and Wales to be about 
900,000 ; and, allowing 6 perfons to each houfe, the 
number of people near 5 millions and a half. And upon 
the latter principle, dlimating the quantity of corn 
confumed at home at 2 millions of quarters, and 3 per- 
fons to every quarter of corn, makes the number of 
people 6 millions. See Philof. Tranf. vol. 49, art. 45 
and 113. 

Dr. Derham, from a great number of regifters of 
places, finds the proportions of the marriages to the births 
and burials ; and Dr. Price has done the fame for Ithl 
more places ; the mediums of all which arc, 

Marriages to 
Births, as 

Dr. Derhaiu - l to 4*7 

Dr. Price • I to 3*9 

Sec Philof. Tranf, Abr. vol. 7, part 4, pa. 46 ; alfo 
Dr. Price’s Obfervations on Reverfionary Payments; 
and the articles of this Dictionary, EjirECTATtuN of 
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j'lfef MotTAUTrj Population, 

&c. 

POLLUX, m Aftronomy, the hind twin, or the 
pofterior part of the conflellation Gemini. 

PoLLU-s: is alfo a fiKcd ftar of thefecond magnitude, 
in the conftcllation Gemini, or the Twins. Sec Cas- 
rori and Pollux, alfo Gemini. 

POLY ACOUSTICS, inftrumentscontiiveJ to nud- 
liply founds, as polyfeopes or multiplying glaflcs do 
the images of ohje^Is. 

POLYLDRON. See PoLfHEnaow. 

POLYGON, in Geometry, a figure of many an- 
gles; and confcqucntly of many lid e 9 alfo ; for every 
figure has as many Tides as anglei. If the angles he all 
equal among themfclves, the polygon is faid to he a re- 
gular one ; otherwife, it is irregular. Polygons alfo 
take particular n^cs according to the number of their 
fnles ; thus a Polygon of 

3 fides is called a trigon, 

4 fidca - a tetragon, 

^ fidcs - a pentagon, 

6 Tides - a hexagon, &c, 

J^nd a circle may he confidcred as a Polygon of an infi- 
nite number of fmall Tides, or as the limit of the Poly- 

guUS. 

Polygons have various properties, as below ; 

1. Every Polygon may be divided into as many tri- 
angles as it hatli Tides. 

2. The angles of any Polygon taken together, make 
uvicc as many right angles, wanting 4, ai the figure 
hath Tides. Thus, if the Polygon has y fides; the 
double of that is lo, from which fubtradling 4, leaves 
6 1 ight angles, or 540 degrees, which is the Turn of the 
S angles of the pentagon. And this propertyi as well 
as the former, belongs to both regular and irregular 
Polygons. 

3. Every regular Polygon may be cither inferibed in 
• circle, or deferibed about it. But not fo of the iric- 
gular ones, except the triangle, and another particular 
cafe as in the following property. 

An equilateral figure inferibed in a circle, is al- 
ways equiangular.-^ But an equiangular figure inferibed 
in a circle is not always equilateral, but only w-hen the 
numher of fides is odd* For if the fidcs be of an even 
number, then they may either be all equal; orelfe half 
of them may be equal, and the other half equal to each 
other, but different from the former half, the equals 
being placed alternately. 

4 * Every Polygon, circumfcribcd about. a circle, is 
equal to a right-angled triangle, of which One leg is the 
of the circle, and the other the perimeter or 
lum of all the fidcs of the Polygon. Or the Polygon 
i» equal to half the rcftangle under its perimeter and the 
taojus of its inferibed circle, or the perpendicular from 
»ts«ntrc upon onfc fide of the Polygon. . 

Hence, the area of a circle being lefa than that of its 
circumfcribing Polygon, and greater than that of its 
T the circle is the limit of the in- 

enbed and circunifenbed Polygons ; in like manner 
>c ciixjQnrfcrefice of the circle U the limit between the 
^umeters of ihe fiud Polygons : confcqucntly ihccir- 

•« equal to a riglit-anglcd triangle, having one leg 

V OL. 11 , 


equal to the radius, and the other leg equal \6 the Hr-* 
cumfercncc; and therefore its area is found by multi* 
plying half the circumfercnpc Iry half the diaiwRer. In 
like manner, the area of any Polygon is fomid bv muL 
tiplying half its peiimctcr by the perpendicular deinit- 
ted fiom the centre upon one fide. 

The follow'ing Table exhibits the mod rriuaik' 
able particulars in all tlic Polygons, up to the ilodcc-igoii 
of 12 fides; viz, the angle at the c nire /\OP>, the 
angle of the Polygon C or CAB ov double t)f OAb, 
and the area of the Polygon when each fide AB is 
(See the following figure.) 


Na of 

Name o( 

Ang. 0 

Ang. C. 

Aica. 

tiici. 

Polygon. 

at cent. 

of Polyg. 

3 

Trigon 

I 20 ® 

60® 

0^4330127 

4 

Tetragon 

90 

90 

1 *0000000 

5 

Pentagon 

72 

108 

17^04774 

6 

Hexagon 

60 

120 

2*5980702 

7 

Heptagon 

51? 1 

I28J 

3 *^ 359»24 

B 

0£lagon 

4 S 

135 : 

4*8284271 

9 

Nonagon 

40 

MO 

6*1818242 

10 

Decagon 


144 

7*6942088 

1 1 

Undccagon 

3^1 T 1 

147 A 

9 ' 3^'^6399 

12 

Dodecagon 

30 

ifo 1 

j 11*1961524 


By means of the numbers in this Table, any Poly- 
gons may be conftrufted, or their areas found : thus, 
(ift) To inferiht a Polygon in a ^iven Circle, At the 
centre make the angle '0 equal to the angle at the cen- 
tre of the propofed Polygon, foiiqd in the 3d column 
of the Table, the legs cutting the circle in A and B ; 
and join A and B which will be one fide of the Poly- 
gon. Then take AB between the compafTes, and ap- 
ply ft continually round the circumferuice, to com- 
plete the Polygon. 

(2d) the given Line AB /<? Jeftrihe a regular 
Polygon, From the extremities draw tlie two lines AO 
and BO, making the angles A and B each equal to half 
the angle of the Polygon, found in the 4th column of 
the Table, and their intcrfedlion O will be the centre 
of the circumfcribcd circle ; then apply AB continually 
round the circumference as before. 

(3d) To defer ihe a Polygon about a giwn Circle, 

At the centre O make the angle 
of the centre as in the ift art. 
its legs cutting the circle in a 
and 0: join ab, and parallel to 
it draw AB to touch the circle ; 
and meeting Oa and pro- 
duced in A and B : with the ra- 
dius OAj or OB, deferibe a cir- 
cle, and around its circumfe- 
fenoc Apply continual AB, Which Will complete the Po- 
lygon as before. 

(4lh) To jimi the Area of amy regular P^ygom^^ 
Multiply the (quare of its fide by the tabular area, 
found on the line of its name in the lafi .column of the 
Table, and the product will be th« area. Thus, to 

L 1 find 
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0*4330127 

400 

173*2050800 


^nd tlie area of the tn'wn, 
or equilateral triangle, wTiofe 
fide is Ifc. The fqiiare of 20 
being 400, multiply the tabu- 
lar area *4330127 by 400, as 
in the margin, and tlic produ(S!k 
173*20508 will be the area. 

6, There are feveral curious algebraical theorems for 
infcribiiig Polygons in circles, or finding the chord of 
any propofed part of the circumference, which is the 
fame as angular feftiuiis. Thefe kinds of fetfions, or 
parts and multiples of arcs, were firft treated of by 
Vieta, as fhewn m the Introdudion to my Log. pa. 9, 
and fincc purfued by feveral other mathematicians, in 
whofe works tliey are ufually to be found. Many other 
particulars relating to Polygons may alfo befecn in niy 
Menfuration, 2d edit. pa. 20, 21, 22, 23, 113, kc. 

Polygon, in Fortification, denotes the figure or 
perimeter of a fortrefs, or fortified place. Tins is ci- 
ther Exterior or Interior. 


Exterior Polygon is the perimeter or figure formed 
by lines connedtng the points of the bailions to one 
another, quite round the woik. And 

Interior Polygon, is the perimeter or figure formed 
by lines conueding the centres of the bauions, quite 
around. 

Line of Polygons, is a line on fomc fedors, con- 
taining the homologous tides of the lull nine regular 
Polygons inferibed m the fame circle ; viz, from an 
tquilateral triangle to a dodecagon. 

POLYGONAL Numhersy are the continual or fuc- 
ceflive fums of a rank of any arithmcticals beginning at 
If and regularly increafing ; and therefore are the firft 
order of hgurate numbers ; they are called Polygonals, 
becaufe tlie number of points in them may be arranged 
in the form of the feveral Polygonal figures in geome- 
try, as is illuft rated umler the article Figurate 
J^umlerSf which fee. 

The feveral forts of Polygonal numbers, viz, the 
triangles, fquares, pentagons, hexagons, kc, are form- 
ed from the addition oi the terms of the arithmetical 
ferics, having refpedively their common difference 
I, 2, 3, 4, kc i viz, if the common difference of the 
anthmeticals be i, the fums of their terms -will form 
the triangles j if 2, thcfiniarcs; if 3, the pentagons 
if 4, the hexagons, &c. Thus : 


C Arith. Progref. i, 2, 3, 4, 6, 7. 

J Triang. Nos, i , 3 , 6 , 10 » 15 , 21 , 28 .. 

f Arith. Progref, i , 3 , 5, 7 , 9 , ii , 13 . 

\ Square Numbers i , 4 , 9 , 16 , 25 , 36 , 49 . 

f Arith. Progref. 1 , 4 , 7 j IQ > 13 > 16 , ig . 

^Pentagonal Nos. i , 5 , 12 , 22 , 35 , 51 , 70 , 
r Arith, Progref. i, 5, 9,13,17,21,25. 
iHexagonalNos. i , S , 15 , 28 ^ 45 , 66 , 91 


The SiJe of a Polygonal number is the number of 
points in each fide of the Polygonal figure when the 
points in the number are ranged in that form. And 
this is alfo the fame as the nuroUr of terms of the arith- 
mcticals that arc added together ia compofing the Po* 


lygonal number ; 6r, in fhort, it is the number of the 
term from the beginning. So, in tiie 2d or fquare#, 


12 3 4 . 

• • • • 

• • • 

• • • • • • 

s • • • 

• • • • • # 

• ♦ * 

• • « « 

149 16 

the fide of the firft (i) is i, that of the fccond (4) is 
2, that of the third (9) is 3, that of the fourth (16) 
is 4, and fo on. And 

The u^/ig/eSf or Numbers of Angles, are the fame hi 
thofe of the figure from which the number takes its 
name. So the angles of the triangular numbers arc 
of the fquare ones 4, of the pentagonals 5, of the 
hcxagonuls 6, and fo on. Hcjicc, the angles au : 
more than the common dlinrciicc of the aiithmctuAl 
ferics from which any rank of PuI)goijals is finincd. 
fo the arithmetical ftries has for its common diftcrciK e 
the number i or 2 or 3 &c as follows, vi/, i inthetn- 
angles, 2 in ilie fquarts, 3 in the pentagons, kc ; and, 
in general, if a be tlic number of angles in the Poly- 
gon, then /I — 2 is ~ the common diderence of the 
arithmetical fcrics, or -f 2 =. n the number of au- 
gles, 

pRon, I. 7o find any Polygonal Nimhtr prt.pfd ; 
having given its fide n and anghs a. The Polygoiial 
number being evidently the funi of the arithmetical 
progrcflion whofe number of teims is n and common 
differences — 2, and the fum of an arithmetical pio- 
greflion being equal to half the piodiidt of the extremes 
by the number of terms, the extremes being 1 and 
I 4'^.'»“i = i + « — 1} therefore that 

number, or this fum, will be 


uhl - « . r/ - 2 — 2 ~ ff . - 4 

or -■ ' ■ ' — , wiKi.’ 

2 2 

d is the commoa difference of the arithmcticals that 
form the Polygonal number, and is always 2 lefs ilian 
the number of angles a. 

Hence, for the feveral forts of Polygons, any par- 
ticular number whofe fide is tty will be found from ck 
tlier of thefe two formulx, by ufiftg for d its valius 
I., 2, 3, 4, &c ; which gives thefe following formula 
for tile Polygonal number in each fort, viz, the 


Triangular 

+ n 

2 ’ 

Square^ 

JM* — on 

* ="V 

Pentagonal 

— « 

2 * 

Hexagonal 

4«* — 2« 

2 ’ 

Heptagonal , - 

5"* - 3» 

2 ’r 

ficc. 



PftOB. 2'. To find the Stem (fat^ Numhr of Polygonal 
Numhm of noy Let tae anglctof the Polyg^ 
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he tty or the common difference of the aiitlimeticals 
that form the Polygonals, d ; and n the number of 
terms in thr Polygonal ferit's, wliofe fum is fought; 
tlicn is 

* — 1 , . n +• I ^ — I . » -f I 


• d -f* 


-)«or (- 


1-2 +- 


y 


2 ' ’ 6 

tlie fum of the n terms fought. 

Hence, fubftituting fucccmNely the numbers i, 2, 
(See, for//, there is obtained the following parti- 
cular cafes, or formuhe, for the Turns of n terms of the 
fcveral ranks of l^olygonal numbers, viz, the fum of the 


Triangulars 

Squares 

Pentagonals 


-f 2 

6 

2/i* -b -b I 

6 

3/i* + yi + o 

6 


«• 


Hexagoiuls 

Ileptagonals 

&c 


-b _ r 

6 

-b 3,/ - 2 

7 


POI.YGKAM, in Geometry, a figure confifling 
•f many lines. 

J^Ol.YH KDRON, or Poly for on, a body or fo- 
litl contained by many re<!:\llinear planes or Tides. 

Wlienthd fules of the Polyhedron are regular poly- 
gons, all fimilar and equal, then the Polyhedron be- 
comes a regular body, and may be inferibed in a fphere j 
that is, a ipherc may be deferibed about it, fo that its 
fill face fliall touch all the angles or corners of the folid. 
*^1 lierc are but five of thefe regular bodies, viz, the tc- 
Iraidiou, the hexaedrou or cube, the odacefron, the 
dotUciiedion, and the icofaedron. See Regular 7/o- 
i[)’, ani each of thofe five bodies feyerally. 

(Jfiomonic.'il Poly hi hr ov, is a Rone with feveral 
faces, on which are projeded various kinds of dials. 
Of this fort, that in the J^rivy'-garden, London, now 
gone to ruin, was elleeri-'d the fined in the world. 

Poi.vnrDRON, in Optics. See Polyscope, 
POLYHEDROUS Figurey in Geometry, a folid 
contained under many fides or planes. Sec Polyue- 

BROW 


POLYNOMIAL, in Algebra, a quantity of many 
■amcb or terms, and is otlierwife called a Multinomial. 
Asrt -b 3/; — 2.* -b 4^/, &c. See Multinomial. 

POLYOPTRUM, in Optics, a glafs through which 
objeds ^pear multiplied, but dimiiiirtied. The Polyop- 
trum differs both in llrudure and phenomena from the 
common multiplying glaflcs called Polyliedra or Poly- 


Yo cottflrua the Polyoptrum.’—V 
plane on both fides, and about 3 
•ngers thick, cut out fphericai 
Segments, fcarcc a 5th part of a 
in diameter.— If then the 
glafs be removed to fuch a dif- 
can 

m all the cavities at one view, 
y u wIU fet the hunc objed, as if 


a glafs AB, 



through fo many fcveral concave glaflc.8 as there arc ca- 
vities, and all exceeding fmall — bit this, as an objed- 
glafs, in d tube AHCD, w'hofc aperture AB istqualtn 
the diameter of the glals, and the other CD is equal to 
that of an cye-glais, as for inllance about a finger’s 
breadth. T he length of the tnlie AC is to be accom- 
modated to the objeCt-ghifs .ind eye-glafs, by trial. In, 
CD fit a coin ex eyc-glafs, or in it>5 lleail a mciiifcns 
having the dillancc of its principal focus a little larger 
than the length of the tube ; fo that the point from 
which the rays diverge after refradion in the objed- 
glals, may be in tlie focus. If tlien the eye be applied 
near the eye glafs, a fiiiglc objed will be teen repeated 
as often as tliere are cavities in the ohjed-glafs, but Hill 
diminllhcd. 

POLYSCOPE, or Polvhfdron, in Optics, is a 
multiplying glafs, being a glafs or lens w hich reprcfenti 
a lingle objed to the eye as if It weie many. It eonfilU 
of fcveral plane furfaces, difpofed into a convex fornif 
through every one of vs liieli the objed is feeii. 

Phenomena of the Polyfcope^^x, If feveral rays, as 
EP, AI 3 , CD, fall parallel on tlie furface of a Poly- 



fcope, they wm *11 continue parallel after refradion. If 
then the Polyfeope be flippofed regular, LH, HI, IM 
w ill be as tangents cutting the fpTiencal convex lens in 
F, B, and D; and confequently, ray's falling on the 
points of contnd, interfed the axis. Wheicfore, fince 
therell are parallel to thefe, they will alfo mutually in- 
terfed each other in G. 

Hence, if tlic eye be placed where parallel rays dccuf- 
fatc, rays of the fame objed will be propagated to it 
Hill parallel from the fcveral fides of the glafs. Where- 
fore, fince the ciyllallinc humour, by its convexity, 
unites parallel rays, the rays w’ill be united in as many 
dilFerent points of the retina, Uy by r, as the glafs has 
fides. Confequently the eye, through a Polyfeope, 
fees the objed repeated as many tlimsas there arc Tides. 
And hence, fince rays coining fiom very remote ohieds 
arc parallel, a remote objed is feen tlirough a roly- 
fcopcas often repeated as that has Tides. 

2. If rays AB, AC, AD, coming from a radiant 



point A, fall on fcveral fide* of a regular Polyfeope ; 
L 1 2 aftor 
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aft;«r refraftion tlicy will decufTate In G, and proceed on 
alittle diverging. , 

Hence, it the eye be placed where the raya deculTate 
after coming from the fevcral planes, the rays will be 
propagated to it from the fcvetal planes a little diver- 
ging, or as if they proceeded from different points. But 
fiucc the cryUalliue humour, by its convexity, coUeds 
rays from feveral points into the fame point ; the rays 
will be united in as many different points of the retina, 
4, 3 , f, as the glafs has Tides j and confequently the 
eye, being placed in the focus G, will fee even a mar 
objeTl through the Polyfeope as often repeated as that 
has ficlc3. 

Thus may the Images of objtfts be multiplied in a 
camera obfeura, by placing a Polyfeope at its aperture, 
and adding a convex lens at aduc dlllance from it. And 
It makes a very pleafant appearance, if a prifm be ap. 
plied fo that tlie coloured rays of the fun refrafted fiom 
It be received on the Polyfeope ; for by this meamithey 
will be thrown on a paper or wall near at hand in htllc 
lucid fpccks, much exceeding the brightnefs of any 
precious ftone; and in the focus of the Polyfcojre, 
ivhere the rays dccuffatc (for in tlTis experiment they 
arc received on the convex fide) will be a liar of furprlf- 
ing lullrc. 

Farther, if images be painted in water-colours in the 
areola or little fquares of a Polyfeope, and the glafjbc 
applied to the aperture of a camera obfeura ; the fun’s 
rays, palfiug through it, will carry with them the 
images, and projed them on the oppoHtc wall. — This 
artifice bears a ufcmblance to that other, by which an 
image on paper is projeTlcd on the camera ; viz, by 
wetting the paper with oil, and ftralnlng It light in a 
frame j then applying it to the aperture of the camera 
obfeura, fo that the rays of a candle may pafs through 
it upon the Polyfeope. 

Tq make an Anamorphofu^ or Deformed which 

/hall appear regular and beautiful through a Polyfeope^ or 
Muhtpiftng Glafs, — At one end of a horizontal table 
ere£l another perpendiculaily, upon which a figure may 
be dcfigncd j and on the other end ere£^ another, to 
ferve as a fulcrum or fupport, moveable on the horizon- 
tal one. To the fulcrum apply a plano-convex Poly- 
feope, confilling, for example, of 24 plane triangles ; 
and let the Polyfeope be fitted In a draw-tube, of which 
that end towards the eye may have only a very fmall 
aperture, and a little farther off than the focus. Re- 
move the fulcrum from the other perpendicular table, 
tUl it be out of the dillancc of the focus ; and the more 
fo, aa the image is to be greater. Before the little 
aperture place a lamp \ and trace the luminous areolae 
proje£^ed from the fiaesof the Polyfeope, with a black 
lead pencil, 011 the vertical plane, or a paper applied 
upon lU • . , 

In the feveral areolae, dqfign the different parts of 
an image, in fucha manner^ that, when joined toge- 
ther, they may make one whole, looking every now 
and then through the tube to guide andconreft the co- 
lours, and to fee that the feveral parts niatch and fit 
well together. As to the intermediate fpace, it may 
be filled up with any figures ordefigns at pleafurc, con- 
triving it fo> as that to the naked eye the whole may 
eitbibit fQmc appearance very different from that iotend- 

U appear through the Polyfeope,. 


The eye, pow looking through the fmall aperture of 
the tube, will fee the leveral parts and members dif* 
perfed among the areolae to exhibit one continued image, 
all the intermediate parts difappearing. See Anamos- 

PHOSIS. 

POLYSPASTON, in Mechanics, a machine fo called 
by Vitruvius, confilling of an affemblage of feveral 
pullies, ufed for raifing heavy weights. 

PONTON, or Pontoon, a kind of flat-bottomed 
boat, w^hofe carcafs of wood is lined within and with- 
out with tin. Some nations line them on the outfidc 
only, and that with plates of copper, which is better. 
Our Pontoons are 21 feet long, nearly 5 feet broad, 
and 2 feet 1^ inch deep within. They are carried along 
with an array upon carriages, to make temporary 
bridges, called Pontoon-bridges. Sec the next arti- 
cle, 

PoNTO0N-.5r;Vfe, abridge made of Pontoons flipped 
into the water, and mooted by anchors and o^hcrwilc 
faftened together by ropes, at fmall diftances from one 
another ; then covered by beams of timber paflingovet 
them ; upon which is laid a flooring of boards. By this 
means, whole armies of infantry, cavalry, and artilkiy 
arc quickly palled over rivers. — For want of Pontoorib, 
&c, bridges ate fometimes formed of empty powdtr 
calks, or powder barrels, which fupport the beams and 
flooring, Julius Cscfar and Aulus Gellius both mention 
Pontoons (pontones) ; but theirs were no more than a 
kind of fquarc flat vcflds, proper for cat tying over 
horfe &c. 

PONT-Volant, or Ffyln^’hridge^ is a kind of bt Idge 
ufed in fieges, for furpvlfing a poll oroutwotk that has 
but nanow moats. It is made of two fmall bridges 
laid over each other, and fo contrived that, by means 
of cords and pullies placed along the Tides of the under 
bridge, the upper may be puflted forwards, till it 
join the place where it is defigned to be fixed. The 
whole length of both ought not to be above 5 fathoms, 
left it Ibould break with the weight of the men, 

PORES, arc the fmall interllices between the parti- 
cles of matter which compofe bodies ; and are either 
empty, or filled with fome infenfiblc medium. 

Condenfation and rarefadidu are only performed by 
clofing and opening the Pores. Alf* the tranfparency 
of bodies is fuppofed to arife from their Pores being di- 
redly oppofite to one another. And the matter ot in- 
fen fible perfpiration is conveyed through the Pores of 
fhe cutis. 

Mr. Boyle has a particular effay on the porofity of 
bodies, in which h« proves that the moft folid bodies 
have fome kind of Pores: and indeed if they had not, 
all bodies would be alike fpecifically heavy. 

Sir Ifaac Newton fhews, that bodies arc much more 
rare and porous than is commonly believed. Water, for 
example, is 19 times lighter and rarer than gold ; 
gold itfclf is fo rare, as very readily, and without the 
Icaft oppofition, to tranfroit magnetic effluvia, 
cafily to admit even quickfilver into its pores, and Jo 
let water pafs through it ; for a concave fphcrc of gold 
hath, wh^n filled with water,, and fotdered up, 
preffing it with a great force, fuffered the water to 
fqueeze through it, and ftand all over its outfide, >0 
mukituJes of finall drops like dew, without’ burftinj 
or cracking the gold. Whence it may be concluded, 
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tli«4 goW has mors pores than folid parts, and confe- 
quenSy that water has above 40 times more Pores than 
parts. Hence it is that the magnetic effluvia pafics 
freely through all cold bodies that are not magnetic ; 
and that the rays of light pafs, in right lines, to the 
great cfl: diftanccs ihrou^ pellucid bodies. 

^ PORIME, Porimat in Geometry, a kind of eafy 
lemma, or theorem fo eafily demonftrated, that it is al- 
moft fclf-evident ; fuch, fer example, as that a chord is 
wholly within the circle.— Porime ftands oppofed to 
Aporime, which denotes a propofition fo diincult, a$ 
to be alinoft impolfible to be demonftrated, or effefted. 
Such as thequadiature of thecircle, &c. 

PORISM, Purtjma, in Geometry, has by fomc 
been defined a general theorem, or canon, deduced 
from a geometrical locus, and ferving for the folution 
of other general and difficult problems. Proclus de- 
rives the word from the Greek I ejlahltfl^j and 

conclude from fomething already done and demon- 
ftrated : and accordingly he defines Porifma a theorem 
diawn occafionally from fome other theorem already 
proved : in which fenfe it agrees with what is other- 
wife called corollary. ^ 

PapfHrs fays, a Porifm is that in which fomething was 
propofed to be Inveftigatcd. 

Others derive it from a paja^f^ and make it of 
llic nature of a lemma, or a propofition necefl'ary for 
pairing to another more important one. 

But Dr. Simfon, rejc<^ling the erroneous accounts 
lliathnvc been given of a Porifm, defines it a propofr- 
tion, either in the form of a problem or a theorem, in 
which it Is propofed either to inveftigate, or demou- 
ftratc. 

Euclid wrote three books of Porifms, being a cu- 
lious collcdfion of various things relating to the analyfis 
of the more difficult and genet al problems. Thofe books 
however are loft \ and nothing remains in the works of 
the ancient geometricians concerning thisfubjedf, be- 
fidcs what Pappus has preferved, in a very imperfect 
aud obfeure Hate, In his Matliematical Colle^lions, viz, 
in the introdudion to the 7th book. 

Several attempts have been made to reftore thefe 
writings in fome degree, befides that which Pappus has 
left upon the fubjea. Thus, Fermat has given a few 
propofitions of this kind ; which are to be found in the 
collcdion of Kis works, in folio, 1679, The 

like was done by Bullialdus, in his E:*ercitationc8 Geo- 
metricse, 410, 1657. Dr. Robert Simfo«s gave alfo-a 
fpecimen, in two propofitions, in tht Philof. Tranf. 
vol. 32, pa. 330 ; and befides left behind him a coiifi- 
dcrablc treatife on the fubjed of Porifms, which has 
been printed in an edition of his works, at the ex- 
ptnee of the earl of Stanhope, in 4to, J> 776 * 

The whole three books of Euclid were alfo reftored 
hy that ingCBfioua mathematician Albert Girard, as ap- 
pears by two notices that be gave, firft in his Trigono- 
Ptinted In French, at the Hague, in 1629, and: 
*lfo in Kis edition of the works of Stevinui, printed at 
Ajcydcn in 1634, P®* 459 5 but whether his intention 
publiffiing them was ever carried into execution, I 
havT not been able to learn. 

^ pmr on the fubjed of Porifms, by the 

ycn^ng’fniouf Profeffor Playfiur, has juft beeninlertcd 
Ike 3d volume of the TranJuStwi of the Royal So- 


ciety of Edinburgh. As this paper contains a mimber 
of curious obfcrvalions on the geometry of the Ancients 
in general, as Veil as forms a complete treatife as it 
were on Porifm in particular, a pretty confiderablc ab- 
ftrad of it cannot but be deemed in this place very ufc- 
ful and important. 

“ The reftoration of the ancient books of geometry 
(fays the learned profeirn ) would have been Impoinhle, 
without the coincidence of two circumftances, of which, 
though the one is pmcly acci<]enlal, the other is cIFen- 
tially conneded with the nature of the in ithcmatical 
fcienccs. The firll of thefe ciicumllances in the prefer- 
vation of a ftiort abllrad of thofe books, drawn up by 
Pappus Alcxindriniis, together with a fcrics ot fuch 
lemmata, as he judged ufcful to facilitate the ftudy of 
them. The fecond is, the necefi'ary connedion that 
takes place among the objeds of every mathematical 
work, which, by excluding whatever is arbitrary, makes 
it poffiblc to determine the whole courfe of an invc (li- 
gation, when only a few points in it are known. From 
the union of thefe clrcuinftances, mathematics has en- 

n ed an advantage of which no other branch of know- 
go can partake ; and wliile the critic or t)ie hillorian 
has only been able to lament the fate of thol’e books of 
Livy and Tacitua which arc loft, the geometer has had 
the high fatisfadlion to behold the works of Euclid and 
Apollonius reviving under his hands. 

“ 'File firft reftorcTS of the ancient hooks were not, 
liowever, aware of the full extent of the work which, 
they had undertaken. They thought it fufficient to 
demonllrate the propofitions, which tlicy knew from 
Pappus, to have been contained in thofe books j but 
they did not follow the antient method of invclllgation, 
and few of them appear to have had any idea of the 
elegant and fimple analyfis by which thefe propofitionx 
were originally difeovered, and by which the Greek 
Geometry was peculiarly di/linguiffied, 

“ Among thefe few, Fermat and Halley arc to b# 
particularly remarked. The former, one of the great- 
cil mathematicians of the laft age, and a man in all rc- 
fpe^ls of fuperior abilities, had very juft notions of the 
geometrical analyfis, and appe.irs often abundantly Ikil- 
ful in the ufe of it ; yet in hia reftoration of the Loci 
Plani, it is remarkable, that in the rnoll difficult pro- 
pofitions, he lays a/ide the analytical method, and con- 
tents himfclf with giving the fyiithcrieal dernonftration^ 
The latter, among the grr.it nuinl)cr and variety of hia 
literary occupations, found time for a moil attentive 
ftudy of the ancient mathematicians, and was an in- 
ftance of, what experience ftiews to he much rarer than 
might be expefled, a man equally well acquainted with 
the ancient and the modern geometry, and equally dif- 
pofed to do Juftice to the merit (jf both. Me rellorcdt 
the books ox Apollonius, on the problem Dc Scdlione 
SpatH, according to the true principles of the ancient 
analyfur. ^ « 

l*hcfe books, however, arc but ffiort, io that the 
firft reftoration of confidcrablc cxtcilt that can be reck- 
oned complete, is that of the Loci Plani by Dr. Sim- 
fon, publifhed in 1749, which, if it differs at all from? 
the work it is intended to replace, fcems to do fo only 
by its greater excellence. This much at lead is certain,, 
that the method of the ancient geometers docs not ap- 
pear to greater advantage in the moft entire of theb 

wrltingf^ 
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wrillnt:ffl, than in the rcRoration above mentioned ; and 
tiiat \h\ Siinfoii has often I'acrificed the eleg*ance to 
which his own analyfis would have led, in order to tread 
more ex.'u^fly in what the lemmata of Pappus pointed 
out to lu’in, as the track which Apollonius had pur- 
iiJcd. 

** There was another fubjc^l, that of Ponfms, the 
moll intricate and enigmatical of any thingin the am 
cieiitgcometi V, which was Hill referved to excixnTe tlie 
genius of 1> iSimfon, and to call foith that enthufiartic 
ndiniiation of antiquity, and that unwearied perfeve- 
lance in rtfeavch, for which he wabfo peculiarly dillin- 
guin ed. A treatife in three books, which Euclid had 
compofed on Poiifms, was loll, and all that remained 
concerning them was an abftiadof that treatife,inftrtcd 
by Pappus Akxandrinus in his Mathematical Collec- 
tions, in which, liad it been cjuire, the geometers of 
later times would doub tie fs have found wherewithal to 
confole ihemfe'lves for the lofs of the original w'oik» 
fiat unfortunately it has fiiffertd fo much fiom the in- 
juries of time, that all which we can immediately 
. learn fiom it is, that the Ancients put a high value on 
the propofitions which they called Povifms, and regaul- 
cd them as a very important part of their analyfis. 'l‘hc 
Poiifms of Euclid are faid to be, “ Colkctio artilieio- 
“ filkma multarum rerum qux fpe^ant ad analyfin dif- 
“ Heiliorum et gcncraliiun problematum.” The cu- 
riolity, however, wdiich is excited by this encomium Is 
quickly diiappointed j for when Pappus pro(jeeds to ex- 
plain what a Porifm is, he lays down two dninitions of 
it, one of which is reie^^ed by him as imperfect, while 
the other, which is llated as corre^t^ is too vague and 
iiidelinite to convey any ufeful information. 

** Thcfc defeds might ncverthelefs have ■been fup- 
plled, if the enumeration which he next gives of Eu- 
clid^s Propofitions had been entire ; but on account of 
the extreme brevity of his enunciations, and their refe- 
^•ence to a diagram which is lolt, and for the conftrud- 
ingof which no dliedions are given, they ai call, cx» 
cept one, perfedly unintelligible. For thefc reafons, 
the fragment in qutftiou is lo obfeure, that even to the 
learning and penetration of Dr. Halley, it feemed im- 
poflible that it could ever be explained ; and he there- 
fore concluded, after giving the Greek text with all 
poflible corrednefs, and adding the Latin tranflation, 
** Hadenus Porifmatum defcriptio nec inihi iiitcUeda, 
nec ledori profutura. Neque alitcr fieri potuit, tarn 
** ob defedum fehematis cujus fit mcnlio, quam ob 
“ omifla quaedam et tranfpofita, vclaliter vitiata in pro- 
pofitionis generalis expofiiione, unde quid fibi velit 
** Pappus baud inihi datum eft conjicere. His adde 
didiunvs modum nimis contradum, ac in re dilHcili, 
“ quulis haec eft, minime ufurpandum,” 

** It is true, however, that before this time, Fermat 
had attempted to explain the nature of Porifms, and 
not altogeth|r without fuccA Guiding his conjedures 
by the definitiorv which Pappus cenfurea as imperfed, 
bccaufe it defined Porifms only “ ab accidente,*' ▼«. 
•* Porifma eft quo 4 deficit hypothefi a Tbeoremate Lo- 
call,'’ he formed to himfclfa tolerably juft notion of 
thefe propofitions, and illuftrated his general defeription 
^by examples that arc in effed Porifms. But he was able 
to proceed no farther ; and he neither proved, that his 
hotba of a Porifm was the fame with Euclid’si nor 


attempted to reftore, or explain any one of Euclid’* 
propofitions ; much lefs-didhe fuppofe, that they were 
to beinveftigated by an analyfis peculiar to themfelves. 
And fo iniperfed indq^ was this attempt, that thj 
complete reftoration of the Porifms was neceffary lo 
prove, that Fermat had even approximated to tht 
truth. 

“ All this did not, how'cver, deter Dr^ Simfon from 
turning his thoughts to the fame fubjcd, which he ap- 
pears to have done very early, and long before the 
publication of the Loci Plani in 1749. 

“ The account he gives of his progrefs, and of the 
obftacles he encountered, will be alw'iiys intcrelling to 
mathematicians. Eollquam vero apud Pappum Ic- 
“ geiam, Poiifiuata Euclidls collcdionem fuilfc artifi* 
“ clofiflimam multarum rerum, qux fpedant adanalyfm 
“ diificiliorum et geueralium problematum, magno 
“ defiderlo tenebar, allquid de lis cognofeendi ; quaic 
“ fiepius et uuiltit> varliUpie vliatumPappi propofitio- 
“ ncm generalem, mancain et imperfcclanv turn pri- 
** mum lib. i. 

“ Porifma, quod folum ex omnibus in tribus libnn 
‘‘ integrum adhuc manct, intelligcrc et rcllitueic 
conabar ; frullni tamen, nihil cnim proficicbani. 
“ Cmnque cogitatloiies dc hac re multum niihi tempo- 
“ ris confumpilrint, atqiic molollie admodum cvafcnr.r, 
“ firmiter aniinum iiuluxi h;ec iiunquam in poileinni 
“ invelligare ; jinefcrtlm cum optinuis geometra Hal- 
“ leius fpem omncm de iis intelligeiidisabjecifl'et. Un- 
de quoties menti occurrebant, toties eas arcebam, 
“ Poltea tamen acciclit, ut improvidnin et propofiti im- 
** meniorem invafeiint, meqne dctlimcrint donee tan- 
dem lux qu.edam eft'ulferit, qu;e fpem milii facichat 
inveniendi faltem Pappi propofitioiicm generalem, 
“ qmim quidem multa inveiligationc tandem rtllitiii. 
Haec autem paulo poll una cum Porifmate priiro 
lib. i. imprefiaeft Inter Tranfatlioncs Phil, aniii 1723* 
‘‘ num. 177/^ 

“ The propofitions mentioned, as inferted in the Phi- 
lofophical Tranfuiftions for 1723, are all that Dr. Sim- 
fon publifiied on the fubjed of Porifms during his life, 
though he continued liis invelligations concerning thtm, 
and tucceeded in rclloring a great number of Euclid’n 
propofitions, together with their analyfis. The propu- 
iitions thus relioredform a part of that valuable edition 
of the pofthumous works of this geometer wdiich the 
mathematical world owes to the munificence of the 
late earl Stanhope. 

“ The fubjcd of Porifms is not, however, exhauilal, 

. nor is it yet placed in fo clear a light as to need no fai* 
thcr illuftration. It yet remains to enquire into the 
probable origin of thefe propofitions, that is to fay, la- 
' to the fteps by which the ancient geometers appear to 
have been led to the difeovery of them. ^ 

“ It remains alfo to point out the relations in wln'cn 
they ftand to the other clafles of geometrical truths ; to 
confidcr the fpecics of analyfis, whether geometrical or 
algebraical, that belongs to them ; and, if poflible, to 
aifign the rcafon why they have fo long efcaped the no- 
tice of modem mathematicians. It is to thefe points 


that the following obfervations arc chiefly direcled. 

“ I begin witn deferibing the fteps that appear to 
have led the ancient geometers to the difcov#y of 
rifmi j and muft here fupply the want of exprefs tclu- 
r . monv 
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giony by probable reafonings, futh as aie ncceflury, 
whenever we would trace remote dlicoverics to tiicir 
fources, and which have more weigltL in inathemalics 
than in any other of the fcrenc||. 

“ It cannot be doubted, thS it has been i!ie foliition 
of problems, which, in all ftates of the mathematical 
fcicnccs, has led to the difcovery of moll geometrical 
truths. Th<j fu ll mathematical encpiiiies, in particular, 
mud have occurred in the form of quell ions, where fomc- 
tliing was given, mid fomething requiicd to he done ; 
and by the reafonings ncccdary to anfwer thefe quef- 
tions, or to difeover the relation between the things that 
were given, and thofe that were to be found, many truths 
w’cre luggefted, wdiieh came aftei wards to be the fuh- 
jecds of feparate dernondration. The number of thefe 
was the greater, that the ancient geometers always un- 
dertook the folution of problems with a fci upulous and 
minute attention, which would fcarcely fufler any of the 
collateral truths to efcape their ohfervatiou. AVe know 
from the examples which they ha\e left us, that they 
nt‘\cr confidered a problem as refolved, till they had dif- 
tinguidied all its varieties, and e\ulved feparalely every 
dideient cafe that could occur, carefully remarking 
whatever change might arife in the conilru(flion, from 
any clwingc that wUvS fuppofed to take place among the 
magnitudes which w'cre given. 

“ Now as this captious method of proceeding was 
not better calculated to avoid error, than to lay hold of 
every truth that was eonneded with the main ohjc<il of 
enquiry, thefe geometers foon ohferved, that thci'cw’crc 
many problems which, in certain circuindances, would 
admit of no folution w'hatcvcr, and that the general con- 
Ariiclion by which they were reddved would f.iil, in 
confequenec of a particular relation being fuppofed 
among the quantities which w’cre given. 

“ Such problems were then faid to bccon\c impofii- 
ble ; and it was readily perceived, that this always Iwp- 
ptned, when one of the conditions preferibed was in- 
eonfillent with the reft, fo that the fuppofition of their 
being united in the fame fubjcdl, involved a contradic- 
tion. Thus, w’hcn it was required to divide a given 
line, fo that the re<5langlc under rts fegment, fliould be 
equal to a given fpace, it was evident, that if thisfpace 
w’as greater than the fquare of half the given line, the 
thing required could not polTibly be done ; the two 
conditions, the one defining the magnitude of the line, 
and the other that of the redlangle under its fegments, 
hting then inconfillcnt wdth one another. Hence an in- 
finity of beautiful propofitions concerning the maxima 
and the minima of quantities, or Hie limits of the poflible 
lelations which q^uanutics may Aund in to one aiio^ 

^ ** Such cales as thefe would occur even in the folu- 
tion of the fimplcft problems ; but when geometers 
proceeded to, the anafytis of fuch as were more compli- 
cated, they mulThave remarked, that their conAruc- 
tJons would fometimes fail, for a yeafon dircftly con- 
trary to that which has now been affig^d. InAanccs 
would be found where the lines that, by their interfec- 
tron, were to determine thd thing fought, inAead of 
rntcrfcdling one another, as they did in general, or of 
pot meeting at all, as in the above-mentioned cafe of 
“’'^mbUitv, would coincide witli one another entirely, 
Wo leave the qucitioo of confequence unrcfolvcd. But 


though this cireumAance muA Iiave created eonrulera- 
Lie cinhanaflment to thegeonicteis who iirll ohlciAcd 
it, as being pci haps the only inllancc In which the lan- 
guage of their own leleuce h:ul yet apjieared tlum 
ambiguous or ohfeinc, it would not piohahly \n long 
till they' foim l out the true iiiteipietailoii to he put on 
h* Alter a little rerievion, tluy wmild eonelwde, that 
fmee, ill the general pi oi)lem, the magnitude rctjuirod 
was lulermiiicd l)y the liv.Aii)ii ot tlie two lines 
ahovf mentioned, that is Lo lay, by the points common 
to them bo'Ji ; fo, in the eale of their eotiuldenee, as 
all their po.nts were in eonunon, every one of thefe 
ptiints mnll alloid a loiution ; which fulnlicm^ therefore 
miiA be infinite in nniuher ; and alfo, tliough iuliniteiii 
number, they' imid all he lelated to one aiioihei, and to 
the things given, by certain laws, whielt tlie poll- 
tiqii of the two coinciding lines mull nccelTaiily detei- 
mine. 

On enquiring faither Into the pecnl’aritv' in the 
Ante of the data wliieli lind piodiieed this iiutxjiided 
ixfiill, it might likcwile he remarked, lliat the wlude 
proceeded from one of the eonditioi.a of the problem 
involving anothcr,i)r neceHaiily ineltiding it ; fo that they 
both together made in fid but out, and did not leave 
a fuAicIent number of independent eomlitions, to confine 
the problem to a Angle folution, or to any detennliiato 
number of folutions. It was mit diflieiilt iiftei waids t<w 
perceive, that tliefe cafes of pi oblems formed very cu- 
rious pro^iuions, of an intermciliatc nature between 
problcm4^ud theorems, and that they admitted ‘of 
bciug enunciated feparately, in a manner pceuriarly ele- 
gant and concife. It w’as to fuch jiropoiitjons, fo enun- 
ciated, that the ancient geometers gave the name of Po . 
rifms. ^ 

“ This dcdiK^ion requires to be illuArated by exam- 
ples.” Mr. Playfair then gn’ves fcvenal problems by way 
of illuAration ; one of which, which may here fuAlec 
to Ihevv the method, is as follows ; 

“ A triangle ABC being given, and alfo a point D,, 
to draw through D a Itraight line D(J, fuch, that, 
perpendiculars being drawn to it from the three 
angles of the tiiangle, vi/, AE, BG, CF, the 
film of the two perpendiculars on the fame fide of 
I)G, Aiall be equal to the remaining perpendicu- 
lar; or, that AE and BG together, may be 
equal to CF. 


C 



** Suppofe it done r AB In H, join CH, and 
draw HK perpendicular to 1)G. 

“ Bccaufe AB isbifeded In H, the two pcrpcndicu. 
larsAE and BGare together double of H 1C ; and as they 
are alfo equal to CF by hypothefis, CF mu A be double 
of HK ; and CL of LH- Now, GH is given in 
pofition, and magnitude ; therefore the point L is 

given ; 
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•gitcft j an3 the pointl3 being alfo given, the line DL i* 
given in pofition, which wai* 10 be found. 

The conllriu'^ion was obvious. Bifed AB in H, 
join CH, and take IIL equal to one third of CH ; 
the ftraight linp which joins the points D and Lis the 
line requirid. » 

“ Now, it is plain, that while the triangle ABC re- 
mains the fame, the point L alfo remains the fame, 
uherever the point D may be. The point D may there- 
fore' coincide with L ; and when this happens, the po- 
rtion of the line to be drawn is left undetennined ; that 
is to fay, any line whatever drawn through L will fdtif- 
ty the conditions of the problem. Here therefore we 
have another indcfmite cafe of a problem, and ofeon- 
fequciKTC another Porifni, which may be thus enun- 
< idted : “ A triangle beijig given in polition, a point 
in it may be found, fucTi, that aujr fliaiglit line 
whatever being drawn tliiougli tliat pomf, the perpen- 
diculars drawn to this flraiglit line from the two angles 
fit the triangle wjiich are on one fide of it, will be togc- 
tfier equal to the pcipeudieular that is drawn to the 
fame line from the angle on the other fulc of iu 

** This Poll ffli maybe made much more general; for 
if, Inilcad of the angles of a triangle, we nippofe ever 
fo many points to be given in a plane, a point may be 
found fiicli, that any llraight line being draw'ii through 
it, tliefum of all the papendiculars that fall on that 
line from the given points on one tide of it, is equal to 
the fum of the perpendiculars that fall on it f||m all the 
points oil the otlicr fide of it. ^ 

** Or Hill more generally, any number of points 
being given not in the fame plane, a point may be 
found, thVoueh which if any plane be fuppofedto pafs, 
the fum of all the perpendiculars which fell on that 
plane from the points on one fide of it, is equal to the 
lum of all the perpendiculars that fall on the fame plane 
from the points on the other fide of it. It is unncccf- 
fary to oblVrve, that the point to be found in thefe pro- 
poutions, is no other than the centre of gravity of the 
given points } and that therefore we have here an exam- 
ple of a Forifm very well known to the modern geome- 
ters, though not diitingullhed by them from other theo- 
rems,** 

After fomc examples of other Porifms, and remarks 
upon them, the author then adds, 

** From this account of the origin of Porifms, it 
follows, that a Porifm may be defined, propofuion af- 
the p^tliUty o/Jinding fuch conditions as will render 
a certain prwlem indeterminate ^ or capable of innumerable 
folutions, ' 

“To this definition, the ditTcrent chara^lcrs which 
Pappus has given will apply without difficulty. The 
propofitions deferibed in it like thofe which he men- 
tions, are, ftridlj fpcaking, neither theorems nor pro- 
blems, but of an intermediate nature between both y for 
they neither fimply enunciate a truth to be demon- 
ftrated, nor propofe a queilion to be folved ; but are 
nffirmationa of a truth, in which the determinatiba of 
an unknown quantity is involved. In as far therefore 
as they alTcrt, that a tertain ptoWem may become i|idc- 
tetminate, thenr are of the nature of theorems ; and in 
as fer as they leek to difeover the cOniiitiona by which 
th|t is brought abouti they are of the nature of pro* 
blema. 

6 


« In the preceding definition aHb, -imd the inilancei 
from which it is deduced; tve rbav trace- that imperfeft 
defcription of Porifms which Pappus aferibes to the 
later geometers, viz, ‘tfdnYma eft quod deficit hypo, 
thefi a theoremate locali7* Now, to underftand this, it 
mull be obferyed, that if we take the converfc of one 
of the propofitions called Locif and make the conflruc* 
tion ot the figure a part of the hypothefis, we have 
what was called by the Ancients a Local Theorem, 
And again, if, in enunciating this theorem, that part of 
the hypothefis which contains the conllruftion be fup- 
prefied, the propofuion arifing from thence wiil be a 
rorifm ; for it will enunciate a truth, and will alfo re- 
quire, to the full iinderftanding and inveftigation of that 
truth, that fomething ihould be found, viz, the circuin- 
ilancc in the coiiltnirtion, funpofed to be omittefl. 

“ Thus when wc fay j If from two givLUi points E 
and D ( 2 d fig. above), two lines EF and FD are in- 
fleded to a third point F, fo as to be to one another in* 
a given ratio, the point F is in the circumference of a 
circle given in pofition : we have a Lorur. 

“ But when converfely it is laid ; If a circle ABC, of 
which the centre is O, be given in polition, as alfo a 
point E, and if 1) be taken in the line EO, fo that the 
redanglc EO OD he equal to the fquare of AO, the 
femicliameter of the circle ; and if from E and D, the 
lines EF and DF be inlleded to any point whatever in 
the circumference ABC ; tlit ratio of EE’ to DF will 
be a given ratio, and the fame with that of EA to AD : 
wc have a local theorem. 

“ And, lallly, when it is faid ; If a circle ABC be 
given in pofition, and aHb a point E, a point D may be 
found, fuch, that if the two lines EF and FD be in- 
fleded from E and D to any point whatever F, in the 
circumference, thefe lines fhall have a given ratio to one 
another: the propofition becomes a Porifm, 

“ Here it is evident, that the local theorem is 
changed into a Porifm,^ by leaving out what relates to 
the determination of thc^ point D, and of the given 
ratio. But though all propofitions formed in this way, 
from the converfion of Lociy be Porifms, yet all Porifms 
arc not formed from the converfion of Locu The firfl 
and fccond of the preceding, for inllancc, cannot by 
converfion be changed into Loci ; and therefore the de- 
finition which deferibes all Porifms as being fo conver- 
tible, is not fufficiently comprchenfive. Ferlnat*8 idea 
of Porifms, as has been already obferved, was founded 
wholly on this deftnition, and therefore could not fail 
to be imperfed. 

“ It appears, therefore, that the definition of Po- 
rifms given above -agrees with Pappus’s idea of thefe 
propofitions, as far at lead as can be colleded front the 
imperfed fragments which contain his general dcfcrip- 
tion of them. It agrees alfo \n^ith Dr. Siififon’s 
definitiofv, which is this: “ Forifma eft propofitio in 
qua proponitur demonftrare rem aliquam, vel 
datas effe, cui, vcl quibus, ti^ ct cufiibct ex rebus innu- 
meris, non qiAem datis, fed qusfe ad ea qUse data funt 
eandenv habent rehtionem, convenirc oftendendum eft 
affedionem quandam cominunem in pfopqfitioAc de- 
feriptam. 

“ It cannot be denied, thHtlieEc is a codfiderable 
degne of obfeurity in tbis definition } not withfianding 
which it is certain, that every propofition to which 

appl»« 
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applies muft conbiff % frohhm^tcal part, vi’sb M m qua 
proponitur dcfoouilrare mn aliquam, vd plares datis 
efie/' and alfo a theoretical part, which contains the 
property, or eomwmnit ^eaio, a|^cdof certain things 
which haTC been ipnevioufly (kferibed. 

*< It is alfo evident, that the fubjea of every fuch 
propofition, is the relation between magnitudes of three 
diHcrent kinds; determinate magnitudes which arc 
given ; determinate magnitudes which arc to be found ; 
and indeterminate magnitudes wliich, though unh’mlted 
in number, are conneded vritli the others by fome 
common proj)crty. ^'ow, thefe are cxadly the con- 
ditions contained in the definitions that have been given 
here. 

“ To confirm the truth of this theory of the origin 
of Porifms, or at lead the juilnefs of the notions founded 
oil it, I muft add a quotation from an Effay on the 
fame fubjed, by a member of this focicty, the extent 
and corrednefs of whofe views make every coincidence 
with hisbpinionS peculiarly fliittering. In a paper read 
federal years ago before the PhiTofophical Society, 
Piofeftbr Dugald Stewart defined a PonTm to be “ A 
propofition affirming the poffibility of finding one or 
more of the conditions of an indeterminate theorem.’* 

\\ here, hy an indeterminate theorem, as he had previ- 
qufly explained it, is meant one which exprefles a rela- 
tion between certain quantities that arc indetennmate, 
both in magnitude and in number. The near agreement 
of this with the definition and explanations which have 
been given above, is too obvious to require to be pointed 
out ; and I have only to obferve, that it was not long 
after the publication of Simfon’s pofthumous works, 
when, being both of us occupied in fpcculations con- 
cerning Porifms, we were led fcparatcly to theconclu- 
ftons which I have now Hated. 

** In an enquiry into the origin of Porifms, uhe ety- 
mology of the terra ought not to be forgotten. The 
quedion indeed is not about the derivation of the word 
lh(Kr/A<Xf for concerning that there is no doubt ; but 
about the reafon why this term was applied to the clafs 
of propofitions above deferibed. Two opinions may 
be formed on this fubje^^ and each of them with confi- 
oetiible probability: iwp. One of the fignifications of 
IS to acquire or ohteun / end hence nofKr/x*, the 
thing obtained or gained, 

“ Accordingly, Scapula fays, EJ! vox a geometrh de* 
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thofe particular cafes, where one of the conditio’hs 
m the data involved in it fome one of the reft. Thus a 
particular kind of theorem would be obtained, following 
M a corollary from the folution of the problem : 
artd to this theorem the term might be 

very properly applied, fince, in the ^words of Sca- 
piua, already quoted, tx profejfo thcorematU 
tnjtttvta Jit dmonflratio^ fed tamen ex dimn/iyatit t'tSe 
feqnaiur, 

ado. But though this interpretation agrees fo well 
with the fup^fed origin of Ponfms, it is not free from 
difficulty. The verb has another fignitication, 
to Jnd outi to difeover^ to devife $ and is ufed in thi# 
fenfe by Pappus, when he fays that the propofitions 
called 1 onfms, afford great delight, 

to ihofe ivho are able lo uiiJerJianJ md urjejif 
'. lience comes the act of ftrd'itip out or 


J finding t 

and from irnHatM , in tliis fenfe, the fame 


gate. 

difcO'Vcrlng^ 

author evidently confiders as being derived. IiUi 

words are, livftiTo <arji 3 - 

Ti»»0f4afi>oi. ti<r^no54<r//#v ai/T^ 'tc^orioo/Aavw, tbe Amunis faid., 


Jttmpta qui theorema aliquid^ ex demof^rativo fyUogifmo ne- 
fequens inferentes^ Ulud quqft lucrari meuntur, quod 
non ex prof^o quidem thcorematis bujus hjlituta Jt demons 
fin tamen ex dmonfitatU reBefequatur, In this 
enlc Euclid ufci the word In his Elements of Gcomc- 
where he calls the corollaries of his propofiuon, 
fnfm^a. This circumftance creates a prefumption, 
lat when the Word was applied^to a patticular clafs of 
propofitions, it was meant, in both cafes, to convey 
caily the fame idea, as it is not at all probable, that fo 
orreft a writer as £ucKd> and fo fcrupulous in hisufc 
employ the fame term to exprefs two 
ti which are'perfe6dy different. 'May we not there. 
rorc conjcaurc,.that thefe prop ofitions got the name of 
en^*”'** a reference to their origin. Ac- 

^ to the idea eapladned above, they would in ge- 
luti*A mathematkians when engaged in thcTb- 

problems, and would arife 


that a Porifm is fometking projiff cd for the finding out, 
or difeovering of tlse very thing tropofrd. It f erns fin- 
gular, however, that Porifms lliould have taken their 
name from a circumftancc common to them with fo many 
other geoanctrical tniths; and if this was really the 
cafe, it rmift have been on account of the enigmatical 
form of their enunciations, which required, that in the 
analvfis oftjicfc propofitions, a fort of double difeovery' 
fliould benJade, not only of the Truth, but alfo of the 
Meaning of the very thing which was propof d. They 
inay therefore have been called Porifmata^ or invejliga* 
tions, by way of eminence. 

We mi^ht next proceed to confider the particular 
Porifms which Dr. Simfon has reftored, and to Ihew, 
that every one of them is the indeterminate cafe of fome 
problem. But of this it is fb eafy for any one, who has 
attended to the preceding remarks, to fatisfy himfelf, by 
barely examining the enunciations of thofe propofiLionf, 
that the detail unto which it would lead feems to be un- 
ncceflary. I ffiall therefore go on to make fome oh- 
fervations on that kind of analyfis which is particularly 
adapted to the invefti^tion of Porifms. 

“ If the idea whiA wc have given of thefe propofi- 
tions be juft, it follows, that they' are always to be difr 
covered by confidcring the cafes in which the conftruc- 
tion of a problem fails m confequcncc of the lines which, 
hy their iulcrfeflion, or the points wlxich, by their pofi. 
lion, were to detennine the nwgnitudc required, hap* 

O to coincide with one another— a Porifm may 
re be deduced from the problem it belongs to, in 
the fame manner that the propofitions concerning the 
maxima and minima of quantities are Reduced from the 
problems of w'hicli they fonn the L'miutioiis ; and fuch 
no doubt is the moft natural and moft obvious analyfis of 
which this clafs of propofitions will admit. 

“ It is not, however, the only one that they will ad- 
mit of ; and there are good reafons for wiftiing to bjtl 
provided with another, by means of which, a Poriim that; 
IS any how fufpedlcd to exift, may be found out, inde^ 
pcndently of the general folution of the problem 
which it bdongt. Of thefe reafons, one is, that the^ 
Porifm may pe^ps admit of beinjg mveHigated moro 
eafity than the general problem adraus of being refoivcd; 
M m ' and 
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and another is, that the^ former, in almoft every cafe, 
helps to difeover the ilmpleft an^d moil elegant iulution 
that can be given of the latter. 

“ It is defirable to have a method of inveftigating 
Forilms, which does not require, that we fliOuId have 
previoufly rcfojvcd the problems they arc conneded 
with, and which may always ferve to determine, whe- 
ther to any given problem there be attached a Porifm, 
or not. Dr. Simfon*!i Analyfis may he confidcred as 
anfwcrlng to this defefiption ; for as that geometer did 
not regard thefe pjopofitions at all in the light that is 
done here, nor in relation to their origin, jin indepen- 
dent analyfis of this kind, was the only one that could 
occur to him ; and he has accordingly given one which 
is extremely ingenious, and by no means cafy to 
be invented, but which he ufes with great (kilful- 
nefi and dexterity throughout the whole of his Reftora- 
tion. 

“ It is not eafy to afeertain whether this be the pre- 
clfe method ufed by the Ancients. Dr, Simfon had 
here nothing to dired him but his genius, and has the 
full merit of the firft inventor. It feems probable, how- 
ever, that there is at leall a great affinity between the 
methods, fmeethe lemmata given by Pappus as nccenary 
to Euclid's demonilrations, arc fubfervient alfo to thole 
of our modern geometer. 

** It is, as we have feen, a general principle that a 
problem is converted into a Ponfm, when one, or when 
two, of the conditions of it, ncccflarlly involve in 
them fome one of the reft. Suppofc then that two of 
the conditions arc exadly in that Hate which determines 
the third; then, while they remain fixed or given, 
fiiould that third one be fuppofed to vary, or differ, ever 
fo little, from the ftatc required by the other two, a 
contradidion will enfue. Therefore if, in the hypo- 
thcfis of a problem, the conditions be fo related to one 
another as to render it indeterminate, a Porifm la pro- 
duced ; but if, of the conditions thus related to one 
another, fome one be fuppofed to vary, while the 
others continue the fame, an abfurdiiy follows, and the 
problem becomes impoffiblc. Wherever therefore any 
problem admits loth of an indeterminatcy and an impofflU 
cafoy it if certain y that thefe cafu are nearly related to one 
anolhery and that fome of the conditions by which they are 
producedy are common to loth* 

“ It is fuppofed above, that of the conditions of 
a problem involve in them a third, and w'berever that 
happens, the conclufion which has been deduced will In- 
variably take place. 

But a Porifm may fometimes be fo fimple, as to 
arife from the mere coincidence of one condition of a 
problem with another, though in no cafe whatever,, any 
Kiconfirtency can take place between them. Thus,, in 
the fecond of the foregoing propofitions, the coinci- 
dence of the point given in the problem with another 
point, viz, the centre of gravity of the given triangle, 
tenders the problem indeterminate ; but as there is no 
relation of diftance, or pofition, between thefe points, 
that may not exift, fo the problem has no impoffible 
cafe belonging to it. There are, however, compara- 
tively but ftw Porifms fo fimplc in their origin as this, 
or that atife from problems in which the coaditions are 
(b little complicated ; for it ufually happens, that a pro- 
blem which can become indefinite, may aifo become 


impoffible;- and if fo, the conn^Aion betweep thefs 
cales, which 4ia8 beea already explained, never fails te 
take place. 

** Another fpeciea of irapOflibility may frcqaently 
arife from the porifmatic cafs of a problem, which will 
very much affeft the application of geometry to af. 
tronomy, or any of the fcienccs of experiment or obferi 
vation. For when a problenv is to be refolved by help 
of data furnifhed by experiment or obfervatlon, the 
firft thing to be confidcred is, whether the data fo ob- 
tained, be Efficient for detennining the thing fought ; 
and in this a very erroneous judgment may be formed, 
if we reft fatisfied with a general view or the fubjed ; 
For though the problem may in genenlbe rcfolvedfrom 
the data that wc arc provided w'ith, yet thefe data in<iy 
be fo related to one another in the cafe before us, ihvt 
the problem will become indeterminate, and inftead of 
one folution, will admit of an infinite number. 

Suppofc, for inllance, that it were required to de- 
termine the pofition of a point F from knowing that it 
was fituated in the circumference of a given circlo 
ABC, and alfo from knowing the ratio of its diftanccs 
from two given points E and D ; it is certain that ia 
general thefe data v/ould be fufficient for determining 
the fituatlon of F. But nevcrthelefs, if E and 1) 
(hould be fo fituated, that they were in the fame ftraight 
line w ith the centre of the given circle ; and if tlie red- 
angle under their diftanccs from that centre, were alfa 
equal to the fquare of the radius of the circle, then, the 
pofition of F could not be determined. 

This particular inftance may not indeed occur iu 
any of the pradical applications of geometry ; butthcie 
is one of the fame kind which has adually occurred la 
aftronomy : And as the hiftory of it is not a little 
fingular, affording befides an excellent illuftration of tht) 
nature of Porifms, I hope to be cxcufsd for entering 
into the following detail concerning it. 

Sir Ifaac Newton having demonftrated, that tlie 
trajedory of a comet is a parabola, reduced the atiudl 
determination of the orbit of any particular comtt to 
the folution of a geometrical problem, depending on 
the properties of the parabola, but of fuch confidcra- 
ble difficulty, that it is neceffary to take the affillance 
of a more elementary problem, in order to find, at 
Icaft nearly, the diftance of the comet from the eaith,. 
at the times when It wasobferved. The expedient for 
thispurpofc, fuggtilcd by Newton himfelf, was to con- 
fidcr a fmall part of the comet^s path as redilincal, and 
deferibed witn an uniform motion, fo that four obfer- 
vadons of the comet befng made at moderate intervals of 
time from one another, four ftraight lines would be de- 
termined, vix,, the four lines joining the places of tk 
earth and ibc comet, at the times of obfervation, acrofs 
which if a ftraight line were drawn, fo as to be cut by 
them in. three parts, in the fame ratios with the inter- 
vals of time abovementioned j the line To drawn w ould 
nearly reprefent the comet’s path, and by its interfedion 
with the given lines* would determine, at lead nculy» 
the diftanccs of the comet from the earth at tlic dmeuf 
obfervation, 

** The geometrical problem here employed, of draw- 
ing a line to be divided by four other lines given in po* 
fition, into parts having given patios to one anotbcr> 
had been alitady refotved by Dr. Wattia and Sir Cluif* 

topk^ 
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toplier»Wreii, 'ftnd \6 their fohitions Sir ifaac Newton 
«ddcd three othcisof his own, in different parts of his 
works. Yet none of all thefc geometers obferved that 
peculiarity in ihy)roblem which rendered it inapplicable 
to aftronomy. This was firtl done by M. Dofeovich, 
but not till after many trials, when, on its application 
to the motion of comets, it had never led to any fatif. 
factory refult. The errors it produced in fume inflances 
were fo confiderable, thatZanotti, feeking to determine 
by it the t)rbit of the comet of 1739, that his 

conftruction threw the comet on the lidc of the fun op- 
pofite to that on which he had aftually obferved it. 
This gave occafion to Dofeovicb, feme years aftcrv\ards, 
to examine the different cafes of the problem, and to 
remark that, in one of them, it became indeterminate, 
and that, by a ciirioils coincidence, this happened in the 
only cafe which could be fuppofed applicable to the af- 
ironomic'’! problem abovementioned ; in other words, 
he found, that in the ftatc of the data, which mult 
there always take place, innumerable lines might be 
drawn, that would be all cut in the fame ratio, by the 
four lines given in pofition. This he demonllrated in a 
dllfertation publiflicd at Rome in 17^9, and fi nee that 
time in the third volume of his Opvfcula, A demon lira- 
tiun of it, by the fame author, is alfo infeitcd at the 
end of Caffillon’s Commeiitarv on the Artthmdtca Utii- 
vfrfalJs) where it is deduced from a conftrudlion of the 
general problem, given by Mr. Thomas Simpfon, at the 
end of his Elements of Geometry. The propofition, in 
Bofcovich’s W’ords, is this : Probicma quo qincritur rec- 
ta linea quee quatuor re^las politione datas ita fecet, ut 
tria ejus fegmenta Tint iilvicem in rationc data, evadit 
aliqnando indeterminatnm, ita ut per quodvis pun6)nm 
cujufvis cx iis quatuor feftis duel poffit reda linca, qua? 
ei conditioni facial fatis. 

“ It is nccdlefs, I believe, to remark, that the pro- 
pofition thus enunciated is a Porifm, and that it 
difeovered by Bofcovich, in the fame way, in which I 
have fuppofed PonTms to have been firft difeovered by 
the geometers of antiquity. 

“ A queftion nearly connected with the origin of 
Porifms ft ill remains to be folved, namely, from what 
caufc has it arlfen that propowtions wliich are in them- 
fvlves fo important, and that actually occupied fo confi- 
dcrable a place in the ancient geometry, have been fo 
little remarked in the modern ? It cannot indeed be 
faid, that propofuioni of this kind were wholly un- 
known to the Moderns before the reftoration of what 
Euclid had written concerning them j for befides M» 
Bofcovich^s propofition, of which fo much has been al- 
ready faid, the theorem which afferts, that in every 
fvllem of points there is a centre of gravity, has been 
ftiewn above to be a Porifm and we Hiall fee hereafter, 
that many of the theorems in the higher geo^nelry be- 
l^»»g to the fame clafs of propofttions, VVe may add, 
that fome of the elementary propofitions of geometry 
J|ant Only the proper form of enunciation to be jK-rfect 
Porifms. It is not therefore ftridtly true, that none of 
the prupofitioDSOalled Porifms have been known to the 
Moderns;, but it is certain, that they have not met, 
them, with the attention they met with from the 
Agents, and that 1)1^ liave not beert diftinguilhed aa 
» teparau clais;t)f prdpofitions* The caufc or this dif- 
wnce is unjioitbC^ to be fougbt for in a comparifon 


of the methods employed for the folntion of geomc* 

’ trical problems in ancient and modern times. 

** In the folntion of fuch problems, the geometers of 
antiquity proceeded with theiitmoft caution, and were 
carend to remaik every particular cafe, that is to fay, 
every change in the conftiu^Iion, which any change »n 
tlw ftatc ol the data could produce. The different con- 
ditions from which the foluiions w'erc derived, were 
fuppofed to vary one by one, while the others remained 
the fame ; and all their poftlble combinations being 
thus enumerated, a feparatc folution was given, where- 
ever any confiderable change was obferved to have taken 
[>lacc. 

“ This was fo much the cafe, that the Sa^/o RationU^ 
a geometrical problem of no great difficulty, and one of 
whicli the folntion would be dilpatched, according to 
the methods of the modern geometry, in a fingle page, 
was made by ApolbnlnJ, the fubjedft of atrcatil'c con- 
fiftingof two books. The firft book has feven general 
divifions, and twenty- four cafes ; the fccond, fourtecu 
general divifions, and feventy-three cafes, each of which 
cafes is feparatcly confidered. Nothing, it is evident, 
that was any way connedted with the problem, could 
cfcapc a geometer, w ho proceeded with fuch minutentfs 
of inveftigation. 

«* The fame fcrupulous exaftnefs may be remarked 
in all the other mathematical rcfearchcs of the Ancients; 
and the reafon doubtlefs is, that the geometers of thofe 
ages, however expert they were In the ufc of their ana- 
lylisjhad not fulficicnt expencncc in its powers, to trull 
to the more general applications of it. That principle 
which w'c call the law of continuUyy and wdiich conneds 
the whole fyllcm of mathematical truths by a chain of 
infenfible gradations, was fcarccly known to them, and 
has been unfolded to us, only by a more extenfive know- 
ledge of the mathematical fciences, and by that moil 
perfcdl mode of expreffing the relations of quantity, 
which forms the language of algebra; and it is this 
principle alone which has taught us, that though in tlic 
folution of a problem, it may be impoflible to conduct 
the inveftigation without affuming tne data In a partU 
cular ftate, yet the refult may be perfcftly general^ and 
will accommodate itfclf to every cafe with fuch w'on- 
dcrful verfatility, as is fcarcely credible to the moft ex- 
perienced matlicinatician, and fuch as often forces him 
to ftop, in the midfi: of his calculus, and look back, 
wu’th a mixture of diffidence and admiration, on the 
unforefeen harmony of his conclufions. All this was' 
unknown to the Ancients ; and therefor* they had no 
rcfource, but to apply their analj fis feparatcly to each 
particular cafe, w'ith that extreme caution which has 
juft been deferibed ; and in doing fo, they were likely 
to remark many pcculiaritl«f«, which more exteufive 
views, and more expeditious metluAl* of in\cftigation, 
migh^trhaps have induced tlicui to o\crlcadv. 

“ To reft fbtiftfied, indeed, with too general i-efults, 
and not to dctecnd fufficic*ntly into particular details, 
may be confidered as a vice that naturally arifesout ot 
the excellence of the modem analyfii. The effect 
which thii has had, in conc'ealing from us the clafs of 
piopofitions w'C are now confidering, cannot be better 
lilurti-atedihao by the example of the Porifm difeovered 
by Bofcovich, in the manner related a^ve. Though 
the ’problem from whith that Porifm is derived, wat 
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fefolvcd hy fevcral mathcmaticwitw of the fir (I emJn«iicc, 
Rmonj[T v’nom alCo was Sir IfaRC Ncwton> yet the 
Perijra which, as it happens is the moft important cafe 
of it, was not obferved by any of them. This is the 
more remarkable, that Sir Ifaac Newton takes notice 
of the two muft fimple cafes, in which the problem ob- 
vioufly admits of innumerable folutions, viz, when the 
Lncs given in pofition are cither all parallel, or all meet- 
ing in a point, and thefc two hypothefes he therefore 
exprefsly excepts. Y ct he did not remark, that there 
arc other circumftunces which may render the foliition 
of the problem indeterminate as well as theCe; fo that 
the porifmatic cafe confidcred above, efcaped his obfer- 
valion : and if it efcaped the cbfei vation of one who 
was accu domed to penetrate fo far Into matters infinitely 
more obfeure, It was becaufc he fatisfied himfclf with 
a general conftruilion, without pnrfuingit into its par- 
ticular cafes. Had the folutlon been conduced after 
the manner of Euclid or Apollonius, the Ponfm in 
queftion mud Infallibly have been difeovered.*' 

PORISTIC MetMi Is Uiat which determines when, 
by what means, and how many different ways, a pro- 
blem may be refolvcd. 

PORTA (JoMR Baptista), called alfo in Italy 
Gi/ivan Batifta de la Porta^ of Naples, lived about the 
end of the l6th century, and was famous for his fltill 
in phtlofophy, mathematics, medicine, natural hidory, 
Ice, as well as for his indefatigable endcavouia to im- 
prove and propa^tc the knowledge of tbofc fciences. 
With this view, he not only cftablifhed private fchools 
for particular fciences, but to the utmod of his power 
promoted public academies. He had no fmall (hare in 
eftablilking the academy at Gli Ozioni, at Naples, and 
had one in his own koufe, called dt Seereti, into which 
none were admitted members, but fuch as had made 
fome new difcoverics in nature. He died at Pifa, in 
the kingdom of Naples, in theyear 1615. 

Porta gave the tulleft proof of an cxtcnfivc genius, 
and wrote a great many works j the principal of which 
arc ai follow : 

1. His Natural Magic ; a book abounding with cu* 
f<ous expciiments ; but containing nothing of magic, 
the common acceptation of the word^ as he pretends to 
nothing above th^ power of nature. 

а. SimenU of Curve Lineu 

3. ji Trtatije of Dtfif Hatton, 

4. A Treadfe of Arithmetic* 

5. Concem'tng Secret Letter-writing* 

б , Of OfticM Refrafliens, 

7, A Treatifi of Fortification* 

8 . A Treatifit of Phyfiognomy, 

Befide feme Plays and other pieces of lefs note. 

PORTAiL, in Archite£lurc, the face or frontifpicce 
of a church, viewed on the fide in which the great door 
u placed. It means alfo the great door or gate itfelf of 
a palace, caflle. See* 

PORTAL, in Arebitedure, a term ufed for a little 
fqoare corner of a room, cut off &om the reft ot the 
room by the wainfeot ; frequent in the ancient btsild- 
iogs, but now difuied. 

Fort A I. is foatetimes alfo ufrd Ibr a little gate, jpor- 
where Uwre nee two gatea^ « large fm a unidl 


PoRTAi is fometimes dfo ofed for « kind of arch of 
joiner's work before a door. 

PORTCULLICE, called alfo Herfet and Sarrafn^ 
in Fortification, an affemblage of feverai large pieces of 
wood laid or joined acrofs one another, like t harrow, 
and each pointed at the bottom with iron, Thefc were 
formerly ufed to be hung over the gateways of fortified 
places, to be ready to let down in cafe of a furprizr, 
v^ca the enemy fhould come fo quick, as not to allow 
time to ihut the gates. But the orgucs are now more 
generally ufed, being found to anfwcr the purpofe 
better. . 

PORT-Fire, in Gunnery, a paper tube, about 10 
inches long, filled with a compofition of meal-powder, 
fulphur, and nitre, rammed moderately hard ; ufed to 
fire guns and mortars, infiead of match. 

PORTICO, in Archite^ure, is a kind of gallery, 
raifed upon arches, under which people walk for 
(helicr. 

POSITION, or Sltet or Situation^ is Phyfics, is an 
affedion of place, exprefling the manner of a body's 
being in it. 

Position, in Archite£lure, denotes the fituatlon of 
a building, with rcfpcA to the points of the horizon. 
The befl it is thought is when the four fides point di« 
reftly to the four winds. 

Position, in Altronomy, relates to the fphere. The 
pofition of the fphere is either right, parallel, or oblique ; 
whence arife the inequality of days, the difference ot 
feafons, kc* 

Orr/w ^Position, arc circles pafling through the 
common interfedUonsof the horizon and meridian, and 
through any degree of the ecliptic, or the centre of any 
ftar, or other point fn the heavens ; ufed for finding 
out the pofition or fituatlon of any ftar. Thefe are 
ufually counted fix in number, cutting the equator into 
twelve equal parts, which the aftrologers call the cekf* 
tial boufes. 

Position, in Arithmetic, called alfo Falfc Pofi- 
tion, or Sutoofition, or Rule of Falfc, is a rule fo 
called, bccaulc it confiftsin calculating by falfc numbers 
fiippofcd or taken at random, according to the procefs 
deferibed in any queftioD or problem propofed, ai if 
they were the true numbers, and then from the rcfults, 
compared with that eiven in the qoellion, the true 
numbers are found. It is fometimes alfo called Trial- 
and-Error, becaufc it proceeds by trials of falfc num- 
bers, and thence finds out the true ones by a compari* 
fbn of the errors. 

Pofition is cither Sinde Or Double, 

Single Position is v^enonly one fuppofitien is em- 
ployed in the calculation. And 

DouhU Position is that in which two fuppofitioQ’ 
are employed. 

To the role of Pofition properly bdOng fuch que*" 
tions as cannot be relolved from a direft ^ocefs by 
of the other ufual ruleain arithmetic^ ana in which the 
iicquired numbers do not afeead above the firff 
fuch, for eimiBple, as. mod of the queffions ufu^ 
bsought to exatnfe the ceduditm of eqoalio** 
in 4 gebri. But k will not \iefiatf out true anf^^ 
vSam themufuberc foaght afccid flpre the firff power i 
fiw Jfibea^thf FciUu ait pot^propoilN^ 
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or ftippofed mimbm, « in the fingle rule j nor yti the 
errort to the difference of the true number and each 
Pofrtion, M in the double mlc. Yet in all fuch cafes, 
itji a ▼ery good approximation, aud in exponential 
equation!, it wdl a! rn many other things, it fueceeds 
better than perhapaany other method whateter* 

Thofe. queftionf, in which the rcfulta arc propor- 
tional to their fuppoiitioDB, belong to Single Pofition : 
fuch arc thofe which require the multiplication or divi^ 
fion of the number fongltt by any number ; or in which 
it is to be increafed or diminifhed by itfeff any number 
of times, or bv any part or parts of it. But thofe in 
which therefuits arc not proportional to their pofitions, 
belong to the double rule: fuch are thofe^in which the 
numbers fought, or their multiples or parte, arc in- 
creafed or diminilhed' by fomc given abiolute number, 
which is no known part of the number fought. 

To work by the 8ingh Rule pf Pos iti on. Suppofe, 
take, or aflume any number at plcafurc, for the number 
fought, and proceed with it as if it were the true num- 
ber, tliat is, perform the fame operations with it ae, in 
the queftion, are deferibed to be perfonued with the 
number required : then if the refult of thofe operation! 
be the fame with that mentioned or given in the quef- 
tion, the fuppofed number is the fame as the true one 
that was required ; but if it be not, make this propor- 
tion, viz, as your refult is to that in the queiVion, fo is 
yourfiippofed falfe number, to the true one required. 

Example* Suppofe that, a perfon, after fpending \ 
and I oi hii money, has yet remaining 60I.4 what iuiu 
had he at firft ? 

S\ippofc he had at firft ud- 

Now 5 of 120 is 40 

and \ oPit is 30 

their fum is 70 • 

which taken from 1 30 

leaves remaining 50, inftead of 6o- 
Therefore at 50 : 66 : : 120 ; 144 the fum, at firft. 

Proof, f of 144 is 48 

4 of it is 56 

their fum 84 

taken foom 144 

leaves juft 60 atperqueft.. 

To worl i) the Double b/* Position., 

In this rule, make two different fuppofitions, or 
aiTumpiiont, work or perform the operations with 
each, deferibed in the queftion, .cxaftly as in the fingle 
rule ; and if neither of the- fuppofed numbers folvc the 
q<‘cftion, that is^. produce a refult agreeing with that 
the queftion ; then ohferve.the errors, or how much 
wch of thi6, fidfo refult! -differs from, the true one, and 
whether they are too great or too little; marking 
r wnen too great, and with when too 

BttJe. Next multiply, croffwife, each pofition by the 
other; if the errors be of the faroc' 
tlut it both, •f’r ®r both fubtra6i the one 


produft from the other, as aUb the one error from the 
other, and divide the former of thefe two remainder! 
by the latter, for the anfarcr, or number fought. But 
if'the errors be unlike, that is, the one + , and the 
other — , add the two jprodju&s together, and alfo the 
two error! together, and divide the former fum by the 
latter, for the anfwcr. 

And in this rule it is particularly ufefurto remember 
this Mrt of the rule, viz., to fubtraft when the errors 
arc alike, both -f- or both — , but to add when unlike, 
or the one 4 and the other — ^ 

Example, A forv alking his father how old he was, 
received this anfwcr 5 Your age i« now | of mine ; but ^ 
years ago your aoc was only f of mine at. that limca 
What then were their ages ? 

Firft, fuppofc the fon 1 5 ; 

then 15 X 4 60 the fallter's; 

alfo, 5 years ago the fon was 10, 
and the father’s muft be 3 j, 

but ought to be 10 X 5 or 50, 
therefore the error is 5 — . 

Again, fuppofe the fon 22 $ 

then 22 X 4 = 88 is the father’s ; , 
alfo $ years ago the fon was 1 7, 
and the father’s then 83 ^ 

but ought to be 17 X 5, or 85, 
therefore the error is 2 + , 

And the errors, being unlike, muft be added, their 
fum being 7, 

Then jy 22 

^ 5 

30 jro 

30 

7 ) 140 ( 20 the Ton’s aw, 
and confcqucntly 80 the father^. 

This rule of Pofition, or trial-and* error, is a good 

{ general way of approximating to the roots of the 
liglicr equations, to which it may be applied even^- 
fore the equation is reduced to a final or Ample ft 7 c, 
by which it often faves much trouble in fuch reduc* 
tions. It is alfo eminently ufcful in rcfolving exponen- 
tial equations, and equations involving arcs, or fines, 
&c, or logarithms, and in ftiort in any equations that 
aic very intricate and difiicult. And even in the ex- 
traftionof the higher roots of common nuriibcrs, it may 
be very ufefully applied. As for inftance, to cxtra*6t 
the 3d or cubic root of the number 2a.-*-Herc it is 
evident that the root is greater than 2 and Icfs than 3 ; 
making thefe two numbers therefore the fuppefitions, 
the procefs will be thus : » 


ift fup, 2* rs 8 2d fup. 3^ 

= 27 

given number 20 given number 

20 

ift error, 12— 2d error-. 

7 *^ 

3 

2 

"IFh 

H- 

2*^ ) 50 ( i*6|,thefiisftipproxisiittrdo. 

Again^ 
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Again, 33 k thu 3 appears the cube root of 20 is near 
2’0 or 27, make fuppofition of tUefe two, and repeat 


the procefs with them, thus : 

ill flip. 2*6* = 17*576 ad fup. 273=19*683 
given number 20* given number 20* 

ifteiior 2*424-' 2d error 0*317- 

2*7 2*6 

16968 190a 

4848 634 

*■414 6-J448]f„bt,. -SM* 

•317 • *8242] 


2*107) 5*7206 (2*714 root fought. 

The rule of Pofition pafTed from the Moors into 
Tiiropc,,by Spain and Italy, along with their algebra, 
or method of equations, which was probably derived 
from the former. 

Position, in Geometry, refpe^ls the fituatlon, bear- 
ing, or dire<ftion of one tning, with regard to another. 
And Euclid fays, ** Points, lines, and angles, which 
have and keep always one and the fame place and litiia- 
tion, are faid to be given by Pofition or fituation.” 
Data, def. 4. 

POSITIVE .^tantUtesy In Algebra, fuch as are of a 
twI, affirmative, or additive nature ; and which either 
have, or are fuppofed to have, the affirmative or pofitive 
lign -f before them ^ as j or + or bc^ &c. It is 
uied in contradi(lin£lion from negative quantities, w’hich 
are defedive or fubdudivc ones, and marked by the 
fign — ; as — or --ab, 

POSTERN, or Sally'portf in Fortification, a fmall 
gate, ^ufually made in the angle of the Hark of a 
baftlon, or in that of the curtain, or near the orillon, 
defeeuding into the dheh j by wluch the garrifon can 
march in and out, unperccived by tlie enemy, either to 
relieve the works, or to make private fallics, &c. — It 
mc^ alfo any private or back door. 

iBbSTICUM, in Architefture, the poflcrn gate, or 
b.ick-door of any fabric. ' 

POSTULATE, a demand, petition, or a problem 
of fo obvious a nattirc, as to ne^d neither demonfiration, 
nor explication, to render it either more plain or certain. 
Tin’s definition will nearly agree alfo to an axiom, which 
is a ftlf-cvident theorem, as a Pollulate is a felf evidcnt 
problem. 

Euclid lays down ihefe three Pofiulatcs in his Ele- 
ments } viz, xft, That from one point to another a line 
can be drawn. 2d, That a right line can be produced 
out at pleafurc. 3d, That with any centre and radius 
a circle mav be deferibed. 

As to axioms, he has a great number; as. That two 
things which are equal to one and the fame thing, arc 
equal to each other, &c. 

POUND, a certain weight ; which is of t^ kinds, 
\'i7., the pound troy, and the pound avoirdupois; the 
former conliftiog of 12 ounces troy, and the latter of 
j 6 ounces avoiidupois.— The pound troy is to the 
pound avoirdupois as 5760 to 6999}, or nearly 576 to 

Pound alCb Is as imaginary money ufed in account* 


}• 

ing, in fcveral countries. Thus, in Engl«tnd there is 
the Pound fterling, containing zo (hillings ; in France 
the Pound or livre Tournpis and Parifis; in Holland 
and Flanders, a Pound or livrc de gros, &c. — The 
terra arofc from hence, that the ancient pound llerling, 
though it only contained 240 pence, as, ours does ; yet 
each penny being equal to five of ours, the pound of 
filver weighed a Pound troy. 

POUNDER, in Artillery, a term ufed to exprefs a 
certain w*cight of (hot or ball, or how many pounds 
weight the proper ball is for any cannon ; as a 24 
pounder, a 12 pounder, &c. 

POWDER, Gun, See GuNPowriEH. 

PowDEa-Tnrrj. Sec Eprouvette. 

POWER, in Mechanics, denotes fome force which, 
being applied to a machine, tends to produce motion ; 
wheth cr it does aftually produce ic or not. In the 
former cafe, it Is called a moving Power ; in the latter, 
a fnfialning power. 

Power is alfo ufed in Mechanics, for any of the fu 
fimple machines, viz. the lever, the balance, the ferew, 
the wheel and axle, the wedge, and the pulley. 

Pow'ER of a Gla/sf in Optics, is by foinc ufed f(<: 
the dillancc between the convexity and the loJar 
focus. 

Power, in Arithmetic, the produce of a number, 
or other quantity, arifing by multiplying it by Itfelf, 
any number of times. 

Any number is called the firfi power of itfelf. If it 
be multiplied once by itfilf, the product is the feeond 
power, or fquare ; if this be multiplied by the full 
power again, the product Is the third power, or cube ; 
if this be miiltiplieu by the firfi power again, the pio- 
dud is the fourth power, or bitjiiadiatic ; and fo on ; 
the Power being always denommated from the number 
w'hich exceeds the multiplications by one or un^t^, 
which number is called the index or exponent of the 
Power, and is now fet at the^pper corner towaids the 
right of the given quantity or root, to denote or expiels 
the Power. Thus, 

3 or 3* = 3 is the ifi power of 3, 

3 X 3 or 3* = 9 is the 2d power of 3, 

3* X 3 or 3* =r 27 is the 3d power of 3, 

3 3 X 3 or 3^ = 81 is the 4th power of 3, 

See. &c. 

Hence, to raife a quantity to a given Power or dig" 
hily, Is the fame as to find the produd arifing from us 
being multiplied by itfelf a certain number of times ; for 
example, to raife 2 to the 3d power, Is the fame thing 
as to find the fadum, or produd 8 s: 2 x 2 x 2. The 
operation of raifiiig Powers, is called Involution, 

Powers, of the fame degree, are to one another in 
the ratio of the roots as manifold as their common ex- 
ponent contains units : thus, fquares are in a duplicate 
ratio of the roots; cubes ia a triplicate ratio; 4th 
powers in a quadruplicate ratio.*- And the Powers of 
proportional quantities are alfo proportional to one 
another : hy it a : b : : c : then, in aUy Powers alfo, 

; ; r « : d\ 

The particular names of the fcvcral Powers, as intro- 
duced by the Arabians, were, fquare, cube, quadrato- 
quadratum or biquadrate, furfolid, cu^ fquared, feeond 
i^rfolid, quadratQ*quadrato-quadratum, cube of the 

cube. 
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eiibc, fqnare of .the furfolid, third furfolid, and fo on, 
according to the proditth of the indices. 

And the names given by Diophantus who is followed 
by Vieta and Onghtred, are, tlic Tide or root, fquarc, 
cube, quadrato quadratum, quadrato-cubus,cubo-cnbut., 
qnadiato-quadrato-cubus, quadrato cubo cn!»u% cubo. 
cubo-cubiis, &c, according to \.\\t:fums of the indicts. 

But the modems, after Des Caites, are contented to 
diftinguilh moft of tlie Powers by the expontuta; 
ill, id, jd, 4ih, dec. 

The charadtcis by which the feveral Povvtrs are de- 
noted, both, in the Arabic and Caitefian notation aie as 
fallow ; 

Arab. V R q c hq s qc Hf tq lo ' 

Cart. aP a* a* 

X 2 4 8 16 32 64 128 2^6 512 

Hence, lil. The Powers of any quantity, form a 
fcjies of geometrical proportionals, and iht^Ir exponents 
a fcrica or aruhmelical proportionals, iii lucli lort that 
the addition of the latter anfwcis to the nniltiplicniioii 
of the former, and the fiibtra6lion of the latter anfweis 
to the divilion of the former, ; or in fhort, that the 
latter, or exponents, arc as the logarithuis of the for*, 
iner, or Powers. 


Thus, a- X 

and 2 -f 3 


4 X 

8 = 33J 

alfo <4- 

a-’ and 5 — 3 r: 

2». 

32 -r 

8 ^ 4 - 


2d. The 0 Power of anyqAiantltvq as 

flO-j is =r I. 

3d* Powers 

of tire fame quantity arc 

multiplied, 

adding their exponents : Thus, 

Mult, 

^3 A’*' .I'" 


by 

y^ 


Pi'od, 

af *» /"*• A'"’+" 

^34 »■ 


4th. Powers are divided by fubtra^lipg their expo- 
nents. Thus, 

Div. a» **• jt*" ;«•“+" a 3 +“ 

by a* X* y'^ ' x'* a* 

Quot. X* y^' A*' //" 


5lh. Powers arc alfo confidcred as negative ones, 
w having negative exponents, when they denote 
a divifor, or the denominator of* a fradtion. So 

t i '2 a* 

^ a*'d and — =; 20*'*. and — - ■= o* ;v“4,&c. 

And hence any quantity- may be changed from the 
denominator to the numerator, or from a divifor to a 
multiplier, or vice verfa, by changing the fign ©f its 
exponent ; and the whole feries of Powers proceeds in- 
deiioitely both ways from I or the o. Power, pofitive on 
thq one hand, and negative on the other. Thus, 
dec a "4 ^x ^3 ^4 5 cc, 

^ — — I a a* a> a* &c. 

fl4 af < a*- a 

^•wen arc alfo denoted with fradltonal exponents,. or 


even with furd or irrational ones ; and then the nu* 
werator denotes the Power raifed to, and the de- 
nominator the exponent ol fomc root to be cxtia£led: 

X llUS| 

^/a = u', and = ij-, and =r fi’, Aic. 

And ihele me lomctimcs called imperfe^f powers, or 
furds. 

hen the quai:tiiy to be raifed to any Power is pofi- 
tlve, all its Pov\eis uiull be pofnive. And when the 
radical quantity is negative, yet all its even Poweismull 
be politive : btcaiile — X — gives -f : the odd Powes 
only being negative, or when their exponents aic odd 
lunnbcis : Thus, the Powers of — . 

arc +1, — a, 4. <1% — -f a*, — a*, -f a^, (i * 

where the even Powers u*, a\ are poll uve, 

and the odd Poweisr/, aie negative. 

Hence, if a Power have a lugatlve lign, no evert 
i-ootof it can be afligncd ; lince no quantity multiplied 
by itfelf an even number of times, can give a negative 
prodiK^f. Tlius v< — or the fqnarc or ad root of 
— cannot be anigned ; and is called. an impofliblc 
root, or ai\ imaginary' quantity. — Every Power has 0% 
many roots, real and imaginaiy, as there arc units ia 
the exponent. 

M. Dc la Hiie giws a very odd property common 
to all Powers. M. Car re liad obferved with regard ta 
the number 6, that all the natural cubic numbers, 
8, 27, 64, 125, liavin^ their roots Itfs than 6, being 
divided by 6, the remainder of the divilion is the root 
itfelf; and if we go farther, 2 16, the cube of 6, being 
divided by 6, Itaxcs no remainder; but the divifor 6 is- 
itfell the root. Again, 343, the cube of 7, being di- 
vided by 6, leaves 1 ; which added to the divifor 6, 
makes the root 7, &c. M. Dc la Hir e, on conlidcring 
this, has found tliat all numbers, raifed to any Powcp^ 
whatever, have divilurs, which have the fame cflc6l with 
regard to them, tliat 6 has with regard to cubic num- 
bers. For finding thefc divifors, he difeovered the 
following general riiJev viz, If the exponent of tin: 
Power of a number be even, i. e. if tlir number be 
raifed to the 2d, 41 h, 6th, 6cc Power, it miifl be di- 
vided by 2 ; the lemaindtr of the divilion, .when there 
is any, added to 2, or to a multiple of 2, gives the root 
of this number, coricfpomiing to its Power, i, e. tlic 2d, , 
Clh, root.. 

But if the exponent of the pow'er be r.rr uneven 
number, i. e. if the number be raifed to the 3d, 5th, 
ytb, 6cc Power ; the double of this exponent will be the 
divifor, wdiich has tlic property aboveineiitiowed. 'J''hui 
is it found in 6, ihc double of 3, the exponent of. 
the Power of' the cubes: fo alfo 10, the double of y,, 
is the divifor of all 5th Powers ; &c. 

Any Pow-er of the natuial numbers 2, 3,^ y, 6,. 
&c, as the «th Power, has as many orders of diffcrcncCi 
as there arc units in the common ei^ncnt of all the 
numbers; and the lull of tbofc differences is a con- 
ilant quantity, and equal to the continual produ^ 
IX2X3X4X.------X/I, continued till the . 

lad/adlor, or the number of favors, be 0 ^ the expo- 
nent of the Powers. Thus, 

3 the 
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the ifl Pow€n l » i * 3 > 4 # $ » &q,lMifcbtit one order 
of iliiferences l a i t and that difference I'si. 

TherdPwriii , 4, 9, i6,*5, &c, have two orders of 
diffcrciicei 3 5 7 9 

2 2 ^ 

and the laR of thefe ii 2 = i X 2. 

The 3dPwrB. i , 8 , 27 , 64 , 1 25 , $cc,havcihrccordcri 
. of difference! 7 19 37 61 
12 18 24 

6 6 

and the lad of thefe is 6 =: i X 2 X 3. 

In like manner, the 4th or lad differences of the 
4th Powers, arc each 24 = i X2X3X4; and the 
5th or lad differences of the 5th Powers, aic each 
120:^1 X2X3X4X5. And fo on. Which 
property was fuft noticed by Peletarlus. 

And the i’amc Is tnic of the Poweisof any other arith- 
metical progrcflioi* i| I -f r/, 1 -h 2 £f, i 4- 3</, SiCf 

viz, 1 , I T-h 2r/j'‘» I 43^"* &c, 

the number of the orders of differences being flill the 
fame exponent n, and the lad of thofc orders each 

equal to 1 X 2 X 3 X nd^y the fame pro- 

duft of faftoraas before, multiplied by the fame Power 
of the common diffcrcuce d of the ferics of roots ; as was 
iliewn by Briggs. 

And hence arlfci a very cafy and general way of 
raifing all the Powers of all the natural numbers, viz, 
by common addition only, beginning at the lall dif- 
ferences, and adding them all continually, one after 
.another, up to the lowers themfelves. Thus, to gene- 
ratc the fcrics of cubes, or 3d Powers, adding dwayi 
Sy the common 3d difference gives the 2d differences 
.12, i 3 , 24, hz ; and thefe added to the iff of the iff 
^liffereiices 7, gives the reff of the faid iff differences; 
and thefe again added to the iff cube i, gives the reff 
uaf the fcrics of cubes, 8, 27, 64, 3 cc, as below. 


zdD. 

iftD. 

Cubei, 

12 

7 

I 

8 


^9 

18 



37 

64 

^4 

61 

30 

9 * 

125 



216 



«cc. 


Commenfurahk inPowiR, is fiiid of quantities which, 
though not commenfurable themfelves, have their 
fquares, or fome other Power of them, eommenfurabie. 
Euclid confines it to fquares* Thus, the diagonal and 
fide of a fquare are commenfurable in Power, their 
fquares being as 2 to 1, or commenfurable ; though 
they are not commenfurable themiclvei, being as ^2 

lo I. 

PoWvRr tf an is the fquare of the 4th 

part of the conjugate axis. 

PRACTICAL Arithmetic, Geometry, Mathema- 
tic!, ficc, ii the part that regards the prattkci or ap- 
2 


plication, as contrediffingulfhcd from the theoretical 
part. 

PRACTICE, in Arithmetic, is anile which expe- 
diiioufly and compendioufly anfwers queftioni in the 
golden rule, or rulc-of- three, efpecially when the firll 
term is 1 . See rules fpr this purpofc in all the books of 
practical arithmetic. 

PRECESSIONo/i'/^r JSyt/fW^rw, is a very flowmotion 

them, by which they change their place, going from 
caff to weft, or backward, in antecedetitiay aftronoracri 
call it, or contrary to the order of the figns. 

Tvom the late improvements in aftronomy It appears, 
that the pole, the folfticcs, the equinoxes, and all the 
other points of the ecliptic, have a retrograde motion, 
anil arc conftantly moving from eaft to weft, or from 
Aries towards Pifees, &c j by means of which, the equi- 
nodial points arc carried farther and farther back,amonir 
the preceding figns or ftars, at the rate of about each 

year ; which retrograde motion is called the Piecelfion, 
Receffion, or Retroceflion of the Equinoxes, 

PIcnee, as theftars remain immoveable, and the equi- 
noxes go backward, the ftars will feem to move more and 
more caftward with rcfpcifl to them ; for which rc rfoii 
the longitudes of all the ftars, being reckoned from thr 
firft point of Aries, or the vernal equinox, are continu- 
ally incrcafing. 

Prom this vaufe it is, that the conftellations ft cm all 
to have changed the places affigned to them by the an- 
cient aftronomers. In the time of Hipparchus, and the 
oldcft aftronomers, the equiuoftial points were fixed to 
the firft ftars of Aries and Libra : but the figns do not 
now anfwer to the fame points ; and the itars which 
were then in conjunftion with the fun when he was in 
tlie equinox, are now a whole fign, or 30 degrees, to 
the caftward of it : fo, the firft ftar of Aries is now in 
the portion of the ecliptic, called Taurus ; and the ftaii 
of Taurus arc now in Gemini ; and thofe of Gemini in 
Cancer; andfoon. 

This feeming change of place in the ftars was firft 
obferved by Hipparchus of Rhodes, who, 128 ycau 
before Chrift, found that the longitudes of the ftars in 
hii time were greater than they had been before obferved 
by Tymochares, and than they were in the foherc of Eu- 
doxus, who wrote 380 years before Chrift. Ptolomy 
alfo perceived the gradual change in the longitudes of 
the ftars ; but he ftated the quantity at too little, making 
it but I® in 100 years, which is at tHe rate of only 36" 
per year, Y-hang, a Chinefe, in the year 721, ftated 
the quantity of this change at in 83 years, which i« 
at the rate of 43'^ f per year. Other more modem af- 
tronomers have made this prcccflion ftillmore, but with 
fome fniall differences from each other ; and it is now 
ufually taken at 50"^ per year. All thefe rates are de- 
duced from a companfon of the longitude of certain 
ftars as obferved by more ancient aftronomers, with ih« 
later eftifervationt of the fiune ftars ; ide, by fubtra^ing 
the former from the latter, and dividing the remainder 
by the number of^years in the inters between the 
dates of the obfervations. Thus, by a medium of a 
great number of comparifoni, the <|uaiitity of the an- 
nual change has been nxed |it accoirding to which 
rate it wul require *3791 ycirs w the eewinoxes to 
make their revolution weft ward q^uite around the circle, 
and return to the fami point 
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Thus, by taking the longitudes, of the principal liars 
c(labli(hcd hy Tycho Brahe, in his book Aftronomiae 
inftaurata rrogymnafmata, pa. 208 and 232, for the 
beginning of 1586, and comparing them with the 
fame as determined for the year 1 750, by M. dc U 
Caille, for that interval of 164 years, there will be ob- 
tained the following differences of longitude of fe‘vcr«u 
liars ; via, 


y Arietis 


jO 

n' 

37 ' 

Aldebartin 

- 

2 

*7 

45 

^ Gemiuorum 

- 

» 

*7 

1 

j3 Gerninoruni 


2 

15 

26 

Rcgulus 


1 

16. 

3 ^ 

» Virginia 

- 

Z 

1.3 

i3 

« Aquilae 


2 

*9 

i 

« Pegafji 


2 

16 

12 

0 Libnc 


2 

17 

52 

Antares, 


2 

16 

23 

^ Tauri 


2 

17 

S8 

y Gerninoruni 


2 

i3 


y Cnncrl 


2 


12 

7 Leonis 


?. 

*9 

3 ^ 

7 Capricorni 


2 

16 

10 

Medium of thefe 1 5 ftars 

- 

2 

17 

35 


wlilch divided by 164, tbc Interval of years, gives 
5 o"* 336, or nearly 50^^ J, or after the vale of 
23^ >3^^-}- years, or 25,748 years for the 

whole revolution, or circle of 360 dcgicts. And nearly 
the fame conclufion vtTults from the longitudes of the 
ilnrs in the Britannic catalogue, compaicd with thofe 
of the /lill later catalogues. See De la Lande’s Allio- 
nomie, in fcverul phees. 

The Ancients, and even fome of the Nfoderns, have 
taken the equinoxes to be immoveable; and afcjibcd 
that change in the diftance of the (hirsfrom it, to a real 
motion of the orb of the lixcJ liars, which they fup- 
pofed had a flow revolution about the poles of the eclip- 
tic ; fo as that nil the flurs perform their circuits in 
the ecliptic, or its parallels, m the fpaee of 25,7^1 
years *, after which they fhould all return again to their 
lormtr places. 

This period the Ancients called the Platonic, or 
great year ; and imagined that at its completion every 
thing would begin as at firft, and all things come round 
in the lame order as they have done before. 

The phenomena of this retrograde motion of the 
equinoxes, or intcrfcflions of the eqninoflial with tlic 
ecliptic, and confei^uently of the conical motion of the 
earth^saxis, by which the pole of the equator deferibes 
ar fmall cirdc in the fame period of time, may be under- 
Hood and illnllratcd Iw a feheme, as follows ; Let 
NZSYL be the earth, oONA its axis produced to the 
ftarry heavens, and terminating in A, the prefent north 
pole of the heavens, which is vertioil to N, the north 
pole of the earth. Let EOQJ>c the equator, T®Z 
the tropic of cancer, and VTv^^ the tropic of' capri- 
corn ; VOZ the ecliptic, and BO its axis, both of 
which are immoveable among the liars. But as the 
equino6lial poii>ts recede in the ecliptic, the earth’s 
VoL. II. 


axis SON is in motion upon the earth’s centre O, in 
fuch a manner as to del'cribe thc' double cone 



and SOi, round the axis of the ecliptic BO, In tho time 
that thc equinortial points move tound the ecliptic, 
which is 2 5,7v^i ycais ; and in that length of time, thc 
north pole of the earth’s axis, pioduccd, dcfciibes the 
circle A BCD A in thc Harry heavens, round the pole of 
the ecliptic, which keeps immoveable in thc centre of 
tliat circle. The earth’s axis being now. 23® a8' in- 
clined to the axis of the ecliptic, the circle ABGDA, 
defciibecl by the north pole of the earth’s axis produced 
to A, is 46'^ 56' in diameter, or double the inclination 
of the earth’s axis, i n confcquem e of this, the point A, 
which is at picfcnt the north pole of thc heavens, and 
near to a liar of the 2d magnitude in the tnd of the 
Little Bear’s tail, mull be deferted by the earth’s axis; 
which moving baekwaids i flegrce every 71 1 years 
nearly, will be ditcdlcd towards thc llnr or point H in 
6447I years hciKC ; find in double of that time, or 
12,895* years, it will be dircifted towards the (lar or 
point C ; whicli will then be thc north pole ol the 
heavens, although it is at prefent degrees fouth of 
the /enitb of London L, J’he prtfrnt pofTtion of tlie 
equator EGO v^ill then be changed into lOy, ti c tro- 
pic of cancer Ts»Z into V/®, und tiic tropic of ca- 
pricorn VTvy into /'/J’Z ; as is evident by the figure. 
And thc fun, in thc fame part of the hiavcns whue he 
is now over the carildy tropic of capricorn, and makes 
the Ihortctt days and long^fl irighta in thc northetn lic- 
mifphcrc, will then be over the eartldy tropic of 'xmecr, 
and make the days longed and nights Ihorteif. So that it 
will require 12,895! years yet more, or from that lime, 
to bring thc north pole N quite round, lo as to be di- 
reded toward that point of thc heavens which if. vi r- 
tical to it at prefent. And then, and not till then, the 
fame ftars which at prefent defenbe the equator, tropics, 
and polar circle*, &c, by the eaith’ft diuinal motion, 
will deferibe them over again. 

From this drifting of the cquinodial ooints, and 
with them all the figns of the ecliptic, it follows, th.al 
thofe liars which in thc infancy of aflronomy were in 
Aries, are now found in Taurus ; thofe of Taurus in 
Gemini, &c. Hence likewife it is, that thc ftars 
which rofc or fet at any particular feafoD of thc year, 
in thc times of Hcfiod, Eudoxus, Virgil, Pliny, &c, 
N n by 
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by no means anfwer at this time to their deferip- 
tions. 

As to the phyfical caufc of the Precefiion of the 
equinoxes, Sir Ifaac Newton rales, that it arifes 

fiom the hroad or flat fplieroidal figure of the earth ; 
wliicli itfclf arifes fiom the earth’s rotation about its 
axis ; for as more matter has thus been accumulated all 
lound the equatorial parts than any where elfe on the 
earth, the fun and moon, when on cither fide of the 
equator, by attrafting this redundant manner, biing 
the equator foouer under them, in every return to- 
wards it, tlian if there was no fuch accutnulatlon. 

Sir Ifanc Newton, in determining the quantity of the 
annual Prcceflion from the theory of gravity, on fup- 
poikion that the etpiatorial diameter of the earth is to 
the polar diameter, as 230 to 229, finds the fun’s ac- 
tion fuflielent to produce a Precefiion of 9''^ only ; and 
rolleklng from tlie tides tlie proportion between the 
Inn’s force and the moon’s to be as i to 4^, he fettles 
the mean Precefiion refulting from their joint adions, 
Rt ; which, it mufi be owned, is nearly the fame 
ns it has fmcc been found by the bell obfervations ; and 
yet feveral otlier mathematicians have fince objei^kd to 
the truth of tiir Haac Newton’s computation. 

Indeed, to deteimine the quantity of the Pieceflion 
arlfing from the adkon of the fun, is a problem that 
has been much agitated among modern mathemati- 
cians i and although tlicy feem to agree as to Newton’s 
mifiake in the folution of it, they have yet generally 
difagrecd from one another. M. D’Alembert, in 1749, 
printed a trcalife on this fubjedf, and claims the honour 
of having been the firfi: who rightly determined the ine- 
thod of refolving problems of this kind. The fuhjcdl 
has been alfo confidcred by Euler, Frifius, Silvabelle, 
Walmefley, 8imj)ron, Emerfon, La Place, La Grange, 
Landen, Milner, and Vince, 

M. Silvabelle, fiating the ratio of the earth’s axis 
to be that of 178 to 177, makes 

the annual Precefiion caufed by the fun 13'' 52'", 
and that of the moon - - 34 17; 

making tlie ratio of the lunar force to the folar, to be 
that of 5 to 2 ; alfo the nutation of the earth’s axis 
caufed by the moon, during the time of a fcmircvolii- 
tion of the pole of the moon’s orbit, i. e. In 9} years, he 
makes 17'^ — M. Walmefley, on the fuppofition 

that the ratio of the earth’s diameters is that of 230 to 
229, and the obliquity of the ecliptic to the equator 
23° 28/ 30", makes the annual Precefiion, owing to the 
fun’s force, equal to 10^^*583 ; but fuppofingthe ratio 
of the diameters to be that ot 178 to 177, that Precef- 
fion will be i3'^'675. — Mr. SImpfon, by a different me- 
thod of calculation, determines the whole aunualpre- 
ceffion of the equinoxes caufed by the fun, at 21" 6"'; 
and he has pointed out the errors of the computations 
propofed by M. Silvabelle and M. Walmefley.— -Mr, 
Milner’s dcduftlon agrees with that of Mr. Simp- 
fon, as well as Mr. Vince*8 j and their papers con- 
tain bcfidcs feveral curious particulars relative to this 
fubje£l. But for the various principles and leafonings 
of thefe mathematicians, fee Philof. Tranf. vol. 48, 
pa, 385 ; vol, 49, pa. 704; vol. 69, pa. 505 ; and 
ml 77. pa. 363 j as alfo the writings of Simpfon, Emer- 


fon, Landen, &c ; alfo De la Lande’s Afironomie, and 
the Memoirs of the Acad, Scl. in feveral places. 

As to the cffeA of the planets upon the equinoAIaJ 
points, M, I)c la Place, in his new refearches on this 
article, finds that their a^fioncanfes thofe points to ad- 
vance by o''*20i 6 in a year, along the equator, or 
o''‘i 849 along the ecliptic; from whence it follows 
that the quantity of the hmi-folar Precefiion mud be 
5o''*4349, fince the total obferved Preceflion is 50"^, or 

SO«-,s. 

To Jind the Pneejpon in right afeenfton and declination* 

Put d = the declination of a liar, 

and a =: its right afeenfion ; 
then their annual variations of Precefiions will be neaily 
as follow : 

viz, 20’'‘o84 X cof. a =: the annual prccef, in dcclinat. 
and 46 ’‘'‘o 6 1 9 + 2o''‘oS4 X fin. a X tang, d = that 
of right afeenfion. See the Coiinolflancc des Temps 
for 1792, pa. 206, &c. 

PRESS, in Mechanics, is a machine made of Iron or 
wood, ferving to comprefs or fqiiee/.e any body very 
clofe, by means of ferews. 

The common l’i\iresconfitl of fix members, or pieces; 
viz, two fiat and fmooth planks ; between which the 
things to be pit'fild aie laid; two ferews, orwoims, 
faftened to the lower plank, and palling through two 
holes ill the upper ; and two nuts, ferving to drive tlic 
upper plank, whicli is moveable, againll the lower, 
which 18 liable, and without motion. 

PRESSION. See Pressure. 

PRESSURE, is properly the aAion of a body 
which makes a continual elTort or endeavour to move 
another ; fuch as the aftion of a heavy body fupporteJ 
by a horizontal table; in contradillimklon from per- 
cuflion, or a momentary force or a^lion. Prelliire 
equally refpecls both bodies, that wliicli prefl’es, and 
that which is preflld ; from the mutual equality of ac- 
tion and readion. 

PrclTure, in the Cartefian Phllofophy, is an impulfivc 
kind of motion, or rather an endeavour to move, Im- 
prefl'ed on a fluid medium, and propagated through it. 
In fuch a prcllure the Cartefians fuppofe the aAion'of 
light to confill. And in the various modifications of 
this PrefTure, by the furfaces of bodies, on which that 
medium prcflcB, they fuppofe the various colours to con- 
fifl, &c. But Newton fhews, that if light confillcd 
only in a PrefTure, propagated without aSual motion, 
it could not agitate and warm fuch bodies as refle^l and 
refradl it, as wc aftually find it does ; and if it confillcd 
in an inllantaneous motion, or one propagated to all 
dlftances in an inllant, as fuch PrefTure fuppofes, there 
would be required an infinite force to produce that 
motion every moment, in every lucid particle. Farther, 
if light conlilled either in PrefTure, or in motion pro- 
pagated in a fluid medium, whether inftantaneoiifly» or 
in time, it mull iidlow, that it would infled itfelf ad 
umhram ; for PrclTure, or motion, in a fluid medium, 
cannot be propagated in right lines, beyond any obllaclc 
which (hall hinder any part of the motion ; but will In« 
flc*6l and diffufe itfelf, every way,' into thofe parts of the 
quiefeent medium which lie beyond the faid obdacic- 
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Thus the force of gravity tcn<.k downward ; but the 
PrefliJre which arifes from, that forcfi of gravity, tends 
every way with an equable force ; and, with equal 
cafe and force, is propagated in crooked lines, as in 
ftraightones. Waves on the furfacc of water, while 
they Aide by. the fides of any large obftacle, do iiiflcf>, 
dilate, and difTufe themfelves gradually into theqiiief- 
cent water lying beyond the obAacle. The waves, 
pulfeS) or vibrations of the air, in which founds conl'ili, 
GO manifeftly infledf themfdves, though not fo much as 
the waves of water ; for the found of a hell, or of a can- 
non, can be heard over a hill, which interco]>t8 the fono- 
rous obje^l from our fight ; and founds are propagated as 
oafily through crooked tubes, as thiuugli ftraight ones. 
But light is never obferved to go in cursed lines, nor to 
infle6l itfelf ad 7 imhram ; for tlie hxed liars do imme- 
diately difapnear on the interpohtlonof any of the pla- 
nets ; as well as fome parts of tlie. fun’s body, by the 
intcrpofition of the Moon, or Venus> or Mercury. 

Pressure 0/ yfir, IVatcr^ See Aix, Water,. 
&c. 

The effeds anciently afcrlbed totlie fuga vacui, are 
now accounted for from the weight and Preffure of the. 
air. 


The PrelTure of the air on the fnrface of the earth. Is 
balanced by a column of water of the fame bafe, and 
about 34. feet high j or of one of Mercury of near 30 
inches high ; and upon every fejuare inch at the earth’s 
furface, that Preffure amounts to about 14I pounds 
avoirdupois. The elallicity of the air is equal to that 
Preffure, and by means of tl>at JPrelfure, or elafticify, 
the air would rufh into a vucuvku with a velocity- of 
about 1370 feet per fccond. At different heights above 
the earth’s furface, the Prtfiure of the air isusltsden- 
Iky and elaAicity, and each dccrcafcs in fuch fort, that 
when the heights above the furface, incrcafein atithme- 
tical progrollton, the Preffure dccreafe in gcometri* - 
cal progrefhon : and hence if the 
axis BC of a logai-lthmic curve AD . 
lie erefted perpendicular to the ho- 
rizon, and if the ordinate AD de- 
note the Preffure, or elafliclty, or. 
denfity of the air, at the cartlPs 
furface, then will any other abfeifs 

pul denotethe Preffure &cf 


GH 

IK 


Jat 


the altitude 


BG, 

IBI, 




The Preffure of water, as this 
fluid is every where of the fame 
denfity, is as its depth at any 
place, and in all dire^ions the 
fame; and upon a fquare foot of. 
furface, every foot in height 
prtfles with the force of a weight of 1000 ounces or- 
<>2 Jibs avoirdupois* . Aijd henge, if AB be the depth , 




of wjiter in any veffcl, and BE denote its Pieffurc at 
the depth B ; by Joining AE and drawing any other 
ordinates FG, HI; then (hall thefe ordinates FG, HI, 
&c, denote the PrefTiirc at tlie correfpondiug depths 
AG, AI, &c ; alfo the area of the triangle ABE will 
denote the whole Preffure againfl the whole uniight 
tide A B, and which thcrefore is but half the Pielfuro on 
the bottom of the fame area as the fide. Moitovcr, if 
a hole weie opened in the bottom or fide of thc.vcfrtl at 
15 , the water, from the Preffure of the fuperincumbent 
fluid, would iffueout with the velocity of 8;^AB feet 
per fccond nearly ; AB being efllmated in feet* 

Centre <>/Pressure, in Hydroflatics, is that point of* 
any plane, to which, if the total Preffure were applied,, 
its effeft upon the plane would be the fame as when it 
was diftributed unequally^ over the whole ; or it is that 
point in which the whole Preffure may be conceived to 
be united ; or It is that point to which, if a force were 
applied equal to the total Preffure, but with au oj)uofitc 
diredflon, it would exa6\ly balance, or reflraiii t® ef- 
fed of the Preffure, fotliat the bodypreffed on will not 
incline to either fide. Thus, if ABCD (2d fig. above) be 
a veffel of water, and the fide BC be prclTeil upon with a 
force equivalent to 20 pounds of water, this foicc is un- 
equally diftributed over BC,for the parts near B are Icfs 
prefl'ed than thofe near C, wliicli arc at a greater depth ; 
and therefore the efforts of all the particular Prclfurcs 
are united in fome point E, which is nearer to C than 
to B ;.and that point E is called the centre of Preffure : 
if to that point a force equivalent to ro pounds weight 
be applied, it will afleft the plane BC in tlie fume man- 
ner as by the PrefTuie of the water diftributed unequally 
over the whole ; and if to the fame ppint the fame foicc 
be appjied in. a contrary dirtdion to tliat of the Pief- 
furiTof the water, the force and the Prcfliire will ba- 
lance each other, and by oppoflte endeavours deilroy 
each other’s effeds. Suppoling a cord EFG fixed :il K, 
and p.affing over tlie pulley F, lias a weight of 20 
pounds annexed to it, and that the part of the cord FE 
JR perpendicular to BC ; then the effort uf the weiglit 
G is equal, and Its direiflion contrary, to that of tke 
Preffure of the water. Now if E be the centre of Pref- 
furc, thefe two powers will be In cquihbrio, and mu- 
tually defeat each other’s endeavours. 

This point E, or the centre of Preffure, is the fame 
with the centre of percuflian of the plane BC, the point 
of fufpenfion bcin^ B, the furface, of the water. And 
if tlic plane he oblique, the cafe is flill the fame, taking 
for the axis of fu^enfion, the interfedion of that plane 
and the furface of the fluid, both produced If neceffa- 
ry. See Coteg’s .Lcdurcs, pa. 40, &c* 

The centre of PreffUre upon a plane parallel to the 
hbrizon, or upon any plane where the Prcflure is uni- 
form, is the fame U8 the centre of gravity of that plane. 
For the Preffure ads upon every pait in the fame man- 
ner as gravity does. 

primary Planets, are thofe which revolve round 
the fun as a centre. Such are iht planets Mercury, Ve- 
Earth, Mars, Jupiter, Satuni, and 
Herfchd*^ and perhaps others* They are thus called, in 
contra.diftindion from the fccondary plUuets, or fatcllites, 
which revolve about their refpedive Primaries. Sec 
Planet, 

N,.u . 


PRiME*V> 
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And they are otherwlfc called SImplf, or Incom. 

PRIMES, denote the firft divlfiuns into winch fome ' c^ numbers.' No even numb,er w a Pnme, becaufe 
whole or integer is divided. As, a mmute, or Prime po by 1 . No number that 

,i«o. i. b.i.g .1.. ...I. „b™ 'S'” 

"'rKiME Nimkrt , arc ihofe which can only "y'fe^'^thrdefcription,’ nature, and ufe of which, fee 

fured by unity, or exadly divided without a lemainde , following the Table. 

I being the only aliquot pal t : as 3, 3> 5» 7> 3» /> — — 


A Table of Prime and Compofic Odd Numlere, u«derl ^‘ 

- -1 - - - - 

I lJu : 3 3 '9 o. 3 3><5* 3 3 ^ 3 ^ 

,!i 9 111 3:'/ 3 ^3 3 7 03 *3 3 3 , 5 j, ,3 3, 


M M 3 4 


3117 "1 3 


.7 Is Ns 7 N/3 3- 


31131 3 7 4* 3 37 

; 7 3 19I 3 


m\ 3 ^ 


‘ii'i ^^,1911 3 ‘/ D ' -1 - 2 , 3 ^3 3 / : o J • 

' IV ^‘1 7 si ' isjjii V'i_i2.i I i 


S 7 '3 3 
7 S N’ 3 1' 


^ 3 " 3 ‘1 

'tUn 3 ‘3 3'7| 

3 19 7 3 3 '3 37 

i 3 3,^3 3 7 


3 II 29 

■3 S 7 


9 ^7 2 17 17 23 3 3 ^ ^ 

3^7 19 3 ^7 19 3|*3 7 3 


3 19 7 3 29 3 23 n 3 

7 3 3 7 3 l3^ 


21 3 13 3 

^5 3 '7 3 

27 3 3 7 

19 3 7 3 


3 7 3 *9 3 7 

73 '33 3 


3 '7 431 3 - S 


3 7 S 3 

343 7 3 3'/ 3” 

7 37 3 “ 353 7 3 


3 7 -7 3' 


3 ‘3 7 3 


' 3 ^ 41 - 34 '. 

3 It 3 N 731 3 hillLJ :-- 


33 1 3 7 ^ 


3 '3 3 7 3 3 I 7 3* 3 
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A Table of Prime and Compofite Odd Numbers ^ Under 10,000. 
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Out of tlic foregoing T[yble, are omitted all the odd 
nuttibcrs that end with 5, becaufe it is known that 5 ia. 
a divifor, or aliquot part of every fuch number.- — — 
The difpoiition of the Prime and compofitc odd num- 
bers in this Table, is along the top line, and down the 
lirft or left-hand column ; while their leaft Prime divi- 
fors are placed in the angles of meeting in the body of 
the page. Thus, the figures along the top line, viz, 
o, 1, 2, 3, 4, &c, to 09, arefo many hundreds; and 
thofe down the firft column, from i to 99 alfo, arc 
units or ones; and the former of thefe fet before the 
latter, make up the whole number, whether it be Prime 
or compofite ; jull like the difpofition of the natural 
numbers in a table of logarithms. So the 16 in the top 
line, joined with the 19 in the firft column, makes the 
number 1619: the angle of their meeting, viz, of the 
column under 16, and of the line of 19, being blank, 
ihews that the number 1619 has no aliquot part or di- 
vifor, or that it is a Prime number. In like manner, 
all the other numbers arc Primes that have no figure in 
their angle of meeting, as the numbers 41, 401, 919, 
?cc. But when the two parts of any number have 
feme figure in their angle of meeting, that figure is the 
leaft divifor of the number, which is therefore not a 
Prime, but a compofite number: fo 301 has 7 for its 
leaft divifor, and 803 has 1 1 for its leaft divifor, and 
1633 has 23 for its leaft divifor. 

Hence, by the foregoing Table, are immediately 
known at fight all the Prime numbers up to 10,000 ; 
and hence alfo arc readily found all the divifors or ali- 
quot parts of the compofite numbers, namely in this 
manner : Find the leaft divifor of the given number in 
the Table, as above ; divide the given number by this 
divifor, and confidcr the quotient as another or new 
number, of which find the leaft divifor alfo in the Ta- 
ble, dividing the faid quotient by this laft dlviCor ; and 
fo on, dividing always the laft quotient by its leaft divi- 
for found in the Table, till a quotient be found that is a 
Prime number : then are the faid divifors and the laft 
or Prime quotient, all the fimplc or Prime divifors of 
the firft given number ; and if thefe fimplc divifors be 
multiplied together thus, viz, every two, and every 
three, and every four, &:c, of them together, the feve- 
ral produdls will make up the compound divifors or ali- 
Quot parts of the firft given number ; noting, that if 
the given number be an even one, divide it by 2 till art 
odd number come out# 

For example, to find all the divifors or component 
fadtovs of the number 210. This being an even num- 
ber, dividing it by 2, one of its diviiors, gives loj ; 
and this ending with 5^, dividing it by 5, another of its 
fadors, gives 2 1 ; and the leaft divilor of 21, by the 
Table is 3, the quotient from which’ 
la 7 ; therefore all the Prime or fim- 
ple faflors of the given number, are 

3 > 7* Set thefe therefore down 

in the firft line as in the margin ; then 
multiply the 2 by the 3, and fet the 
product 6 below the 3 ; next multi- 
ply the 5 by all that precede it, viz, 

3> 6, and fet the produ^ls below 
the 3 ; jaftly multiply the 7 by all the 
feven fadors preceding it, and fet the 
produds below the 7 ; fo fltall we have all tlie fac- 


2 | 3 

5 

7 

— 1 6 

10 

14 



21 


io 

42 



35 



70 



105 



210 


tors or divifors of the given number 2 10, which are 
thefe, viz, 

2* 3» 5» < 5 , 7» i4f 21, 30, 35, 42, 70, 103. 

P&iME Veriicaly is that vertical circle, or azimuth, 
which is perpendicular to the meridian, and paffes 
through the eaft and weft points of the horizon. 

Prime Verheah^ in Dialling, or Vertical 

Dials, arc thofe that are projeded on the plane of the 
Piime veitical circle, or on a plane parallel to it. Thefe 
arc otherwife called dired, cred, north, or Fouth 
dials. 

Prime of the Moon, is the new moon at her firft ap- 
pearance, for about 3 days after her change. It means 
alfo the Golden Number ; which fee. 

PRIMUM Mobile, in the Ptolomaic Aftronomy, 
is fuppofed to be a vaft fpherc, whofe centre is that of 
the world, and in comparifon of which the earth is but 
a point. This they deferibe as including all other 
fpheres within it, and giving motion to them, turning 
itfelf and all the reft quite round in 24 hours. 

PRINCIPAL, in Authmetic, or in Commerce, is 
the fum lent upon intercll, either fimple or compound. 

Principal Point, in Perfpedive, is a point in 
the perfpedive plane, upon which falls the^ principal 
ray, or line from the eye perpendicular to the plane# 

, This point is in the intcrfedioii of the horizontal and 
vertical planes ; and is alfo called the point of fight, and 
point of the eye, or centre of the piUurc, or again the point 
of concurrence* 

Principal Ray, in Perfpedive, is that which 
pafles from the fpedator’s eye perpendicular to the pic- 
ture or perfpedive plane, and fo meeting it in the prin- 
cipal point. 

PRINGLE (Sir John), Baronet, the late worthy 
prefident of the Royal Society, was born at Stichel- 
houfe, in the county of Roxburgh, North Britain, 
April 10, 1707. His father was Sir John Pringle, of 
Stichel, Bart, and his mother Magdalen Elliott, was 
lifter to Sir Gilbert Elliott, of Stobs, Baronet. He 
was tlie youngtil of fcvcral fons, three of whom, befidea 
himfelf, arrived to years of maturity. After receiving 
his grammatical education at home, he was font to the 
univerfity of St. Andrews, where having ftaid fome 
years, he removed to Edinburgh in 1727, to ftudy 
phyfic, that being the profelTion which he now deter- 
mined to follow. He {laid however only one year at 
Edinburgh, being defirous of going to Leyden, which 
was then the moft celebrated fchool for medicine in Eu- 
rope. Dr. Boerhaave, who had brought that univerfity 
into great reputation, was confiderably advanced in 
years, and Mr. Pringle was defirous of benefiting br 
that great man's ledurcs. After having gone through 
his proper courfe of ftudies at Leyden, he was admitted, 
in 1730, to-bia dodor of phyfic's degree ; upon which 
occafion his inaugural difleitatlon, J)e Marcore Senili, 
was printed. On quitting Leyden, Dr, Pringle re- 
turned and fettled at Edinburgh as a phyfician, where, 
in 1734, he was appointed, by the magiftrates and 
council of the city, to be joint profeflbr of pneumatics 
and moral philofopliy with Mr. Scott, during this gen- 
tleman's li^, and folc profefibr after his deceafe j being 
alfo admitted at tlic fame time a member of the univer- 
fity. In difcliarging the duties of this new cmploy- 
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|*»Spn|ter|r> 4 Mmittis 
ft Chis ; agrfciibljr to the meiKoti be pimucd through 
eaSbng fa£t fiierii^cot the bafis of 

\ Br. ftmglc contmuedle the of Phyfic at 

£dihburgb| "and in duly jKrfonmng the office of pro- 
ieflbr, till 1 742, when he wm sqppointed phyfician to the 
earf 0/ Stain who then commaMed the JBritilh army. 
By the intereft of this nobteroan^ Dr. Pringle wa$ con- 
iiitutedy the fame ycar^ phyficiart to the mimary hofpi- 
tal in biandeiB* with a lalary of ao ftilHings a-day* and 
the rij^t to half pay for life. On this occafion he was 
permitted to retain his profefforflijp of moral pKilofo- 
pbyj* two gentlemen, Meffra. Muirhead andCleghom 
teaching in hU abfcnce, as long as he requefted it. The 
great attention which Dr. Pnngle paid to his duty as 
an aftoy phvfician, is evident from every page of his 
t/n iht Difeafa the Jmy, in the executiem 
of which office he wasfometimee expofed to very immi- 
aefit dangenB. He foon after alfo met with no fmajj 
affli Aion in the retirement of hii great friend the earl 
of Stair, from the army. He offered to rcfign with his 
noble patron* but was not permitted : .he was therefore 
obliged to content himfelf with teftifying his refped 
andTgratitude to him, by accompanying the earl 40 
mires oh'Kii'rctvrrti to England ; after which he tx>ok 
leave of with the utmoff regret. 

But tlioOgh Dr. Pringle was thus deprived of the im- 
mediate protection of a noblenmn who knew and ef 
teemed bis worth, bis conduct in the duties of hit da- 
tion procured him effcftual fupport. ^ He attended the 
army Iq flanders through the cainpalgn of 1744, and 
h peiverifnlly recommended himfelf to the duke of Cum- 
berland, that in the fpring following he had a commif- 
fiont appointing him phylician-gcneral io the kind’s 
forces in the Low Countries, and parts Beyond the 
feas ; and on the next day he received a fecobd com- 
jmiffion from the duke, conffitutinghim phyfician to the 
royal' ho^itajs in thbfe countries. In cOnfequcnce of 
thefe prordotiens,, he the -fame year refigned his pro- 
iefibrihip 1% tk Univeyfity of Edinburgh. 

' In i Ji{ bewa&:alfo with the army ih Flanders ; but 
^iyepailed from that Oounti^ in the litter end of the ’ 
year, to attend the forces w!^ were to’ be Cent againll 
fhd febits In Septfand. At this time he had the honour 
of being eWen F. RvS.'andthe Society had good 
Tcafdn to he plcafed with the addition of fuch a. member, 
lathe beginning 1746,^ Dr.. Pringle accompanied, 
in bis official capacity, the duke of Cumberland in his 
^ptiltton agajaff tjic rebeli ; and remained hiith fhe 
forces, aftef the battle of Culloden, till their return to 
England the frllowiqg fummer. In 1747 and 1 74^, he 
ag4^ xt^tended the abroad j but m the autumn of 
174^, he embarked wkn the forces for England, outhe 
iigning of the treaty of Alitda-Cbapdle. 

Fiom that time he moffly tefided in London, whore,, 
from bis known firill Uhi cxpi^cnce, and'^the reputa- 
tioft he h^a acquitfd, be ffilgbt reafonably expea to 
fuccced as a pbyfician.^ In ^7^9 b#^s appointed phy. 
kiaU in ordinary to the <kke Of Cumberland. And in 
iy JO he publidicd, in' a fetter to Dr. Mead, Oifirva* 
6n tie Caor ^r Ftver t this piece, with 

alterations, was afterwards included in his grand 
the Dijeafit e / the 
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marii 

fomeqf which .. 

adions, and wcfe/ub 

to his on tSa M/eii/t , , ^ 

expcrimcntsjirocured for the ingepiou|jiwthor the ho- 
nour of Sir y^rey^ Copley gold medal y b^des gain- 
ing him a^mgaand juft reputattomas aitesCperimcntsl 
phUoCopher. %gaYC alfo many other curiqus papers to 
the Ray^ Society; thus, in 175J, he prefented, /In 
/Account of fei>eral P erf am fe^dwith the Gaol Fever by 
•working in Newgate; aiia of the, Manner by which thi 
InfeSion was communicated to one. entire Family ; in the 
Philof. Tranf. vol. 48, Htft next communipation was, 
4 remarkable cafe (f Fragility^ Flexibility % and Vjfou* 
tiao of the Bones $ rntp® vol.-^r^n the 49th voTijme, 
are accounts wjiich he wve of an Earthquake felt at 
Bruffels ; of anotlier at Glafgow and Dunbarton and 
of the Agitation of the Watei s, NoVk l, 1756, in Scot- 
land and at Hamburgh.-rThe 50th volume contains 
his Qhfervations on the Cafe of lord Walpole, of Wool- 
lerton ; and a Relation of the Virtues of Soap, in Dif- 
folvfing the Stone.— The next volume is enviched wltlr 
two of the dodor^s articles, of confiderable length, as- 
well as value. In the firil, he hath colleded, dfgeded, 
and related, tlie different accounts- that had been given 
of a very extraordinary Fiery Meteor, which appeared 
the 26th of November 1758 ; and in the fecond he hath, 
made a variety of remarks upon, the whole, difpjay Inga 
great degreq of phllofophical fagacity,— Befidcs ms com- 
municatums iatk Phllofophical Tranfaftipnsjhe gave,, 
in the jtb volume of the Edinburgh Medical Effays, an 
Account of the Suocefs of i\at Fitrum tenitum Mti^ 
monii. 

In i752,,Dr» Pringle marricil Charlotte, the fecond 
daughter of Dr. Oliver, an eminent phyfician at Bath : 
a connexion which however, did not lalt long, the lady 
dying in the fpaqe of a" few years. And nearly about 
the tims of his marriage, he gave to the public the fn (I 
edition of his Obfirvations on the Difeafes of the Army; 
-which afterwards went thrpugh many editions with im- 
prfvsements, was tranflated intq the French,, the Ger- 
man, and the Italian languages,^ and dcfervedly gained 
the author the higheft credit and encomiums. The uti- 
lity of this work however was of ftill greater importance 
than iu reputation* From the time that the dodlor was 
appointed a phyricianto the army, it feems to have been 
h)i grand objeft to Icflen, asfar aa lay in his power, the 
oalamitiesofwar; nor was he without confideraWe fucceis 
ifi.’hls noble benevolent defihn. The benefits which 
may be derived from^ur authors great work, are not 
fofeljr confined to gentlemen of- the medical proftfllon. 
Genet^ Melvjlle, n gentleman whg tmitcs with his mi- 
Etary lil^Ukies the fpirit, of phEbfopl^y, arid the feeli ngs 
ofbimioity, was enabled, whcivjovernor of the Neu- 
tral litinds,, tb m confcquencc oj 

the infttu&ops he had itp^ved 
hook, and froho^'perfonjd CQttvcrfali9n ^jth liiro* ^7 
taking care to pve bis men aka^j^tflodra in latge* 
and airy- apiHltmeptfl^ and by pfcKr l^Wii# h« forces 
remain long enough fwanftiy 
Aft 


happy 
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]Tfi})py t>ie lives of fevcn hundred 

foldiers# 

Though Pr. Pringle had not for fome years been 
called abroad, be ftill held his place of phyfician to the 
aimy ; and ia the war that began in 1755, he attended 
the camps in England during three feafons. In 1758, 
however, he entirely quitted the ftrvice of the .nmy ; 
and being now determined to fix wholly in London, he 
was the fame year admitted a licenfiatc of the college of 
phyficians.— After the acctfiion of king George the 
3d to the throne of (ireat Britain, Dr. Pi ingle was ap- 
|X)intcd, in 1761, phyfician to the queen’s hoiifeliold ; 
and this honour w’asfiicceeded, by his being confiituted, 
in 17631 phyfician extraordinary to the queen. The 
fame year lie W'as choleii a member of the Academy of 
Sciences at Haarlem, and cleded a fellow of the Royal 
College of Phyficians in London. — In i 764, on the de- 
reafeof Dr. Vv'ollafton, he w^as made phyfician inoidi- 
nary to the queen. In 1766 he was eledfcd a foreign 
member, in the phyfical bne, of the Royal Society of 
Sciences at Gottingen, and the fame year he wns^raifed 
to the dignity of a baronet of Gieat Britain. In 17^'’8 
be was appointed phyfician in ordinary to the late piin- 
cefo dow’ager of Wales. 

After having had the honour to befevcral times deified 
into tlie council of the Royal Society, Sir John Pringle 
was at length, vi;^, Nov. 30, 1772, in confequcnce of the 
death of JamesWefi Efq. de<fted pi efideiitof that learned 
body. His dedion to this high llation, though he had 
lo rerpcdlablc a eharader as the late Sir James Porter 
for his opponent, w’as canted by a very confidcrablc 
majority. Sir John Pringle’s conduifi in this honour- 
able ftation fully jufllficd the choice the Society made of 
him as thdr prefident. By his equal, impartial, and en- 
couraging behaviour, he fecured the good will and bed 
exertions of all for the general benefit of fcieitce, and 
true interclls of the Society, which in his time w^as raifed 
to the pinnacle of honour and credit. Inllcad of fplit- 
ting the members into oppofitc parties, by cruel, urijufi, 
and tyrannical condinfV, as Itas tometiines been the cafe, 
to the rum of the bdl intcrdls of the Society, Sir John 
Pringle cheriflicd and happily united the endeavours of 
all, collccSling and diiefting the energy of every one to 
the common good of the whole. He happily alfo llruck 
•ut a new way to dllliniflion and ufefulnels, by the dif- 
courfts which were delivered by liirn, on the annual af- 
fignment of Sir Godfrey Copley’s medal. Thisgeutle- 
man had originally bequeathed five guineas, to be given 
at each amuverfary meeting of the Royal Society, by 
the deteimination of the prefident and council, to the 
perfon who fliould be the author of the bell paper of ex- 
perimental obfervations for the year. In procefs of 
time, this pecuniary rcwaid, which could never be an 
important confideration to a man of an enlarged and 
pKilofephical mind, however narrow his cireuinllances 
might be, was changed Into the more liberal form of a 
gold medal ; in which form it is become a truly honour- 
able mark of dlftin^lion, and a juft and laudable objed 
of ambition^ No doubt it was always ufual for the 
prefident, on the delivery of the medal, to pav fomc 
complimcat to the gentleman on whom it wasbcltovved ; 
but the cuftom of making a fet fpecch on the occalion, 
and of catering into the hiftory of that part of philo- 
^phy to wWch the eipcrimcntt, or the HIjjed of the 
VoL. II, 


paper related, waa firft introduced br Martin P>lke« 
Efq. 'I’hc dlfcourfes however which nc and his fuccef- 
fors delivered, were very fliort, and were only inferted 
in the minute-books of the Society. None of them had 
ever been printed before Sir Jolin Pringle waa laifedto 
the chair. The fii ft fpcech tliat was made by him being 
much more eltboiate and extended than ufual, the pub- 
lication of it was defired ; and with this rcqneft, it is 
faid, he was the more ready to comply, as an abfurd ac- 
count of what he had d^liNcrcd had appeared in a new'S- 
paper. SIi John Was veiy happy in the fubjed of his 
full difcoiirle, Tl:c difeoveries in magnetifm and elec- 
tricity had been fucceeded by the inquiries into the va- 
rious fpccies of ail. 1 11 thele cnquiucs, Dr. Prieftlcy, 
who had already greatly diilinguiflied lumfelf hy bil 
tlcdrical experiments, and his other phllofophieal pur- 
fuit!, and labours, took the principal lead. A paper of 
his, iiuitled, Ol’firvations on dijj'ersnt Kinds of yY/V, hav- 
ing been read bt foie the Society In Maich was 

adjudged to be dcfeiving of the gold mtdal; and Sir 
John Pringle embraced with pkafuic theoccafion of ce- 
lebiating the important communications of h'bfi’end, 
and ofi dating wdth accuracy and fidelity what had pre- 
viuudy been difeovered upon the fubje^l. 

It was not intendtd, we Ixlieve, when Sir John’s firft 
fpecch was printed, that the example fliould be followed; 
but the fccond difeouifc was fo well lecelved by the So- 
ciety, tliat the publication of It was unanimoufly re* 
quelled. Both the difeourfe itfelf, and the fubjc6^ on 
which it was delivered, merited fuch a diftindion. The 
compofition of the feeond fpecch is evidently fuperior 
to that of the former one ; Sir John having probably 
been animated by the favourable reception of his firft 
effort. His account of the Torpedo, and of Mr. 
Walfli’s ingenious and admiiable experiments relative 
to the ckdiical properties of that cxtiaordiiiary fifli, is 
fingulaily curious. 'Fhe wdiole difeourfe abounds with 
ancient and modern learning, and exhibits the w'oithy 
prefident’s knowledge in natural hiftory, as well as iu 
medicine, to great advantage. 

The third time that he was called upon to difplay 
his abilities at the delivery of the annual medal, w'as on 
a very beautiful and Impoitant occafion. This was no 
lefs than Mr. (now'Di.) Maikelyne’s fuccefiful attempt 
completely to edablifli Newton’s fyflem of tlie imivtrlc, 
by Iiib Olfrvat’ons made on the Ahuntui/i SelthuU.rn, for 
finding itc i://rjliio'}. Sir John laid hold of this ojjpor- 
tunlty to give a pciTpIruous and <iccnratc 1 elation of the 
fcveral hypolhefes of the Ancients, wdth rcgaid to the 
revolutiousof the heavenly bodies, and ortho noble dif- 
covcrles w'ith which C®pcrnieii8 enriched the afironoini- 
cal woild. He tlien tiaees the progrtTs of the giand 
pilhciplc of giavitcation do'vn to Sir liaac’s illulliious 
conliimation of it ; to which he adds a concile account 
of Meffrs. Boiiguei’b and Cmu]ainine*>> exj)erirnent at 
Chimborazo, and of Mr. M.dke!) ic’-^ at Schehallien. 
If any doubts dill renriined wit!i relpetid to the truth of 
the Newtonian fyilem, they weie now completely re- 
moved. 

Sir John Bringle had rcafon to be peculiarly fatlsfied 
with the fubjed of his fointh difeourfe ; that fubjed' 
being pci fcdly congenial to his dlfpofition aftd ftudics. 
His own life had been much employed iu pointing out 
the means which tended not only to cui*e, but to pre* 
O u ' vcilf 
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rent the difeafes of mankind ; and it is probable, from 
bi^intimatc friendship with captain Cook, that he might 
" togeft to that fagacious commander fome of the rules 
which he followed, in order to preferve the health of T c 
crew of hft Ship, during his voyage round the woild. 
Whifther this was the cafe, or whether the method pur- 
fued by the captain to attain fo falutary an end, was the 
refult alone of hia own reflexions, the fuccefsof it was 
ailonifhing ; and this celebrated voyager leemed well 
entitled to every honour which could be bellowed. To 
him the Society affigried their gold medal, but he was 
not piefcrit to receive the hunemr. He was gone out 
upon the voyage, from ^vhichhc never retuined. In 
iliia lad voyage he continued equally fucccfalul in main- 
taining the health of his men. 

The learned prefident, in his fifth annual 4 i(fcrtation, 
had an opportunity of difplaying his knowledge in a 
way in which it had not hltherfo appealed. The dif- 
courfe took Its rife from the adjudication of the prize 
medal to Mr. Mudge, then an eminent furgeon at Ply- 
mouth, on account of his valuable paper, containing 
DlreiHors for nuiiirg the htji Csmpofition for the Metals 
if RefltClai;/ Telffcopcs, together with a Deferiptim of the 
Procefs for Criu/ilug^ Polr/hing^ and ghlng the Great 
Speculum the true Parabolic fontu Sir John hath accu- 
rately related a variety of particulars, concerning the 
invention of refleding tekfeopes, the fubfecpieni im- 
provements of thtfe inilvuments, and the (late in which 
Mr. Mudge found them, w-hen he firfl fet about work- 
ing them to a greater perfedion, till he had truly ita- 
lizcd tiic cxpedalion of Newtou, who, above an hun- 
dred years ago, prefaged that the public would one day 
pofiefs a parabolic fpeculum, not accompliflied by ma- 
thematical rules, but by mechanical devices. 

Sir John Pringle’s fixth and lail difcoinfc, to which 
he was led by the alfignnvent of the gold medal to my- 
felf, on account of my paper inti tied, 7 he Force of 
fired Gunpowder ^ and the Initial Velocity of Cannon BalU^ 
determined by Experiments, was on the theory of gun- 
nery. Though Sir John had fo long attended the army, 
this was probably a fubjed to which he had heretofore 
paid very little attention. We cannot how’ever help 
admiring with what perfpicuity and judgment he hath 
flated the progrefs that was made, fiom time to time, 
in the knowledge of proiedllcs, and the fcientific per- 
fediou to which it has been faid to be carried in my 
■paper. As Sir John Pi ingle was not one of thofe who 
delighted in wat, and in the flredding of human blood, 
be was bappy in being able to fhew that even the ftudy 
of artillery nalght be vifeful to mankind ; and therefore 
this is a topic vvhich he hath not forgotten to mention. 
Here ended our author’s difeourfes upon the delivery of 
Sir Godfrey Copley’s medal, and his prefidency over the 
Royal Society at the fame time, the delivering that me- 
dal into my hand being the laft office he ever performed 
in that capacity ; a ceremony which was attended by a 
greater number of the members, than had ever met to- 
gether before upon any other occafion. Had he been 
permitted to prefide longer in that chair, he would 
doubtlefs have found other occafions of difplaying his 
acquaintance with the hillory of philofophy. But the 
ftpl^rtnnities which he had of fignalizing himfelf in this 
were important in thcmfelves, happily varied, 
tM fufficient to gSn him a folid and lailiug reputation. 
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ready feen, had been conferred upon Sir John Pringle^, 
before he was raifed to ib« prelldcnt^s chair. But after 
that event they were bellowed upon him in great abun-^ 
dance, having been eleAcd a member of almoft all the 
literary fcicieties and intlitutiona In Europe. He was 
alfo, in 1774, appointed phyfician extraordinary to the 
king. 

It was at rather a late peilod of life when Sir John 
Pringle was chofen to be prefident of the Royal So- 
ciety, being then 65 years of age. Confidering there- 
fore the great attention that was paid by him to the va- 
rious and important duties oT his office, and the great 
pains he took in the preparation of his difeourfes, it was 
natural toexpeX that the burthen of his honourable fta- 
tion Ihonld grow heavy upon him in a courfe of time. 
This burthen, though not incrcafed by any great addi- 
tion to his life, for he was only 6 years prefident, waa 
fomewhat augmented by the accident of a fall in the 
area in the back part of his houfe, from which he re- 
ceived fome hurt. From thefe circumllanccs fome per- 
fons have affeXed to account for his refigniug the chair 
at the time when he did. But Sir John Pringle waa 
naturally of a ftrong and robuft frame and confiiiution,. 
and had a fair profpeX of being well able to difeharge 
the duties of his fituation for many years to come, had 
his fpirits not been broken by the moll cruel haraffingv 
and baitings in his office. His refolution to quit the 
chair arofe from the difputcs introduced into the So- 
ciety, concerning the queftion, whether pointed or 
blunted cleXrIcal conduXors are the moll efficacious in 
preferving buildings from the pernicious effeXs of light- 
ning, and from the cruel circumftances attending thofe 
difputes. Thefe drove him from the chair. Such of 
thofe circumllanccs as were open and ms’^ifell to eury 
one, were even of thcmfelves perhaps quite fufficient 
to drive him to that refolution. But there were yet 
others of a more private nature, which operated kill 
more powerfully and direXly to produce that event ; 
which may probably hereafter be laid before the public, 
w'hcn I fiiall give to them the hillory of the moll mate- 
rial tranfaXions of the Royal Socict), dpecially thofe of 
the lall 22 years, which I have from time to timccom- 
pofed and prepared wuth that view. 

His inttnlion of religning however, was difagrceable 
to his friends, and the moll dillinguifiicd members of the 
Society, who were many of them peihaps ignorant of the 
true motive for it. Accordingly, tliey carncllly foil- 
cited him to continue lu the chair ; but, his refolution 
being fixed, he refigned it at the anniverfaiy meeting irt 
I':78, immediately on delivering the medal, at thecon- 
clufion of his fpeech, as mentioned above. 

Though Sir John Pringle thus quitted his particular 
relation to the Royal Society, and did not attend its 
meetings fo conftantly as he had formerly done, he tliU 
retained his literary connexions in general. His houfe 
continued to be tlie refori of ingenious and philofophi* 
cal men, whether of his own country, or from aliroad ; 
and he was frequent in his vifits to his friends. He wa§ 
held in particular dlcem by eminent and learned lo- 
reigners, none of -whom came to England withouc 
w'atting upon hHn> and paying him tire greateffi refpejiB 
He treated them, in return, witk didiogmfticd* civility 
and regard. a nurtber of gentlciiwn ^ 

? ' .jui 
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a |iart of the oom<> 

’ In 1 780 5 ir John ipcnt the fummer on a vlfit to 
Edinbui^h; as he dfd idib that 1781 ; where he 
treated with the greateft rrfpcft. In this lail vlfit 
ht prefentedto the Royal College of Phyficians in that 
city, the rftfult of many years labour, being ten folio 
volumes of Medical and PhyJtcaJ OhfervnUons^ in manii- 
feript, on condition that they flioald neither be pub- 
liflied, nor lent out of the library of the college on any 
account whatever. He was at tlie fame time ptepai ing 
two other volumes, to be given to the univeilky, con- 
taining the formulas referred to in his annotations. He 
idturned again to London, and continued for fomc time 
his ufual courfe of life, receiving and paying vifus to 
die moll eminent literary men, but langnilhing and de- 
IRining in his health and fpirits, till the l8th of Jaiiualy 
1782, when he died, In the 75th year of his age; the 
account of his deatli being every where received in a 
manner which (hewed the high fcnle that was entei- 
tained of his merit. 

Sir John Pnngle’s eminent cbara(ker as a pra6lical 
phylician, as well as a medical author, is fo well known, 
and fo univerfally acknowledged, that an enlargement 
upon it cannot be necefl'ary. In the exeicife of his pro- 
fefiion he was not lapaciousf being ready, on various 
oecafions, to give his advice without pecuniary views. 
The turn of his mind led him chiefly to the love of fei- 
eucc, which he built oti the firm bafis of fadt. With re- 
gard to phllofopliy In general, he was as aveife to theory, 
iwirupporieci by experiments, as he was with rcfpedl to 
mcdicwie in paiticular. 'Lord Bacon was his favourite 
author ; and to the method of invelligation recom- 
mended by that great man, he llcadily adhered. Such 
being his intelledlued chai^adler, it will not be thought 
furpriling that he had a dillike to Plato. Atid to me* 
tapliylical difqulfitions he loll all regard in the latter 
part of his life. 

Sir John had no great fondivefs for poetry. ^ He h?d 
not even any dillinguiflied relifli .for the immortal 
Shakefpeare ; at kail lie feemed too highly fcnlible of 
the defers of that illulhious bard, to give himtiic pro- 
per degree of eflimatlon. Sir Joliu had not in his 
youth been negledlful of philological enquiries, nor did 
he defert them in the laft ftages of his fife, but culti- 
vated even to the laft a knowledge of the Greek lan- 
guage. He paid a great attention to the French lan- 
guage $ and It is faid that he was fond of Voltaire^s cri- 
tical writings. Among all his other purfuits, he nc\tr 
forgot the lludy of the Englifh language. This be re • 
garded as a matter of fo much confequence, that he 
took uncommon pains with regard to the (lylc of his 
compofitions ; and it cannot be denied, that he excelled 
i’l perfpicuity, corredtnefs, andpiopriety of exprefli»n. 
His fix difcourfes in particular, delivered at the annual 
meetings of the Royal Society, on occafion of the prize 
medals, have been univerfally admired as elegant com- 
pofitlons, as well as critical and learned diflertations. 
-^nd this charafteriftic of them, feemed to inercafe and 
heighten, from year to year ; a circumftancc which ar- 
gues rather im improvement of his faculties, than any 
decline of them, and that even after the accident which it 
was prctcnde4occafiou€d his defeent from the picfident’s 
chair. So txcwot indeed were thcfe^^nipofitioascftecm- 


ed, that entry ufed to afperfe his diawHet with the irapy. 
tation of borrowing the hand of another in thofe learned 
difcourfes. But how falfe fuch afperfion was, I, and I 
believe moft of the other gentlemen who had the honour 
of receivii^ the annual medal from his hands, can fully 
tefl-ify. For myfelf in particular, I can witnefs for the 
lad, and perhaps tlie bed, that on the theory and im- 
provements in gunneiy, having been prefentor privy to 
his compofition of every part of it. — Though our au- 
thor was not fond of poetry, he had a great affe^lion 
foi the iifler ait, mnfic. Of this art he was not merely 
an admiici, but became fo far a pradlitioner in it, as to 
be a pi rfori.KT on the violoncello, at a weekly concert 
given by a i'oeiety of gentlemen at Pkbnburgh. Be- 
fidcs a clofe application to medical and philofophical 
fcience, during die latter part of bis life, he devoted 
nuich time to the lludy (d* divinity: this being with 
him a very fdvonrlte and Interefling objedl. 

If, from tlic intelledlnul, we pnfs on to tbe moral 
cbaraClci of Sir John Bringle, we fliall And that the 
ruling fculine of it was integrity. By this principlehc 
was uniformly aduated in the whole of liis condndland 
hciiaviour. He was equally dillingiiilhed. lor his fo* 
biicty, I and Ollier perfons have beard him declare, 
that he bad never once in his life been intoxicated with 
liquor. In his friendflu’ps, he was ardent and fteady. 
The intimacies which were formed by him, in the early 
part of his life, continued unbroken to the deceafe of 
the gentlemen with whom they were made ; and were 
kept up by a regular correfpondence, and by all the 
goodollices that lay in his power. 

With regard to Sir John's external manner of dc- 
portmeat, he paid a vci y rcfpc6tful attention to thofe 
w’ho were honoured with his friendlhip and efleoin, and 
to fuch ftrangers as came to him well rcconimendcdp 
Foreigners in particular had good reafon to be fatisfiecl 
with the uncommon pains which he took to (hew tlicm 
every mark of civility and regard. He had however at 
times fomew'hat of a drynels and referve in his beha- 
viour, which had the appearance of coldnefs ; and this 
was the cafe wlien he was not perfedlly plcafed with 
llic perfons who were introduced to him, or wlio hap- 
pened to be in his company. His fenfe of integrity 
and dignity would not peiinit him to adopt that falle 
and fupcificial politenefs, which trt^ats all men alike, 
though ever fo diflerent in point of rcaW llimation and 
nunit, with the fame Ibevv of cordialiiy and kindueU. 
lie wab above al?hming the profdliou, wltlioiU the 
reality of icrpci^i. 

PRISM, in Geometry, is a body, or folid, whofe 
two ends arc any plane figures which are parullcl, equal, 
and fimilar ; and its Tides, coniieddiug tliul'e ends, are 
parallelogmins. — Hence, cveiy fedlion paiallcl to tlie 
ends, is tlic fame kind of equal and liinllar llgureastlic 
<*nds Uicmfelves are ; and il.e Prifrn may he confldeied 
as geiierdtcd by the paulltl mulion of this plane fl- 
guru, 

Pinfma take their kveral jiaitieular name^ from the 
figure of their cuds. Tims, when the cud is a U’iangl^, 
it is a Triangular Prifni ; wlicn a Square, a Squate 
Prifrn ; when a pentagon, a Pentagonal Prifrn ; when a 
hexagon, a Hexagonal Prifm ; and fo on. And hence 
the denomination Prifm coniprifcs alfo the cube and pa- 
rallclopipedon, the fotmer being a fquare Piifm, and 
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iN fetter • fe^hingular wie* An# «? ci a cylinder may 
becon/idered ai a round Prifm, or one that has an infi- 
nite nttinber of fides, Alfo a Prifm is faid to be regular 
•r jiregular, according as the figure of its end is a re- 
gular or an irregular polygon. 

The Axis of a Prifm, is the fine conceived to be 
drawn lengthways through the middle of it, conntfting 
the centre of one end with that of the other end. 
Prifmg, again, are either right or oblique. 

A RtyJ)t Pr^m ib that whole fide?, and its axis, arc 
perpendicular to Us cnclaj like an iipiight tower. 
And ^ 

An Prism, is W'hcn the axis and fidcs arc 

oblique to the ends; fo thar» when fei upon one 
end, it Inclines on one hand, like an inclined tower. 

The principal pioperties of Piiftns, aie, 

1. That all Prifms are to one another in the ratio 
Compounded of tlulr bafes and heights. 

2. Similar Prifrne are to one another in the triplicate 
ratio of their like iides. 

3. A IMfm is triple of a pyramid of equal bafe and 
height ; and the folid content of a Piifm is found by 
multiplying the bale by the perpendicular height. 

4. The upiight furface of a right Prifm, is equal to 
a re\5tangle of the fame height, and its breadth equal 
to the pciimctcr of the bafe or end. And thcrcfoic 
fuch upright furface of a right Prifm, is found by mul- 
tiplying the perimeter of the bafe byhhc perpendicular 
height. Alfo the upright furfiice of an oblique Prifm 
is found by computing thofe of all its parallelogram 
fides feparately, and adding them together. 

And if to the upright fuiface be added the areas of 
the two ends, the fum will be the whole furface of the 
Prifm. 

Prism, In Dioptrics, is a piece of glafs in form of 
a triangular Prifm : which is much ufed in experiments 
concerning the nature of light and colours. 

The ufe and phenomena of the Prifm anfc from its 
fidcs not being parallel to each other ; from whence it 
feparates the rays of light in their paffage through it, 
by coming through two fidcs of one and the fame an-, 
glc. 

The more genei-al of thefc phenomena arc enume- 
rated and illuftrated under the aiticlc Colour ; which are 
fufficlent to prove, that colours do not either confift in 
the ctmtorfion of the globules of light, as Des Caites 
imagined ; nor in the obliquity of the pulfes of the 
etherial matter, as Plook fancied ; nor in the conftma- 
tlonof light, and its greater or lefs concitatlon, asUr. 
Barrow conjeftured j but that they arc original and un- 
changeable properties of light itfclf, 

PRlSMOIl), i« a folid, or body, fomewhat refem- 
bling a prifm, but that its ends are any diffimilar paral- 
lel plane figures of the fame number of fidcs ; the up- 
right fides being trapezoids.— —If the ends of the Prif- 
moid be bounded by dilfimilar curves, it is ibmetimes 
called acylindroid. 

probability of an Evenf, in the Dodrlne of 
Chances, is the ratio of the number of chances by which 
the event may happen, to the number by which it may 
both happen and tail. So that, if there he conilitrued 
f fraAion, of which the numerator i$ the number of 
Al^ncei for th<^ events happening, and the denominator 
for both happening and failirg^ tbfit iir^ion 


will pwpedy 
evimPs happm0g« 

for happening,^ to Drhich 

being 5, thd frtdion | will filly reprefettt the Prpbabi- 
lity of its happenings, and maybe taken tobethemea- 
fure of it. The fame thing may be fi^id of the Probabi- 
lity of /ailing, which will likewife be meafured by a 
fiadlion, whofe numerator is the number of chances by 
which it may fail, and its denominator the whole num- 
ber of chances both for its happening and failing : fo the 
Probability of the failing of the above event, which hat 
2 chances to fad, and 3 to happen, will be exprefled or 
meifurcd by the fraflion 5. 

Hence, if there be added together the fradlions which 
cxpiefs tlie Probal.'ility foi both happening and failing,, 
their fum will alw’ays be equal to unity or i ; fince ihc 
film of their numerators wdll be equal to their common 
denominator. And fince it is a certainty that an event 
will either happen or fall, it follows that a certaintyv 
which may bcconfidcredas an infinitely great degree of 
Piobabilily, is fitly reprefented by unity. See Sirnp- 
fon’s or Demoivre’s Doftrlne of dunces; alfo Ber- 
noulli’s Ars Conje6landi ; Monmort’s Analyte des 
Joux dc Hafard ; or M. l)e Pareleu’s EfiTais fur Ics Pio- 
babilitcs de la Vie humaine. See alfo Expectation, 
and Gaming. 

Proh ABILITY 0/ Life* See Expectation of Lfcy 
and Life*^;/«»//iVj. 

PROBLEM, in Geornetiy, is a propofition in which 
fume operation or coiiftriidioii is required, As, to bi- 
fed a line, to make a triangle, to raife a perpendicular,, 
to draw' a circle through three points, dec. 

A Problem, according to \Volfius, confifts of three 
parts : The propofition, which exprefles what is to be 
done; the refolution, orfolution, in which are ordeily 
reliearfcd the fcveral Heps of the procefs or operation ; 
and the demonlliation, in which it is fliewn, that by 
doing the fcveral things preferibed In the refolution, the 
thing required Is obtained. 

Problem, in Algebra, is a queflion or propofition 
which requires feme unknown truth to be inveiligatcd 
or difeovered ; and the truth of the difeovery demoA- 
llrated. 

Problem, Kt pler^s. Sec K e p l e R ’s Prohktn, 
Problem, Determinatey Diophantincy IndefenninatSy 
Liniikdy pAneary Local* PlanCy Solid, Suifolidy and 
Utdimikd* See the adjedives. 

Z)f‘/w<rrt/ P roblem, in Geometry, is the doubling of 
a cube. This amounts to the fame thing as the finding 
of two mean proportionals between two given lines : 
whence this alfo is called the Deiiacal Problem. Stc 
Duplication, 

FROCLUS, an eminent philofopher and mathema- 
tician among the later Platonills, was bom at Conftaa- 
tinoplc in the year 410, of pirentswho were both able 
and willing to prov^e for his infirudion in all the va- 
rious branches oflearoto and knowledge. He was firfi 
fent to Xanthu8,.a city of Lycia, to learn grammar : from 
thence to Alcxaiidria, where he was under the belt maf- 
tcri in rhetoric, philofophy, and inath^matics ; and 
from Alexandria, ne removed to Athens^ where he at- 
tended the yoofttfe? Plutarch# Jjoth of them 

celebrated to latter m 

*• ■'L' , to 



^ Kktpnic fchool at Athens ; 

where he dre 4 in at 75 years of age. 

Mpryiua. of NapUsi who was his fucceflbr in the 
fcho(^ wrote hia fife ; the firft oerfeft copy of which 
was publiflied, with a Latin verubh and notes, by Fa- 
briciiis at Hamburgh, 1 700, in 4to ; and afterwards 
fubjoined to his Bmtothica Latinny in Svo, 
Froclus wrote a great number of pieces, and upon 
many different fubjeds ; as, commentaries on phildfo- 
phy, mathematics, and grammar ; upon the whole 
works of Homer, Hc-liod, and Plato’s hooks of the re- 
public : he wrote alfo on the conlb utf iou of the Aflro- 
labe. Many of his pieces are loti; j fonie have been 
publiflied; and a few remain hill in manufeript only. 
Of the publiflied, there are four very elegant hymns ; 
one to the Sin, two to Venus, and one to the Mufes, 
There are conunentarics upon fever d pieces of Plato ; 
upon the four books of Ptolomy’s work de Judiciis Af» 
trorum ; upon the lirfi book of Itnclid’s Klements; 
and upon Hcfiod’s Opera ct Dies. There are alfo 
works of Pioclus upon philofophical and alt’onomical 
fiil)je£fs; particularly the piece De Spl'/creij which was 
publiflied, 1620, in 410, by Bainbridge, the Savilian 
profcfi'or of adronomy at Oxford. He wrote alfo 18 
arguments againft the Ciiriflians, which arc flill ex- 
tant, and ill wdiich he attacks them upon the queftion-, 
whether the woild be eternal ? the affirmative of which 
he maintains. '' 

The c1nra<fler of Proclus Is the fame as that of all 
the* later PlatonPh, who it feems were not kfs enthu- 
fiads and inadinen, than tlio Chriittans their conteiu- 
poraries, wiiom they tcpiefenttd in this light. Pro- 
clus was not reckoned quite orthodox by his own or- 
der ; he did not adhere fu rigoroufly, as Julian and 
Porphyry, to thedodilius and principles of hjp mailer: 

“ He had, fays Cudworth, fome peculiar fancies and 
vhimfies of his own, and was Indeed a confounder of 
the Platonic theology, and a mingler of much unintel- 
ligible duff with it.” 

PROCYON, ill Aflronomy, a fixed flar, of the fe- 
cond magnitiftle, in Canis Minor, or the Little Dog. 

PRODUCING, in Geometry, denotes the conti- 
nuing a line, or drawing it farther out, till it have an 
afligned length. 

PRODUCT, in Arithmetic, 01* Algebra, is the 
fa<^lum of two numbers, or quantities, or the quantity 
arifing from, or produced by, the multiplicaiion of, two 
or more numbers &c together, d'hus, 48 is the pro- 
duct of 6 multiplied by 8. — In multiplication, unity is 
in proportion to one factor, as the other fador is to the 
produ^. So i : 6 ; : 8 : 48. 

In Algebra, the produft of fimple quantities is ex- 
prefTed by joining the letters together like a word, and 
prefixing the product of the numeral coefficients : So 
^le proauft of a and h is ab^ of and 4^c is izabc, 

Hut the produft of compound faclots or quantities k 
^xpreffed by fetting the fign of multiplication between 
them, and Wndifig each compound factor in a vinai- 
lum ; fo t he produ ct of 2a -|- 3^ and 4 — 4c is 
3a + 3^ X a ^ 4^, or (za + 3^) x (a - 4c). 

geometry,, a re^angle anfwcrs to a produd, its 
length and being the two fadlors ; becaufe tlie 

exprefiing Ac fingth atwi breadth being mul- 
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tiplied together, produce the content or area of Af 
rectangle. ^ . ' 

^HOFILE, in Archil e6lure, the figu re or draught 
of a building, fortiiieation, or the like ; in which arc 
exprefftd the fevcral heights, widths, and thicknelTes, 
fuch as they would appear, were the building cut down 
pcrpcudjcularly from the roof to the mundation. 
Whence the Profile isalfo called the Sc<flion, and fome- 
titnes the Ortliographical Sedlion ; and by Vitruvius 
the Setography. In this fenfe, Profile amounts to the 
fame thing with Elevation ; andfo (lands oppofedto a 
Plan or Ichnography, 

Profile Is alfo ufed for the contour, or outline ofa 
figure, building, member of architcdluie, or the like; 
as a bafe, a cornice, See, 

progression, an orderly advancing or pro- 
ceeding in the fame manner, courfe, tenor, proportion, 
&c. 

Progreflron is cither Arithmetical, or Geometri- 
cal. 

Progression, is a feries of quantities 
proceeding by continued equal differences, either in^ 
cieafing or decreafing. Thus, 

incrcafing i, 3, 5, 7, 9, Sic, or 
decreafing 21, i 3 , 15, 13, 9, See; 

where the fornacr progreffion incrcafes contiiuully by 
the common difference 2, and the latter ferles or Pro- 
greffion decreafes continually by the common differ- 
ence 3. 

1. And hence, to conftru^fl an arithmetical Progrtf- 

fion, from any given firft term, and with a given com-' 
mon difference ; add the common difference to the firff 
term, to give the ad ; to the 2d, to give the 3d ; to 
the 3d. to give the 4th ; and fo on ; when the Icrics is 
afcending or mcreafing: but fubtraft the common dif- 
ference continually, when the feries is a defeending 
one. ® 

2, The chief property of an arithmetical Progreffion, 
and which arlfes immediately from the nature of its 
conffrudffion, is this j that the fum of its extremes, or 
firff: and laft teimp, is equal to the fum of every pair of 
intermediate terms tliat arc eqiiidiflant from the ex- 
tremes, or to the double of tlie middle term wlien there 
is an uneven number of the terms. 

Tlius, I, 3, 5, 7, 9, n, 13, 

9 » 7 > 5 > 3 » U 
Sums 14 14 14 14 14 14 

where the ftwn of every pair of terms is the fame num- 
ber 14. 

Alfo, a, a -j- d, a + 2//, ^ -f- 3^^, a -j- 4^,. 

a + a ^ (3 -|- 2 ./, a + d, a 

fums 2a 4* 4^ -f ^d 2 a -f- 4^/ la 25 + 

3. And hence it follows, that double the fum of all 
the terms in the feries, is equal to the fum of the two 
extremes multiplied by the number of the terms ; 
and confcquently, that the fingle fum of all the 
terms of the feries, is equal to half the faid produft. 

So the Aim of the 7 terms 
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h Jt {. 7* 9. II, IJ, is I4- »3 X i = V X 7 = 49- 
And uic fum of the five term$ 

If 4 * <4 tf -f 2 (/, <* + 4^1 >8 + 4 ^ X 4 * 

4. 'Hence alfo, if the term of the Proptreilion 
be 0| the fum of the ferics will be equal to half the 
produft of the laft term multiplied by the number of 
terma : i# e. the fum of 


7, And iw(verfa%, if evety Projirref* 

fionbe raifed to the m pamtf ttothe^ of ill tlwfe 
powers will be to the fam of m many terttta e^ual to the 
greateft, in the ratio of m + i to x. That is, 

the fum o + + 2^/ + /, 

is to M + /« + /~ + ^ /«, 

in the ratio of 1 to w + I* 


. C-f’^4' zd”^ + 4d n i ~ ^n.ti — i .dp 

where n is the number of terms, fuppofing o to be one 
of them. That is, in other words, the fum of an 
arithmetical ProgrelTion, whether finite or infinite, 
whofr fird term is o, is to the fum of as many times 
the greateft term, in the ratio of i to 2. 

5. In like manner, the fum of the fqiiares of the 
terms of fucli a feries, beginning at 0, is to the fum 
of as many terms each equal to the greatell, in the ratio 
of X to 3, And 

6. The fum of the cubes of the terms of fuch a fc- 
ric6, is to the fum of as many times the greatcit tcim, 
ill the ratio of i to 4. 


8. A fynopfis of all the theorems, or relations, in 
an arithmetical Progrefllon, between the extremes or 
firft and lafl term, the fum of the feries, the number of 
terms, and the common difference, is as follows ; 
viz, if 

a denote the lead term, 
z the grcatefl term, 
d the common difference, 
n the number of terms, 
s the fum of the feries; 

then will each of tlicfc five quantities be cx'prclled in 
terms of the others, as below : 


— /2 — i.^r: z 

n 


d-^ y jf ~ idi + I,/, 


““/!»— I W — I n /i—i 11 ^ 2 s a —^3 ' * 

N = ” 4 . I - _ ■</ + a _ 


d a + z 

+ * a d la 

2 ~ 2 * d 

And mod of tbefe cxpreffions will become much fim- 
pl#r if the firft term be 0 iiiftcad of a* 

Progression, is a feries of quantities 
proceeding in the fame continual ratio or proportion, 
either incrcafing or decreafing ; or It is a feiics of quan- 
tities that are continually proportional ; or which in- 
creafe by one common multiplier, or dccrcafe by one 
common divifor ; which common multiplier or divifor 
is called the common ratio. As, 

incrcafing, i, 2, 4, 8, 16, &c, 

decreafing, 81, 27, g, 3, i, &c; 
where the former progrefllon Increafes continually by 
the common multiplier 2, and the latter decrcafes by 
-the common divifor 3. 

Or afeending, ra, r^a, &c, 

or defeending, a, — , 4-> &e ; 

r r* H 

where the firft term U a, and common ratio r. 

I. Hence, the fame principal properties obtain In a 
geometrical Progrefllon, as have been remarked of the 
.arithmetical one, ufing only multiplication in the geo- 
metricals for addition in the arithmeticals, and di- 
vifion in the former for rubtni^iion in the latter. So 
that, to conllrudl a geometrical Frogrcflion, from any 
jpvj^n firft term, and with a given common ratio ; mul- 
tiply the ift term continually by the common ratio, for 
the reft of the terms whea tht fi:ne8 is an amending one; 


d '• 

+ « — 22 — « — 

n ft, 

2 2 

or divide continually by the common ratio, when it Is a 
defeending Progrcffion. 

2. In every geometrical Progrcffion, the product of 
the extreme teims, is equal to the produift of every 
pair of the ititermcdiate terms that arc cquidilhnt from 
the extremes, and alfo equal to the fqiiare of the iniil- 
dle term w'hen there is a middle one, or an uneven num- 
ber of the terms. 


Thus, I, 

00 

iC, 

16 

842 

I 

prod. 16 

16 16 16 

i6 

> 

5 

r/ 7 , r*^ 7 , 

r^a, t ^a, 

r^a 

r^a r^a 

ra a 

prod. 

r*a* r\i^ 



3* 1 ’he laft term of a geometrical Progrefllon, is 
equal to the firft term multiplied, or divided, by the ra- 
tio raifed to the power whofc exponent is lefs by 1 than 
the number of terms in the feries ; fo js zr irr" * ‘ wlicn 

the feriel is an afeending one, or a ~ ~r Y‘i when it 

is a defeending Progrefllon. 

4. As the lum of all the antecedents, or all the 
terms except the Icaft, is to the fum of all the cuu- 
fcqueats, or all the termae^teept the ge^te 3 « fo is x 
r the ratio. Tor, 



r-ro ■ i M 

1 y 'v . y ' V ^ ‘ ' 

if' : a 4 ' 4 / >•# -f b<f alfexcept the W, 

theit /‘A •{• + r^a are all cxeept the firftj 

where it 18 cvMent that the former is to the latter as i to 
r, or the former multiplied by r ^'ves^the latter. So 
that, a denoting the la(l term, a the lirft term, and r 
the ratio, alfo j the fum of all the terms ; then 
f — — dt:;i orj— — x.r. And 

from this equation all the relations among the four 
quantities a, a, r, j, are eafily derived; fuch as, 

j =: ^ ; viz, multiply the greateft teun by the 

ratio, fubtraft the lead term from the product, then the 
remainder divided by i Icfs than the- ratio, will give the 
fum of the ferics. And if the lead term ^be o, which 
happens when the defeending Progreflion is iuiinitely 


3 




continued, then the fum is barely 


As in the in- 


finite Progreffion i + — + — + tt where 

2 4 S 

, . . rz 2 2 

z = I, and r = 2, it is j or = = — i. 

r — I 2 — 1 I 

The fird or lead term of a geometrical Progref- 
flop, is to the fum of all the terms, as the ratio minus 1, 
to the « power of the ratio minus i ; that is 
: j ; : r — r ; r” — t. 

Other relations among the five quantities a, r, «, x, 
whore 

a denotes the Uad lerm^ 
z the great ed term, 
r the common ratio, 
n the number of teims, 
s the fum of the Progreflion, , 

are as below ; viz, 

^ -= = zr — (r — I )x = -^1 


body which, being put into ^ 'Violtot motion by an c 3 c^ 
temal force impiefled upon it, is drfmifTcd from the 
agent, and left to purfuc its courfe. Such as a done 
thrown out of the hand 01 a flmg, an arrow from a 
bow, a ball from u gun, &c. 

PROJECTILES, the feience of the motion, veloci- 
ty, flight, range, See, of a proje(ffile put into violent 
motion by fome external caufe, as the forcb of gunpow- 
der, See, This is the foundation of gunnery, under 
which article may be fouad all that relates peculiarly to 
that blanch. 

All bodies, being indifferent as to motion or red, 
will ncccffiiily continue the date tlicy are put into, ex- 
cept lo far as they ait hindeied, and furced to change 
it by fomu new caufe. Hence, a Projedile, put in mo- 
tion, rnuft continue eternally to move on in the fame 
right line, and with the fame uniform or condant ve* 
locity, were it to meet with no refillancc from the me- 
dium, nor had any force of gravity to encounter. 

In the fird cafe, the theory of Proiediles wouM be 
veiy llmple indeed j for there would be nothing more 
to do, than to compute tlic fpace palfed over in a given 
time by a given condant veiocity ; or either of tnefe, 
from the other two being given. 

But by the condant adion of gravity, the Projec- 
tile is continually dtflcdled more and more from its 
right-lined courfe, and that with an accclciatcd velo- 
city ; w'liich, being combined with its Projedile im- 
pulfe, caufes the body to move in a curvilintal path, 
with a variable motion, wlilWi path is the cuivc of a pa- 
rabola, as will bepioved below ; and the determination 
of the range, time of flight, angle of projedion, and 
variable velocity, conftitutes what is ufually meant by 
the dodrine of' Projcdlles, in the common acceptation 
of the word, 

What is fdid above however, is to be untlerftood of 
Projediles moving in a non-refiding medium; for’ 
when the refi dance of the air is alfo confidcrcd, which 


3 ‘ 


-f (r — t)j 
r 



r 


n 




log. 

a 

log. r ■ 




log.' 




rz — (r — 1)/ 


log. 


log. r 



/--l r-i r-iV- 

And the other values of rf, 3, and r arc to be found 
from thefe equations, viz, 


(x - ay ''a, 
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is enormoudy great, and which very much impedes the 
fird Projedile velocity, the path deviates greatly from 
thepaiabola, and the determination of the circumdanccs 
of Its motion becomes one of the mod complex and 
difficult problems in nature. 

In the fird place therefore it v^ ill he proper to confi- 
der the common dodriue of Projediles, or that on the 
parabolic theory, or as depending only on the nature of 
gravity and the Projedile motion, as abftradcd fronv 
the refidance of the medium. 

Little more than 20Q years ago, philofophers took 
the line deferibed by a body projeded horizontally, 
fuch as a bullet out of a cannon, v^hile the force of the 
powder greatly exceeded the weight of the buHct, to b€ 
a right line, after w’hich they allowed it became a curve* 
Nicholas 1 artaglia was the firft who perceived the mif- 
take, mamtaining that the path of the bullet was a. 
curved line through the whole of its extent. But it was 
Galileo who firft determined what particular curve it is 
that a Projedile deferibes ; ftiewing that the path of a 
bullet projeded horizontally from an eminence, yvas a 
parabola ; the vertex of which is the poiat where tht 
bullet quits the cannon. And the fame is proved ge- 
nerally, in the ad fedion folbwing, when the projcc- 
tiOA is m^de in any dlKdiou whatever, viz, that the 

^ curve 
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cum II alwiyi a parabola, fuppoUng tbc body moves 
m a non-rcfilling medium. 

Th Laws of th( Motion 0/ Projectiles. 

I. If a heavy body be projc 61 cd perpendicularly, it will 
continue to afeend or defeend perpendicularly; be- 
caufc both the projeAing and the graviuting force are 
found in the fame line of diredlion. 

IL If a body be projcAed in free fpacc, either pa- 
rallcl to the horizon, or in any oblique diredtion ; it 
will, by this motion, in conjunilion with the adion of 
gravity, deferibe the curve line of a parabola. 



For let the body be projeded from A, in the direc- 
tion AD, with any uniform vcdoclty ; then in any equal 
portions of time it would, by that impulfe alone, deferibe 
the equal fpaccs AB, BC, CD, &c, in the line AD, 
if it were not drawn continually down below that lineby 
the adion of gravity. Dratv BE, CF, DG, &c, in the 
diredion of gravity, or perpendicular to the horizon ; 
and take BE, CF, DG, &c, equal to the fpaces 
through which the body would defeend by its grav.ty 
in the fame times in which it would uniformly pals over 
the fpaces AB, AC, AD, 5 c c, by the Projedile mo- 
tion. Then, fince by thefe motions, the body is car- 
ried over the fpacc AB in the fame time as the fpace 

BE, and the fpace AC in the fame time as the fpace 

CF, and the fpace AO in the fame time as the fpace 

DG, &c; thmfore, by the compofition of motions, 
at the end of tliofe times the body will be found re- 
fpedivelyin the points E, F, G, and confequtnily 
the real path of the Projedile will be the curve line 
AEFG 5 :c. But the fpaces AB, AC, AD, &c, 
being deferibed by uniform motion, are as the limes of 
defeription; and the fpaces BE, CF, DG, &c, de- 
feribed w the fume times by the accelerating force of 
gravity, arc as the fquarcs of the times ; conftquently 
the perpendicular clcfctiits are as the fquares of the 
jfpaces in AD, 

tiuii is - - - BE, CF, DG, StCy 

are refpedlvcly proportional to AB*, AC*, AD*, &c, 

vV the property of the parabola, 

Thcicfovc iW ot I'hc Vto^eaWc U vW parabolic 
line AEbG &c, to which AD is a tangent at the 
point A. 

I^cc, I . The horizontal velocity of a Projedile 
quantity, in every point of 

khoh'/nnt:,! jjj ^ 


Bant ratio to the motion lu AD, which Itthcnn^hmi 
Projedile motion ; viz, the conftanf horizontal velocity 
being to the Projedile velocity, as radius to the cofme 
of the angle DAH, or angle of elevation or depref- 
fion of the piece aba^e or below the horizontal line 
AH. 

2. The velocity of the Projedile in the diredion of 
the curve, or of its tangent, at any point A, is as the 
ffcant of its angle BAl of diredion above the, horizon. 
For the motion in the horizontal diredion Al being 
conftant, and AI being to AB as radius to the fecant 
of the angle A ; therefore the motion at A, in AB, is 
as the fecant of the angle A. 

3. The velocity in the diredion DG of gravity, or 
perpendicular to the horizon, at any point G of the 
curve, is to the firft uniform Piojedilc velocity at A, 
as zGD to AD. For the times (;f deferihing AD and 
DG being equal, and the velocity acejuired by freely 
defeending tluough DG being fuch as would carry the 
body uniformly over twice DG In an equal time, and 
the fpaces deferibed with iinifoim motions being as tbc 
velocities, it follows that the fpacc AD ia to the (pace 
2DG, as the Projedile velocity at A is to the peipen- 
dicular velocity at (t. 

III. The velocity in the diredion of the curve, at 
any point of it, as A, is equal to that which is gene- 
rated by gravity in freely defeending through a jpacc 
which is equal to onc*fourth of the parameter of the 
diameter to the parabola at that point. 



Let PA or A B be the height due to the velocity of 
the Projedile at any point A, in the diredion of the 
curve or tangent AC, or the velocity acquired by 
falling through that height ; and complete the paral- 
lelogram ACDB. Then is CD = AB or AP the 
height due to the velocity in the curve at A ; and CD 
is alfo the height due to the perpendicular velocity at 
D, Avhich will therefore be equal to the former : but, 
by the lafl; corollary, the velocity at A Is to the per- 
pendicular velocity at D, as AC to 2CD ; and as thclC 
velocities are equal, therefore AC or BD is equal to 
zCD or 2AB; and hence AB or AP is equal to }BD 
or \ o{ ibe ot vbt dmaw AB bif ihe nature 

of the parabola. 

Hence, i. If through thq point P, tKc line PE be 
diawn perpendicular toAP; then the velocity in the 
curve at every pointy will br<^ull to' tbc velocity ac- 
quirijd by falling through tbe p^ndkular 





^ 'PI4 $ that is^ a hodj 

"‘ ^A, the Ycleksity in the eunre at A. 

-VS&F,*' - i- '-^ atF, V 

KDf, AtD, 

LH, at H. 

The rcafon of which is, that the line PL is what is 
called the Dircftrix of i the paraboli,, tlie property of 
wliich ia/that the perpendicular to it, from evei7 point 
of the curve, is equal to one -fourth of the parameter of 
the diameter at that point, viz, 

' PA 3: j the parameter of the diameter at A, 
EF= - . . atF, 

KD= - - . atD, 

LH= - - - atH. 

2. If a body, after falling through the height PA, 
which is equal to AB, and when it ariives at A if its 
rourfe bcchangedy by refle^fion fiomaflrm plane AI, 
or otherwife, into any diredtion AC, without altering 
the velocity; and If AC betaken equal to 2AP or 
2AB, and the parallelogram be completed ; the body 
w ill defcrlbe the parabola paHlng through the point D. 

V Becaufc AC = 2AB or aCD oraAP, therefore 
AC^ = 2AP.2CD or AP.4CD; and becaufe all 
the perpendiculars EF, CD, GH arc as AE% AC% 
AG^; therefore alfo AP. 4EF = AE*,and AP.4GH =: 
AG% &c ; and becaufe the re£langle of the extremes is 
< qual to the redlaujirle of the means, of four propor- 
tionals, therefore it is always, 

AP : AE : : AE : 4EF, 
and AP ; AC :: AC :4CD, 
and AP ; AG : : AG : 
and fo on. ' ^ 

IV. Having given the Direflion of a Proje(ftiIe, and 
the Tpnpetus or Altitude due to the firll: velocity ; to 
detcimine the Greateft Height to which it will rife, 
and the Random or Horizontal Range. 



l^t AP be the height dpe to the ProjeiElIlc velocity 
at A, or the height which a body mull fall to acquire 
the fame velocity the projc^ilc has in the curve at 
A ; alfo AG the dire^ion, and AH the horizon. Upon 
AG let falhthe perpendicular PQ, and on AP the per- 
pendicular Q^R ; fo (hall AR be equal to the ^eateft 
iihitudc CVV and 4R(^cqual to ihe honzont^ range 
AH. Or,' haiyitig drawn rQ^ pcrocndicular to AG, 
take AG ck kAQ, and GH perpendidilar to 

: : AG : 4GH, 
jiAG: GH, 
j i 4A^ 4pH p 



Vot. tt. 


t|)p«foreAG » 4AQj ^nd,by fijqfijllar triangles, AH 

33 ‘ 4 RQ^ 

Alfo, if V be the vertex of the parabola, then AB or 
^AO *= aAC^or A<^35 QB ; consequently AR z:z 
BV which is =» CV Ey the nature of the parabola. 

Hence, 1. Becaufc thd angle Q^>i8.a right Jingle, 
which is the angle in a fcroicircie, therefore if upon AP 
as a diameter a femicirclc be deferibed, it will pafa 
through the point 



2. If the Horizontal Range and the Proje£lilc Velo- 
city be given, the Dire£lion of the piece fo as to hit 
the objeA H will be thus eafily found : Take AD = 
’-AH, and draw DQ perpendicular to AH, meeting 
tlie femicifcle deferibed on the diameter AP in Q_and 
g ; then either AQj)r Ag will be the direftion of the 
piece. And hence it appears, that there are two dl- 
reflions AB and Ab which, with the fame Projeftile 
velocity, give the very fame horizontal range AH ; 
and thefe two direftions make equal angles yAD and 
QAP with AH and AP, becaufe the aic P(^is equal 
to the arc Ay, 

3. Or if the Range AH and Dire< 51 ion AB he given ; 
to find the Altitude and Velocity or Impetus : Take 
AD =. i'AH, and cre£l the perpendicular DQ^meeting 
AB in Q^; fo (hall DC) be equal to the greateft alti- 
tude CV. Alfo ereft AP perpendicular to AH, and 
QP to ACij fo fliall AP be the height due to the velo- 
city. 

4. When the body is projeded with the fame vela-' 
city, but in different direftions ; the horizontal ranges 
AH will be as the fines of double the angles of elevation. 
Or, which is the fame thing, as the redangic of the 
fine and cofine of elevation. For AD or RQ, which 
is iAH, is the fine of the arc AQ^ which meafures 
double the angle QAD of elevation. 

And when the diredlon is the fame, but tbc vclo;- 
cities different, the horizontal ranges arc as the fquare 
of the velocities, or as the height AP which is as the 
fquare of the velocity ; for the fine AD or RQ^, or 
I AH, is as the radius, or as the diameter AP 

Therefore, when both are different, the ranges are 
in the compound ratio of the fquares of the velocities, 
and the fines of double the angles of elevation. 

The greateft range is when the angle of elevation 
is half a rl^t angle, or 45°. For the double of 45 is 
90®, which has the greateft fine. Or the radius OS, 
which is .} of the range, is the greateft fine.; 

And hence th^ greateft range, or that at an elevatioa 
of 45®, fcjuft double the altitude AP which is due to 

P p the 
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tlic velocity. Or equal to 4VC. And confcquently, m 
that cafe, C is the focus of the parabola, and AH its 
parameter. 

And the ranges arc equal at angles equally above and 
below 45®. 

6. When the elevation is 1 5®, the double of which, 

or 30®, having its line equal to half the radius, confe- 
quently its range will be equal to AP, or half the greateft 
range at the elevation of 45® ; that is, the range at 
15*^ is equal to the impetus or height due to the pro- 
jedilc velocity. / ^ 

7. The greateft altitude CV, being equal to AR, is 
as the verfed fine of double the angle of elevation, and 
alfo as AP or the fquare of the velocity. Or as the 
fquare of the fine of elevation, and the fquare of the 
velocity ; for the fquare of the fine is as the veifed fine 
of the double angle. 

8. The time of flight of the projcif^ile, which is 
equal to the time of a body falling freely thiough Gli 
or 4CV, 4 times the altitude, is tnetefore as the fquaic 
root of the altltiulc, or as the projedilc velocity and 
fine of the elevation. 

9. And hence may be deduced the following fet of 
theorems, for finding all the circumllanccs lelating to 
projedliles on horizontal planes, having any two of them 
given. Thus, let 

e, / =; fine, cofine, and tang, of elevation, 

S, V r= fine and verf. of double the elevation, 

R the hoiizontal langc, T the time of flight, V the 
projedlilc velocity, H the greateft height of the pro* 
jeAile, g = >6r'i feet, and a = the impetus or the 
altitude due to the velocity V. Then, 


R z: 2^S ^sc = 
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And from any of thefe, the angle fef dire^lion may 
be found. 

V. To determine the Range on an oblique plane ; 
having given the Impetus or the Velocity, and the 
Angle of D{re6tioii. 

Let AE be the oblique plane, at a given angle above 
or below the horizontal plane AH ; AG the direftion 
•f the piece ; and AP the altitude due to the proje6lilc 
velocity at A. 



By the laft prop, find the horizontal range AH to 
the given velocity and diredion ; draw HE perpendicu- 
lar to AH meeting the oblique plane in E ; draw EF 
pfrallcl to the direftion AG, and FI parallel to HE ; 
fo fhall the projedile pafs through I, and the range on 
the oblique plane will be AI. This is evident from 
prob. 17 of the Parabola in my tieatife on Conic Sec- 
tions, where it is proved, that if AH, A I be any two 
lines terminated at the curve, and IF, HE be parallel to 
the axis j then is EF parallel to the tangent AG* 




Hence, i. If AO be drawn perpendicular to the 
plane A I, and AP be bifedted by the perpendicular 
STO; then with the centre 0 deferibing a circle 
through A and P, the fame will alfo pafs through y, 
becaufe the angle GAI, formed by the tangent AG 
and A I, Is equal to tlie angle APy, which will there- 
fore Hand upon the fame arc Ay. ’ 

2. If there be given the Range and Velocity, or the 
Impetus, the Dire6thsn will then be eafily found thus ; 
Take Ak = JAI, draw kq perpendicular to AH, meet- 
in;^ the circle deferibed with the radius AO in two 
points q and q j then Ay or Ay will be the direction of 
the piece. And hence It appears that there are two 
direaions, which, with the fame impetus, give the very 
fame range Al, on the oblique plane. And thefe two 
dirtftlons make equal angles with AI ai\d AP, the plane 
and the perpendicular, becaufe the arc Py = the arc 
Ay. They alfo make equal angles with a line drawn 
from A through S, becaufe the arc Sy =: the arc Sy. 

3. Or, if there be given the Range Al, and the 
Dire£fion Ay ; to find the Velocity or Impetus. Take 
Ak JAI, and creft iy perpendicular to AH meet- 
ing the line of direftion in a ; then draw yP making the 
angle AyP = the angle Aiy ; fo (hall AP be the impe- 
tus, or altitude due tq the projedilc velocity. 

4. The range on an oblique plane, with a given 
elevati<m, is directly as ~thc redlangle of the cofine of 
the direftion of the piece above thq horizon and the 
fine of the dircAiwi above the oblique phtne, and reci- 
procally Us the fquare of the cofine of the angle of the 
plant above or below the horizon. 

For 
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For put i r= (in. q\l or A?q% 

c =; cof. iL yAH or fin. PAy, 

C s= cof. Z. lAHorfiti. Ai^/or A/yor AjP. 
Then,inthetri. APy, - - - C ; j : : AP : Ay, 
and in the tn. A/ty, - - - C : ^ : Ay ^ A/f, ^ 

therefore by compof. - - - C* : fj Ar : Ai := |AT. 

So that the obUque range AI = ^ X 4AP, 

Hence the range is the greateft when Ak is the 
grcatell, that is wlicn Iq touches the circle in 'the 
middle point S, and then the line of diiet'ion pdfl'ea 
through S, and bifedtb llie angle formed by the oblique 
plane and the vertex. Alfo tlic ranges aie equal at 
equal angles above and below this diredion for the 
maximum. 

5. The greatefl heiglu cv or Ig of the projeflilc, 
above the plane, is equal to — ~ x AP. Ami there- 
fore it is as the impetus anil fqnare of the fine of direc- 
tion above the plane diietl y, ami fquare of the cofmc 
of tlie planers inclination .•ee^procally. 

For C (fin. AyP) : s (I'm. APy) : : AP : Ay, 
and C (fin. A/y) : s ( 'n. ^’Ayj : : Ay : /y, 
therefoieby comp. ; ; AP : kg. 

6. The time of fiiglit in the curve Aul is rz 

\/ , where jj" ~ iCyh feet. And therefore it is 

as the velocity and fin " of direcSlion above the plane 
di'edlly, and cndlnc of t]\e plane’s inclination recipro- 
cally. For the tin.c of dcfcribl igthc curve, is equal to 

the time of falling freely througli GI or 4/y or X 

AP. Therefore, the time being as the fquare root of 

the diftance, :: i^'j-^y'^thc 

time of flight. 

7. From the foregoing corollaries may be colle^lcd 
the following fet of theorems, relating to projeds made 
on any given inclined planes, either above or below the 
horizontal plane. In which the letters denote as before, 
namely, 

£ = cof. of dire^Iion above the horizon, 

C cof, of inclination of the plane, 

/ zz: fln. of dire^Iion above -the plane, • 

Iv the range on the oblique plane, 

T the time of flight, 

V the piojeftile velocity, 

H the greatefl: height above the plane, 
o the impetus, or alt. due to the velocity V, 
g = feet. Then 


R = 
H := 

v = 

T = 




= - - H. 


=Z ^ ~ 


• ~ - i5: 

C** ~ 4^C* ~ 4 

= C /A - T = — v'^H. 



/V. ,R 
gC ~ ^ gc ~ 



And from any of thefe, the angle of dirediort may be 
found. 

Of the Path ^PaojFCTiLts as depending on ih: 

Reft fiance oj ihe Air. 

For a long time after Galileo, philofophers feemed 
to be fatisfied with the parabolic ibcory of IVojLr^IIcs, 
deeming the effed of the aii’s lefiftanee on the pith as 
of.no confeqiience. In pioccfs of time, however, as 
the tiue pbilofophy bcg.iti to dawn, the^ l.vgan to 
fufovd tlnu the rtfillaiice ol tlie medium might 
have fome cffeiA upon the Projjdile cuivc, and iliey 
let ihemfelves to eonfider this fubjed with fome at- 
tention. 

Huygens, fuppofing that the refiftance of the air was 
p'*opoitiondl to the velocity of the moving body, con- 
cluded that the line defciibcd by it would be a kind 
of logarithmic curve. 

But Newton, having clearly proverb that the re- 
fiftance to the body Is not proportional to the velo- 
city Itfelf, but to the fipiare of ft, Ihews, In his 
Piincipia, that the ll.ie a Projcdile defenbes, ap- 
proaches nearer to an hypcibola than a paiabola. 
t)chol. prop. 10, lib. 2. Thus, it AGK be a curve o£ 



the hyperbolic kind, one of whofe afymptotes is 
NX, perpendicular to the horizon AK, and the other 
IX inclined to the fame, where VG is reciprocally 
as DN”, whofe Index is r ; this curve will nearer re- 
picfent the path of a Projcdile thrown in the di- 
rection AH in the air, than a parabola. Newton 
indeed fays, that thefe hypeibolas are not accurately 
the curves that a Projcdile makes in the air; for 
the true ones are curves which about the vertex are 
more dlftant from the afymptotes, and in the paits 
remote from the axis approach nearer to the afymp- 
totes than ihcfe hyperbolas ; but that In pradice 
thefe hypeibolas may be ufed inftcad of thole more 
compounded ones. And if a bcxly be projeded from 
A, in the right line AH, and A I be drawn paral- 
lel to the afymptote NX, and GT a tangent to the 
curve at the veitex ; Then the denfity of the me- 
diiuii in A will be reciprocally as the tangent All, 

AH» 

and the body *3 velocity will be as and the 

Al 

refiftance of the medium will be to gravity, 

as AH to ... X AI. 

2 

M, John BcinouIIi conflrtided this curve by means 
of the quadrature of fome tranfcendcntal curves, at the 
P p 4 requefl 
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PcqReft of Dr, Keil, who pvopt>fc<3 this problem to 
him in 1718. It was alfo tefolvtcl by Dr. Taylor; 
and anotlicM* folutiou of it may be found in Her- 
mann’s Phoronomia. 

The commtntators Le Sieur and Jacqiiier fay, that 
the defeription of the curve in wbicli a. Pjoje(ftile 
moves, is fo very perplexed, that It can fearedy be 
expeded any dcdudlon {liould he made from it, 
either to pliilofopliieal or mechanical purpofes ; vol. 
2. pa. I I S'. 

Dan. Bernouill too proved, tflint the refinance of 
the air has a very gr<‘Jt elFed on fwift motions, tuch 
as thofe of cann<in fliot. He concludes fioin expe- 
riment, that a ball which afeended only 7819 feet 
in the air, wouM have afcendLxl 58750 feet in vacuo, 
being near eight times ns high. Comment. Acad. Petr, 
lorn. 2. 

M. Euler has faiilier iuvefligated the natme of 
this curve, and dircdltd the calculation and life of a 
number of tables for the folution of all cafe^ that 
occur ill gunnery, which may be accomplilhed with 
nearly as much expedition as by the common para- 
bolic principles. Memoirs of the Academy of Ber- 
lin, for the year 1753. 

But how' ralh and erroneous the old opinion of the 
inconfideiablc reuilance of the air is, wull cafily ap- 
peal fiom the expel inunts of Mr. Robins, who has 
Ihewn that, in fome cafes, this rcfiilancc to a cannon 
ball, amounts to more tlian 20 times the weight of 
the ball ; and I myfcif, having profecuted this fub- 
jed far be)oiuI any foimer example, have foinetimes 
found this relillance amount to near 100 times the 
weight of the bull, viz, when it moved with a velo- 
city of 2000 feet per fecond, w’hich is a rate of al- 
nioll 23 miles in a minute. What errois then may 
not be expected fioin an hypothefis vvhich neglcds this 
force, as inconhdeiable ! Indeed it is eafy to fliew, 
that the path of fucli Projediles is neither a para- 
bola nor nearly a paiabola. For, by that theory, if 
the ball, in the inltance la(l mentioned, flew in the 
curve of a parabola, its hoiizontal range, at 45° de- 
vation, will be found to be almoll 24 miles ; where- 
as it often happens that the ball, with fuch a ncIo- 
clty, ranges fur fhort of even one mile. 

Indeed the falfciiefs of this hypothefis almofl appears 
at fight, even in Projediles flow enough tp have 
their motion traced by the eye ; for they are feen 
to defeend through a carve manifeftly Ihorter and 
more inclined to the horizon than that in which 
they afeended, and the higheft point of their flight, 
or ihc vertex of the curve, is much nearer to the 
place wlitie they fall on the ground, than to that 
from whence they were at firfl difeharged. Thcfc 
things cannot for a moment be doubted of by any 
one, wlio in a proper fituation views the flight of 
Hones, arrows, or (hells, thrown to any confldcrable 
diftance. 

Mr. Robins has not only deteded the errors of 
the parabolic theory of gunnery, which takes no ao 
count of the rcfiftancc of the air, but (hews how to 
compute the real range of refilled bodies. But for 
the method which he propofes, and the tables he has 
computed for this purpofej^fec his Trads of Gunnery , 


pa. 183, kCf vol. T j and alfo Pluler’s Commentary on 
the fame, tranflated by Mr, Hugh Brown, in ly-j. 

There is an odd circumflance whi^ often, takes 
place in the motion of bodies projeded with con- 
liderable force, which (hews tlie great complication 
and difficulty of this fubjed'; namely, that bullets in 
their flight are not only depreffed beneath their ori- 
ginal diredion by the adion of gravity, but are alfo 
frequently diivcn to the right or left of that diiec- 
tion by the adion of fome other force. 

Now if it were tine that bullets varied their df- 
refliini by the adion of gravity only, then it ought 
to happen that the eirors in their flight to the right 
or left of the mark they were aimed at, fhould incieafe 
in the pioportion of the diilance of the mark fioin 
the piece' only. But this is contrary to all expe- 
rience; the fame piece which will carry its hulUt 
w'ithiii an inch of the intended maik, at jo yaids 
diilance, cannot be relied on to la inches in 100 
yards, much lefs to 30 in 300 yards. 

And this inequality can only arife from the track 
of the bullet being incurvated fldcwvays as well as 
downwards ; for by this means the diilance between 
the incurvated line and the line of diredion, will 
increafe in a much greater ratio than that of tlie 
diilance ; thefc lines coinciding at the month of the 
piece, and afterwards feparating in the manner of a 
curve fiom its tangent, if the mouth of the piece 
be confidered as tlie point of contad. 

'Bhis is put beyond a doubt fiom the experiments 
made hy Mr. Robins ; who found alfo that the direc- 
tion of the (hot in the perpendicular line was not lefs 
uncertain, falling fometimes 200 yards fltoit of what 
it ^id at other times, although there w'as 'no vifiblc 
caufe of difl'crencc in making tltc experiment. And I 
myfelf have often experienced a difference of one-fifth 
or onc-flslh of the whole range, both in the defledion 
to the light or left, and alfo in the extent of the range, 
of cannon fliot. 

If it he atked, what can be the caufe of a motion fo 
difl'erent from what has been hitherto fuppofed ? It may 
be anfwered, that the defledion in quelllon muft ba 
owing to fume power ading obliquely to the progreflive 
motion of the body, which power can be no other than 
the rcfiftance of the air. And this refiftance may per- 
haps ad obliquely to the progrefTive motion of the body, 
from inequalities In the refilled furface ; but Itsgeneial 
caufe is doubtlefs, a whirling motion acquired by the 
bullet about an axis, by its f^ridion againll the fides of 
the piece ; for by this motion of rotation, combined 
wnth the progreflive motion, each part of the ball’s fur- 
face will (trike the. air in a diredion very different' from 
what It would do If there was no fuch whirl ; and the 
obliquity of the adion of the air, arifing from this 
caufe, will be greater, according as the rotatory motion 
of thc'bulfet is gi'eatcr in proportion to its progrelTive 
motion, Trads, vol. i, p. 149^, &c, 

M. Euler, on the contrary,^ attributes this defledion 
of the ball to its figure, and very little to its rotation ; 
for if the ball was pcrfedly. round, though its centre of 
gravity did not coincide, the defledion from the axis of 
the cylinder, or line of diredion fidcways, would be 
Ycry incojafidcrable. But when it is not round, it wjU 

genenilly , 
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generally go to the right or left of its dlrcftlon, and fo, 
much the more, ps its rtinge is greater. From hk rea- 
foningon this fubie^ he infers, that qannon fliot, which 
are made of iron> and rounder and Icfs fufccptible of a 
change of figure in pafiing along the cylinder than thofe 
of niorc certain than mufltet fliot. True Prin- 

ciples of Gunnery inveftigated, 1777, p. 304, kc, 

PROJKCTION, in Mechanics, the a6f of giving 
a projectile its motion. -- 

If the direction of the force, by which the pro* 
jeCtile is put in motion, be perpendicular to the horizon, 
the Projection is faid to be perpendicular ; if parallel to 
the apparent horizon, it is faid to be an horizontal Pro- 
jection ; and if it make an oblique angle with the hori- 
zon, the Projection is oblique. In all cafes the angle 
which the line of dIreCtion makes with the hoiizoutal 
line, is called tlie angle of Klcvation of the piojeCtilc-, or 
of llcpreflion when ihc line of dircCtiun points below 
the hoiizontal line. 

Projection, in PerfpeClive, 'denotes the appearance 
or lepiefentatic n of an objeCt on the perfpeCtive plane, 
uo, the Projetlion of a point, is a point, where the optic 
Kjy pafles tiom the objective point through the plane 
to tlie eye; or it is the point where the plane cuts the 
o[;tic ny. — And hence it is eafy to conceive what 
i-, meant by the projcClion of a line, a plane, or a 
iohd. 

Projection of the Sphere in Phnoy is a reprefenta- 
tiem ot the fcvcral points or places of the furfacc of the 
k)hcre, and of the circles defcribed upon it, upon a 
tiaiifpnreiit plane pl. ced between the eye and the fphere, 
or Inch as llicy appear to the eye placed at a given 
ddlancc. For lue laws of this Projection, fee Prr- 
bi’FCTivE } tlie Piojedion of the fphere being only a 
particular cafe of perfpeClive. 

The chief ufe of the Projection of the fphere, is in 
the conflruCtion of planifphcrcs, maps, and charts; 

Inch are faid to be of this or that Projection, according 
to the fcvcral lituatiuns of the eye, and the pcrfpcCtivc 
plane, with regard to the meridians, parallels, and 
otlier points or places to be reprefented. 

The mofl; iifual Projection of maps of the world, is 
that on the plane of the meridian, which exhibits a 
right fphere ; the firft meridian being the horizon. 
*Phe next is that on the plane of the equator, which 
has the pole in the centre, and the ineridiaiis the radii 
of a circle, &c ; and this reprefents a parallel fphere. 
See Map. — The primitive circle is th^t great circle. 

The Projection of the fphere is ufually divided into 
Orthographic and Stereographic ; to which may be 
added Gdomonic. 

Orthographic Projection,, is that in which the fur- 
face of the fphere is drawn upon .a plane, cutting it in 
the middle ; the. eye being placed at an infinite diftance 
vertically to one or the hemifpheres. And 

Stereo^raphic Projection* of the fphere, is that in 
which the furface and circles of the fphere arc drawn 
upon the plane of a great circle, the eye being in the 
foie of that circle, 

Gjiom$nicai PudjECTiON of the Sphere, is that in which 



the furface of the fphere is drawn upon a plane without 
fide of it, commonly touching it, the eye being at the 
cei^ of the fphere. See Gnomon kal Profedm* 

Laves of the Qrthogre^phic Projedion^ 

I. The rays coming from the eye, being at an in- 
finite diflance, and making the Projedion, are parallel 
to each other, and perpendicular to the plane of Pro- 
jection, 

. 2. A right line ;^erpendicular to the plane of Pro- 
jection, Is projected into a point, where that line meets 
the faid plane. 

3. A right line, as AB, or CD, 
not perpendicular, but either pa- 
rallel or oblique to the plane of the 
Projection, is projected Into aright 
line, ns EF or GH, and Is always 
comprehended between the c?:- 
treme peipendicnlars AE and BF, 
orCGandDH. 

4. The PiojcCtion of the right line AB is the 
greatefl, whci^ AB is parallel to the plane of the Pro- 
jection. 

Hence it is evident, that aline parallel to the planQ 
of ilie PiojcCtlon, is projeded into a right line equal to 
itfelf ; but a line that is oblique to the plane of Pro-' 
jedion, is projeCted into one that is Icfs than itfelf, 

6. A plane furfade, as ACBD, 
perpendicular to the plane of the 
Projection, is projeCted into the 
right line, as A B, In which it cuts 
that plane — Hence it is evident, 
that the circle ACBD perpendi- 
cular to the plane of Projection, 
palling through its centre, is pro • 
jeCted into that diameter AB In 
which It cuts the plane of the 

Projection. Alfo any arch as Cc is projeCted into Oo, 
equal to ca, the right fine of that arch; and the com- 
plomental arc cB is projected Into <?B, the verfed fine 
of the fame arc rB. 

7, A circle parallel to the plane of the Projection, is 
projeded into a clcclc equal to itfelf, having its centre 
the fame with the centre of the ProjeCPdon, and its 
radius equal to the cofine of its diflance from the plane. 
And a circle oblique to the plane of the Projection, is 
projected into an cllipfis, whofe greater axis is equal to 
the diameter of the circle, and its lefs axts equal ter 
double the cofinc of the obliquity of the circle, to n 
radius equal to half the greater axis. 

Properties of the Stereographic Projc8ion» 

1.. In this ProjeCt,Ion a right circle, or one perpendi^ 
cular to the plane of Projection, and palling through' 
tht eye, is projeCted into a line of half tangents, 

2. The Projection of all other circles, not paffing; 
through the projecting point, whether parallel or 
oblique, are projeded into circles*. 
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let ACEDB reprefent a fplicre, entby a plane 
KS, pacing through the centre I> perpendicular to the 
diamerer En, drawn fiom E the place of the eye ; and 
let the fc^ion of the fphere by the plane RS be the 
circle CFDL,' whofe poles are H and E. Suppofc 
now AGB is a circle on the fphere to he projected, 
whofe pole moft remote from the eye is P ; and the 
vifual rays from the circle AGH meeting in E, form 
the cone AGBE, of which the tiiangl? AKB is a 
fe£lion through the vertex E, and diameter of the bafe 
AB : then will the figure aj^hf, which is the Projedion 
of the circle AGB, be itlelf a circle. Hence, the 
middle of the proie£led diameter is the centre of the 
projefted circle, whether it be a great circle or a fmall 
one j Alfo the poles and centres of all circles, parallel 
to the plane of Projedion, fall in the centre of the 
Projedion : And all oblique great circles cut the primi- 
tive circle in two points diametiically oppofitc. 

a. The proje6led diameter of any circle fubtends an 
angle at the eye equal to the diftance of that circle from 
its nearell pole, taken on the fphere ; and that angle is 
bifc£lcd by a right line joining the eye and that pole. 
Thus, let the plane RS cut the fphere HFEG through 




and B ; alfo E and C the poles of the fc£lion by thaf 
plane j and a the projediion of A, Then ca is equal 
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the tangent of half the arc AC, as is evident by 
drawing CF =: the tangent of half that arc, and join- 
ing ^F. 

4. The angle made by two projefted elides, is equal 
to the angle which thefc ciicles make on the fjjhrie. 
For let I ACE and ABL be two circles onal^phcie 



its Cf tilre I \ and let ABC be any obliqtic great circle, 
whofe diamcrer AC is projefted into gc ; and KOL 
any fmall circle parallel to ABC, whofe diameter KL 
is projedled in if. 'Phe difiances of thofc circles from 
their pole P, being the aics AHP, RHPj and the 
angles flEf, iE/, arc the angles at the eye, fubtended 
by their projefted diameters, and i/, IVn is the 
angle <iEc meafiired by the arc A HP, and the angle 
iBI mcafiired by the arc KttP ; and thofe angles arc 
bifedled by EP. 

3. Any point of a fphere is projefled at fuch a dif- 
tance from the centre of Projeftion, as is equal to the 
tangent of half the arc intercepted between that point 
and the pole oppoftte to the eye, the femidiamcicr of 
the fphere being mdius. Thus, let C^EB be a great 
fphere, whofr Centre ts f, GH the olane 
of Proje^n coding ttic vdiamclcf 'if tht 


interfe^^ing in A ; E the projcfling point ; and RS 
the plane of ProjeAion, in which the point A is pro- 
jeded in <7, in the line IC, the diameter of the circle 
ACE, Alfo let DH and FA be tangents to the 
circles ACE and ABL. Then will tlie projected 
angle Ja/hc equal to the fphcrical angle BAC, 

^ 5. The diftance between the poles of the primitive 
circle and an oblique circle, is equal to the tangent of 
half the inclination of thofe circles j and the difiance of 
their centres, is equal to the tangent of their inclioa' 
tion the femidiameter of the primitive being radius. 
For let Ac be the diameter of a circle, whofe poles are 
P and and inclined to the plane of ProjcAion i*' 
angle A IF ; and let be the Projedions of the 

points A, C, P ; alfo let HaE be the projeAcd obl^uc 
circle, whofe centre is q. Now when the plane 
]e6Fior^ccomei the primitive circle, whofe i 

tangent of half the angle AIF, or of ha 
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the arch AFj and Ij' zr tangent of AF, or of the 
ingle FH« = AIF* 



6 . If through any giren point in the primitive circle, 
an oblique circle be deferibed ; then the centres of all 
other oblique circles pafTing through that point, will be 
in a right line drawn through the centre of the firft ob- 
lique circle, and perpendicular to a line palling through 
that centre, the given point, and the centre of the pri- 



mitive circle. Thus, let GACE be the primitive circle, 
A DEI a great circle deferibed through D, its centre 
being B. HK is a right line drawn through B per- 
pendicular to a right line Cl pafling through 1) and B 
and the centre of the primitive circle. Then the centres 
of all other great circles, as FDG, palTing through D, 
will fidl in the line HK. 

7 * Equal arcs of any two great circles of the fphere 
will be intercepted between two other circles drawn on 
tlie fphere through the remoteft poles of thofe great 
circles. For let PJ^EA be a fphere, on which AGB and 



CFD are two great circles, whofc remoteft poles are 
^ through thefe poles let the great circle 
J'cEC and the fmall circle PGE be drawn, cutting the 
€**cat circles AOB and, Cf D in the points B; G| D) F, 


Then are the Intercepted arcs BG and DF equal to one 
an^cr. 

of If lines be drawn from the proje£led pole of any 
great circle, cutting the peripheries of the projcCdcd 
circle and plane of rroje^fion ; the intercepted arcs of 
thofe peripheiics are equal ; that is, the arc BG n Jf, 

9 , The radius of any leftcr circle, whofe plane is per- 
pendicular to that of the primitive circle, is equal to 
the tangent of that lefler circle’s diftance from its pole ; 
and the fecant of that diftance is equal to the diftance 
of the centres of the primitive and Icffer circle.. For 
let P be the pole, and AB the diameter of a leftcr cir- 
cle, its plane being perpendicular to that of the primi- 



tive circle, whofe centre is C : then d being the centre 
of the proje(5fed Icfler circle, da is equal to the tangent 
of the arc PA, and dC = the fccant of PA. See 
Stereographic 

Mercator^s Projection. See Mercator and 
Chart. 

Projection of Globes, 8 cc , Sec Globe, &c, 

Po/vir Projection See Polar. 

Projection of Shadows , Sec Shadow. ^ 

Projection, or Projecture, in Building, the 
outj'etting or prominency which the mouldings and 
members have, beyond the plane or naked of the wall, 
column, &c. 

Motijlrous Projection, See Anamorphosis. 

PROJECTIVE a manner of drawing the 

hour lines, the furniture &c of dials, by a method of 
projeftion on any kind of furface whatever, without 
regal d to the fituation of thofe furfaces, either as to 
declination, reclination, or inclination. See Dial- 
ling. 

PROI.ATE, or Oblong Spheroid , is a fpheroid 
produced by the revolution of a femiellipfis about its 
longer diameter ; being longcft in the direction of that 
axis, and refembling an egg, ora lemon. 

It is fo called in oppolition to the oblate or ftiort fphe- 
roid, which is formed by the rotation of a femiellipfis 
about its ftiorter axis ; being therefore fhorteft in the 
diredtion of its axis, or flatted at the poles, and fo ye- 
fembling an otange, or perhaps a turnip, according to 
the degree of flatnefsj and which is alfo the figure of 
the earth we Inhabit, and perhaps of the planets alfo ; 
having tjjpir equatorial diameter longer than the polar. 
See Spheroid. 

PROMONTORY, in Geography, is a rock or high 
point of land projefting out into the fca. The extre- 
mity of which towards the fca is ufually called a Cape, 
or Headland. 

PROPORTION, in Arithmetic &c, the equality 

or 
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or fimilUude ofr»l!oi. A> the four numbers 4. 8, > S - Jo 

arc proporfionsls, or b proportion, “' J 

of iio rt isiiflual ot fimilar to the ratio of $ to 30, 
hoth of thet^iiig the fame as the ratio of 1 to a. _ 
Euclid, in the sth definition of the 5th book, gives 

a general m 

four terms, the firfi has the. fame ratio to the 2d, as 

[he 3d has to the 4th, via, when any equimultiples 
svhatcrer of the firfi and third being 
eniiimulflplcs whatever of the ad and 4th i if the mult • 
Tof the fii-a be lefs than that of the ad, the multiple 
S the d is alfo lefs than that of the 4th ; or tf the 
mulliole oflhe firfi be equal to that of the ad, the muU 
. s j asniial that of the dtb ; o'* 


fts tv to Iff ^ • 9 
wioto 15 ioia6 : 9 


the 

artfwcr. 


reciprocally:. . 

or inv^ll'fely' - r- ^ . 

^ Pfoportion, again, i8*^dlftlngu^cd into Arithmeti- 
cal, Gcometirical, and Harmonicalt 

Arithmetical VKOfO^Tion isthc equality of two arith- 
metical ratios, or differences. As ifl the numbers 
12, 0, 6 ; #ere the difference between I2 and 9, is 
the fame as the dtffercnce between 9 and 6, vtz 3. 

And here the fum of the extr«:roc terms is’ equal to the 
film of the means, or to double the Tingle mean when 

there is but one. As 12 + 6 = 9 + 9 = 

Geometrical Proportion Is the equality between tvvo 
creometrical ratios, or between the quotients of the 
° ^ - • ,1,^ n A. A. where O 19 tO O as 6 13 


Miv --- that of the id, the mui- freometncal ratios, or ociwcc. 

.nnUiplc of the ^ of the 4th ; or if the Lms. As in ihe three 9, 6, 4. where 9 is to 6 as 6 ,3 

4. thusdenoted9:6::6 = 4; i = ?, being 
.l^t r .1 - !« -irn ,r**Piiter than that of the ath. each equal 4 or i ‘ ^ , , n r 


•r ouantitics whatever, though a very obfeure one. 

are qufie different things. For. ratio 
relation of two magnitudes “ o 

fame kind i a« the ratio of 4 to 8, or of 1 5 to 30, 
cF I to a-) and fo implies or refpefts only two terms or 
Sings. But Proportion refpeas four terms or things, 
0? two ratios which have each two terms. 1 .‘J.':; 
S term may be common toloth ratios, and then 
the Proportion is expreffed by three terms only, 

4, 8, 64, where 4 is to 8 as 8 to 04. 

^ Proportion is alfo fumetimes confounded vnth mo- 
rrcflion. In faa, the two often coincide ; the ditftr- 


cn equui ^ ui 4 4. ^ , j n f 

And in this Proportion, the reaangle or product ot 
the extreme terms, is equal to that of tliC two means, or 
the fquare of the Tingle mean when there is but one. 
For 9X4 = 6x6 = 36. 

Harmonical Proportion, is when the firlt term is to 
the third, as the difference between the ift and 2d is to 
the difference between the 2d and 3d ; ,01 in foui teirr. 
•when the iff is to the 4ih, as the difference between 
the iff and 2d is to the difference between the 3d and 
4lh ; or the reciprocals of an arithmetical Proportion 
are in harmonical Proportion. As 6, 4, 3 ; becaulc 
6 ; 3 : : 6 - 4 = 2 : 4 - 3 = M or bccaule hifj 
are in arithmetical Proportion, making 4 *^ 3 
J + J = A. Alfo the four 24, J 6, 12, 9 are in har^ 
monical Proportion, becaufe 24 ! 9 • • ^ ' 3 * 

See Proportionals^ ' , . 1 ,1 

Compafs o/Proportion, a name by which the 
Ficnch, and fomc Englifh authors, call the Scaor. 
Rule of Proporti.on, in Anthmetic, a rule by which 

• e I ' "P 


iXKfC X K.wrwR s *,viv, in ^ ^ 

11-.... , 


continuca rropumuii, w. ■ 

in the fame ratio, via, fhe ift to the ad. the ad to he 
4d. the ad to the 4tb, &c i the terms i, 4, 8, ib, 
|c ( fo tlat progrelfiou is a feries or contmuation of 

^"^^oportion is cither contiuual, or difcrCte ot inter- 

'^"^he Proportion is continual when every two adja- 
cent terms have the fame ratio, or w^'h the conft- 
fluent of each ratio is the antecedent of the fol- 
lUing ratio, ami fo all the terms form a progreffion , as 
rr. 8. ‘6. a is to 4 as 4 to 8, and as 8 

** Dffcrete or interrupted Proportion, is when the con- 
fcquent of the ratio is different from the antecedent 
of the ad, »c } as a, 4, and 3, 6.. 

Proportion is alfo either pircfl or Inverfet 

Proport ittN is w'hen trtor6 tequii'cs more,, or 
lefs requires lefs. As it wiU require more men to per- 
form more work, or fewer men for lefs work, m the 

fame time. . , ■ ^ 

Inver/t or F?efx>nira/PaoPORTioM, iswliertjtaorere. 
quires lefs. or left requires more. 
rtore men to perfotm tht lame w6rk .in left time, or 
fewer men in more time. '5*1 men cah^ierforma 
piece of work in f; daysi .ho* .many>enyan,dqthc 
lai^c iu 10 days* Th6n, 


hree. _ . . 

PROPORTIONAL, relating to Proportion. As 
Proportional Compaffes, Parts, Scales, Spirals, &c. 
See the fevcral terms. . 

Proportional CompnJfeSy arc compiffes with two 
pair of oppofite legs, like a St. ^ Andrew’s crofa, by 
which any fpace is enlarged or diminiflicd in any pro- 

^PRbe’oRTioNAi. Part, is a part of fome numbertliat 
is analogous to fomc other part or number { fuch as the 
Proportional parts in the logarithms, ahd dther ta- 

Proportional called alfoLogarlthmic Scales, 
arc the logarithms, or artificial numbers, placed on 
lines, forihe cafe and advantage of multiplying and di- 
viding &c, by pieans of compaffes, or of ffiding rulers. 
Thcfcarc in effea fo many lines of numbers, as they 
are called by Gunter, but made finglc, double, tiipie, 
or quadruple ; beyond which they fcldom go. Sc: Oun- 
’FER*8 5c4/f, Scale, &c. 

Proportional Scc Spiral. 

PROPORTIONALITY, the quality of Propor- 
tionals. This term is ufed by Gregory St. Vincent, tor 
the prop ortio9 tH?t la bt^weeu the cxj^onqits ot tour 

"widPORtldNALS, nee *liA terns 

tiosft f coofiftlng of two extreiws, virltwlj^afip the “f” 

, ►ay, ^ ^ 


u 

and 
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and lad terms of the fet| and the means, winch arc the 
Tcft of the terms. .Thefe Proportionals may be either 
arithmeticals, geometricals, or harnionicala, and in any 
number above two, and alfo either continued ordifeon- 
tinned. 

Pappus gives this beautiful and fimple compavifonof 
the three kinds of Ih-oportionnls, ai ithmctic.d, geome- 
trical, and harmoiilcal, viz, <7, c beingf* the hrll, fe- 
cond and third terms in any Inch proportion, then 
In the arithmetical^, a <17 
in the geometneaL, a , b j- j : ^ ^ — r. 

in the harmonieals, a \ o J 

See M F A N P report tonal. 

Cunliniied Proport ionah, foim what is c^dled a pro- 
greilion ; for the propcitles of which fee Pk.ogrls- 

SION. 

I, Pr( pet lies of Proportion A Ls. 

(For what refpe^ls Progredions and Mean Piopor- 
tionals of all forts, fee Mkan, and Progression.) 

1. Four Arithmetical Proportionals, as 2, 3, 4, 5, 

are Hill Pioportlonals when iaverfely, 5, 4, 3, 2; 
or alttniiiiely, thus, - - 2, 4, 3, y; 

01 iuvei illy and alternately, thus - 5, 3, 4, 2, 

2. If two Arithmeticals be added to the like terms 
of other two Aritlnneticals, of the fame difference or 
aiithmctical ratio, the fums will have double the fame 
didlienee or arithmetical ratio, . 

So, to 3 and 5, whole difference is 2, 
add 7 and 9) whofe dlfllrence is alfo 2, 
the fums 10 and 14 have a double diff. viz 4. 

And if to thtfe fums be added two other numbers alfo 
in tlie fame difference, the next fums will have a tiiplc 
ratio or difference ; and fo on. Alfo, whatever be the 
latiosof the terms that are added, whether th^famcor 
diffcient, the fums of the terms will have fuch arithme- 
tical ratio as is compofed of the fums of the others that 
are added. 

So 3 , whofe dif, is 2 

and 7 , JO, whofe dif. is 3 

and 1 2 16, whofe dif. is 4 

make 22 , 31, whofe dif. is 9. 

On the contrary, if from two Arithmeticals be fub- 
trafted others, the difference will have fuch arithmetical 
ratio as is equal to the differences of thofe. 

So from 12 and 16, whofe dif. is 4 

take 7 and 10, whofe dif. is. 3 

leaves 5 and 6, whofe dif. is i 

Alfo from 7 and 9, whofe dif, is 2 

take 3 and 5, whofe dif. is 2 

leaves 4 and 4, whofe dif, is o 

3* Hence, if Arithmetical Proportionals be multi- 
^‘phed or divided by the fame number, their difference, 

J'l anthraetical ratio> is alfo multiplied or divided by the 
lame number. 

VoL. IL 
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II. Properties of Geometrical Proportionals^ 

The propel ties 1 elating to mean Picporiiorals 
are gi\en under the term Mean Proportional ; fame 
are alfo given under the article Propornon ; and fomc 
additional ones are as below : 

1. To find a 3d Proportional to two given numbers, 
ora 4th Proportional to three: In the former cafe, mul- 
tiply the 2d term by itfelf, and divide the prodiid by 
the ill: and in tiie latter cafe, multiply the 2d tcrni 
by the 3d, and divide the piodu6f by the ill. 

So 2 : 6 : : 6 : i8, llic 3d prop, to 2 and 6: 

and 2 5 : i^', the 4th prop, to :,6, and^. 

2, If the terms of any geometrical ratio be aug- 

mented or dlminilhcd by any others in the fame ratio, 
in* proportion, the fums or dilfercnces will dill be in 
the fame ratio or propoition. ^ 

So if a \ h \ \ c il, 

then IS a : b :: a L : h ±1 d : \ c : el. 

And if the terms of a ratio, or proportion, he multi- 
plied or divided by any one and the fame number, the 
produ6lsand quotients will dill be in the fame ratio, or 
proportion. 

Thus, a : b i i fia : nit 

n n 

3, If a fet of continued Proportionals be either aug- 
mented ordimininu-d by the fame pait orpaiLs ofthem- 
fclves, the fums or diUcienccs wdll alfo be Proporti- 
onals. 

Tluw if /7, by Cy dy &c bc Propors, 

then aie « ± ^ ± — , r ± &c alfo Propors. 

n n n ‘ 

where the common ratio is i ± 

n 

^ And if any fmgle quantity bc either augmented or 
dlmlniflicd by fome part of itfelf, and the refult be alfo 
increafed or diminifhed by the fame part of itfelf, and 
this third quantity tuated in the fame manner, and fo 
on ; then fhall all thtfe quantities bc continued Propor- 
tionals. So, beginning with the quantity j, and taking 
always the «th part, then fliall 

, a 2 ii , 

ay a i — -r — , bc Proportionals, 

n n rr 

ore/, a ±: —y (a± — )% (a rt — )b Sir, Propors. 

H n n 

the common ratio being i ± , 

n 

4. If one fet of Proportionals be multiplied or divi- 
ded by .my other fet of Projiorl ionals, each term by each, 
the pjoducls or quotients will allb bc Proportionals. 


Thus, 

if a \ 

fta 

: h : nh. 

and 

c : 

me : 

; d : md ; 

theij^ is 

ac : 

mnac : 

: hd \ mnbdy 

and 

a . 

tia 

b nh 



• mmmm • -J 

c 

me 

' d ' mb 


If there be ftveral continued Proportionals, then 
'whatever ratio the id has to the 2d, the id to the 3d 
Q^q diall 
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il mll have tlic duplicate of the ratio, the ift to the 4th 
tli< triplicate of it, and foon. 

So in Oy nq^ n^ay &c, the ratio being n ; 
t])«n a : «*/>, or ! to a*, the duplicate ratio, 
and a ; or 1 to the tiiplicatc tatio, 

ind fo on. 

6. In tliree continued Proportionals, the difference 
between the ill and 2d tciiu, is a mean Propoitlonal 
between the ill term and the fecond diilercuce of all 
the terms. 


Thus, In the thiee Propor. ay nay n'^a ; 
Terms) illdlfs. | 2d dif. 


r'a — m- 

na — a 


u^a •— iva 4* 


then a nii — a : i na — a : n'^a — 2 na + 


Or In the numbpis 2, 6, 18 ; 


18 

6 

2 


8 the 2(1 difference ; 


then 2, 4, 8 are Proportionals. 

When four (juantities are in proportion, they are 
alfo in proportion by invcrfion, C'unpofition, divifion, 
Itc } thus, ( 7 , ua^ by nb being in proportion, viz, 

na IX b : nb ; then by 
a : : nb : b ; 


1 

2 < 

4 < 

5 < 

6. Divifion 


Inveifion 

Alternation 

Compolition 

Converfion 


!: 


na : 
a 

a + na \ 
a na X 

— na \ 

— na \ 


b XX na X nb ; 
na X X b nb X nb ; 

a XX b nh X b ; 

a XX h —• nb X b ; 
na ; : — nh x nb. 


HI. Properties of Harmonical Proportionals, 

1. If three or four numbers in Harmonical Pro- 
portion, be either nuiltiphed or divided by any num- 
ber, the pTod«6\s or (pioutiits will alfo be Harmonical 
Proportionals. 

Thus, 6, 3, 2 bting haimon. Propor. 

then 12, 6, 4 are alfo harmoii. Proper. 

*fid ii h ^ liarmon, Piopor. 

2. In the three Harmonical Proportionals a, by c, 
wlun any two of thefe are given, the 3d can be found 
from the definition of them, viz, that <2 ; e :xa^bxb-^c\ 
for hence 


I = — *- the harmonical mean, and 
ah 

c =r j the 3d harmon. to « and hi 

la ^ 


3. And of the four Harmonicals, a, 1 , c, d, any 
tlirce being given, the fourth can be found from the 
ddinilion of them, viz, that a x d x x a ^ I? x c d ; 
for thence the three b, e, </, will be thus found, viz, 




zsd ^ ac 


lad — Id , 


4. If there be four numbers difpofed in order, as 
3 » 4 » of which ohe ei^treaic and the two mid- 
dle term^are in Arithmetical Proportion, and the other 


extreme and the fame middle terms are in Hannonical 
Proportion ; then arc the four terms in Geometrical 
Proportion ; fo here 

the three 2, 3, 4 are arithmeticals, 

and the three 3, 4, 6 are harmonicals, 

then the four r, 3, 4, 6 arc gcometricals. 

5. If between any t\^o numbers, as 2 and 6, there 
be interpofed an arithmetical mean 4, and alfo a har- 
monica'l mean 3, the four will then be gcometricals, viz, 
2 ; 3 ; : 4 ; 6. 

6. Between the three kinds of proportion, there is 
this remarkable difference ; viz, that from any given 
number there can be ralfed a continued arithmetical fe- 
rlcs iiicreafing ad infinitum, but not dccreafing ; while 
the harmonical can be dccroafcd ad infinitum, but not 
inert afed; and the geometrical admits (jf both. 

PROPOSITION, is cither fome truth advanced, 
and ihewn to be fucli by demonllratlon ; or fome ope- 
ration jrropufed, and its fohition fnewn. In flioit, it 
is f(/mcthing propofed cither to be demonffrated, or to 
be done or performed. The former is a theorem, and 
the latter is a problem. 

PROS I'HAPHERESIS, In Aftronomy, the differ- 
ence between the true and mean motion, or betw’ccn 
the true and mean place, of a planet, or between the 
true and etpiated anomaly ; called alio Equation of the 
Orbit, or Equation of the Centre, or fimply the Equa- 
tion ; and it is equal to the angle formed at the planet, 
and fubtended by the cxcentilcity of its orbit. 

Thus, if S be the fun, and P the place of a planet 
in its orbit APB, whofe centre is C. 



Then the mean anomaly is the 4 ACP, 
and the true anomaly the 4 ASP, 
the difference of which is the 4 CPS, 

which is the Profthapheiefis ; which is fo called, bc- 
cauic it Is fometimes to be added to, andfometimes to 
be fubira(flcd from the mean motion, to give the tiuc 
one ; as is evident from the figure. 

PROTR ACTING, orPROTRACTiON, in Surveying, 
the of plotting or laying down the dimenfions taken 
in the field, by means of a Protraftor, &c : Protrd(ffing 
makes one part of furveying. 

Protr4cting*P//i, a fine pointed pin, orneedle, 
fitted Into a handle, ufed to prick off degrees and mi- 
nutes from the limb of the Protraftor. 

PROTRACTOR, a mathematical jnftrument, 
chiefly ufed in furveying, for laying down angles 
upon paper, &c. 

The fimpJeft, and moft natural Prptradlor confiflj 
of a femicircular limb ADB (fig. 7, pL xJx) common- 
ly of metal, divided into 180®, and fubtended by a dia- 
mctci AB ; in the middle of which is a foiali uotcb C, 
4 call<d 
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t^\ed the centre of the Protraftor. And for the con- 
vcniencc of reckoning both ways, the degrees afe num- 
bered from the left hand towards the right, and from 
the right hand towards the left. 

But this inftrument is made much more commodious 
by U-ansfeirlHg the dlvifjons from the citcumferencc to 
the edge of a ruler, whofe fide EF is piyallel to AB, 
which is eafily done by laying a ruler on the centre C, 
and over the fever al divifious oh the femicircumferencc 
ADH, and rrnrkiug the iuterfedlions of that ruler on 
the line EF : io thnt a ruler with thefe divlfions marked 
on one of its ihU o as above, a.vi returned down the two 
ends, and numbeicd botii way» as in the circular Pro- 
tradlor, the fouitli or blank fide reprefenting the dia- 
meter of the circle, is both a more ufeful torm than 
the circular Protractor, and better adapted for putting 
into a cafe. 

To muL:' ci*}y *ivith the ProtraQor, — Lay the 

diameter of the Protrador along the given line which is 
to be one tide of the angle, and its centre at the given 
angular point ; tlien make a mark oppofite the given 
degree of tlie angle found on the limb of the inilru- 
ment, and, removing tlie Protiaddor, by a plane ruler 
laid over that point and the centre, draw a line, which 
will form the angle fought. 

In the fame way is any given angle meafured, to find 
the number of degrees it contains. 

This Protractor is alfo very ufeful in drawing one 
line perpendicular to another j which is readily done 
by laying the PiotraClor acrofs the given line, fo that 
both its centre and the 90th degree on the opposite 
edge fall upon the line, alfo one of the edges pafiing 
over the given point, by which then let the pcipendicu- 
Jai be drawn. 

Improved pR ora ACTOR is an infirument much 
like the former, only furnifhed with a little nfore appa- 
ratus, by which an angle may be fet off to a fingle mi- 
nute. 

The chief addition Is an index attaclied to the centre, 
about which it is moveable, fo as to play freely and 
ftendily over the limb. Beyond the limb the index is 
divioLd, on both edges, into 60 equal parts of the por- 
tions of ciicles, intercepted by two other right lines 
drawn from the centre, fo that each makes an angle of 
one degree with lines drawn to tlie affunied points from 
the centre. 

To fet off an angle of any number of degrees and mi- 
nutes with this Protraftor, move the index, fo that one' 
of the lines drawn on the limb, from one of the foit- 
mentioned points, may fall upon the number of degrees 
given ; and prick off as many of the equal paits on the 
proper edge of the index as there are mmutes given ; 
then drawing a line from the centre to that point fo 
pricked off, the required angle is thus formed with the 
given line or diameter of the Protrador. 

PROVING of Gunpo^nlcr, See Eprouvette, and 
Gun powT>«R, 

PSEUDO-Stella, any kind of meteor or plyeno- 
menon, appearing in the heavens, and refembling a 
ftar, 

PTOLEMAIC, or Pt^lomaic, fomething relating 
to Ptoloary.j as the Pwlomaic Syftein, the Ptolomaic 
^phere> See System, Sfhshs, ^c. 


PTOLEMV, Or ProLOMv, (Clavbios), a very 
celebrated geographer, afironomcr, affd maihematl- 
cian, among the Ancients, was born at Pclufiiim in 
Egypt, about the 70th year of the Chriffian era ; and 
died, it has been faid, in the 78th year of his age, and 
in the year of Chrift 147. He taught aftronomy at 
Alexandria in Egypt, wheiehe made many agronomi- 
cal obfervations, and compofed his other works. It is 
certain that he flourifhed in the reigns of Marcus Anto- 
ninus and Adiian : for it is noted in his Canon, that 
Antoninus Pius reigned 23 years, which (hews that he 
himfelf furvived him ; he alio tells us in one place, that 
he made a great many obfervations upon the fixed Hart 
at Alexandria, in the fecond year of Antoninus Pius; 
and in another, that he obferved an eclipfe of the moon, 
in the ninth year of Adrian ; from whicli it is resfonablc 
to conclude that this allronomer's obfervations upon the 
heavens wxre many of them made between the year 
12 j and lijo. 

Piolomy has always been reckoned the prince of aftro- 
nomers among the Ancients, and in his works has left 
us an entire body of that fcience. He has preferved and 
tranfinltted to us the obfervations and principal difcovc- 
ries of the Ancients, and at the fame time augmented 
and enriched them with his own. He corredted Hip- 
parchuses catalogue of the fixed liars ; and formed ta-^ 
blea, by which the motions of the fun, moon, and pla- 
nets, might be calculated and regulated. He was in- 
deed the full who colledled the Icaitcred and detached 
obfervations of the Ancients, and digelled them into a 
fyfiem ; which he fet forth in his live 

Magna CoufirutUo^ divided into 13 books. He adopt! 
and exhibits here the ancient fyftem of the world, which 
laaed thceartli in the centre of the univerfe ; and this 
as been called front him, tlie Ptolomaic Syftem, 
dilHnguifh it from thofe of Copernicus ana Tycho 
Brahe. 

About the year 827 this work was translated by the 
Arabians into their language, in wliich it was called AU 
magejlumy by order ofone ol tlicir kings ) and from Ara- 
bic into Latin, about 1230, by the encouragement of 
the emperor Frederic the 2d. There were alfo other 
vcifious from the Arabic into Latin ; and a manufcript 
of one, done by Girardus Cien\onenfis, who liouriflicd 
about the middle of the 14th century, Fahriaiis fays, is 
Hill extant in the library of All Souls College in Ov 
ford. The Greek text of this work began to be read i/i 
Europe in the i^tli century ; and was firtl publlfiicd by 
Simon Grynaeus at Bafil, 1538, in folio, with the eleven 
books of cornmentaric'? by Thcon, who flonrifiied at 
Alexandria in the reign of the elder Theodofius In 
J541 it was reprinted at Balil, with a Latin vcrfico by 
George Trapezond ; and again at the fame place in 
1551, with the addition of other works of Ptolomy, 
and Latin verfionsby Camerarius. We learn from Kep- 
kr, that this lall edition was ufed by I’ycho. 

Of this principal work of the ancient allronom^rs, 
it may not be improper to give here a more particular 
aecotmt. In general, it may he obferved, that the work 
\s founded upon the hypothefis of the earth’s being at 
reft in the centre of the uniVy rfe, and that the heavenly 
bodies, the liars and planets, ail move around it in folid 
orbs, whofe motions 4re uU direded by onCi which Pto- 
2 lomy 
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lomy called the P/imum Mobile^ or Firft ifovct', of 
which he difcourfes at large, i^ut, to be more particu- 
lar^this great workjs divided ioto 13 books. 

In the firft book, Pioloiny that the earth is in 
the centre of ihofc orbs, and of the oniverfe itfelf, as 
he nnderdood it ; he veprefents the earth as of a fphe- 
rical figure, and but as a point iu conopanfon of the 
reft of tl le heavenly bodies: he treats concerning the 
fcveral c'rclcs of the earth, and their diftancer- from the 
e pntor ; as alfo of the right and oblique afeenfion of ^ 
heavenly bodies in a right fphere. 

In the 2d book, he tieats of the habitable parts of 
the earth; of the clevaiion of (he pole in an oblique 
fplieie, and the v.oions nngles which the fexeral circles 
make with the horizon, aeconling to the diiroent lali- 
tude of pMces ; alfo of the [djenoinena of the heavenly 
bodies ek pending on the fame. 

In tile ^d book, he treais of the quantity cf the 
yi'ar, and of the unequal rnotum of tlie lu.j tin (/ugh the 
zodiac: he hcie gives the metliod of computing the 
mean motion of tlie fun, with tables ot the lame ; and 
likewife treats of the inequality of daya and niglits. 

In the qtli book, he treats of the lunar motions, and 
their various phenomena : he gives iuhk s for finding the 
moon’s mean motions, with her latitude and longitude : 
he difcoiirfes hugely concerning lunar epicycles ; and 
by comparing tlic times of a gieat number of eelipfes, 
mentioned by Ilippaichns, Calippus, and others, he 
has coinpulcd the places of the fun and moon, accoid- 
iiTg to their mean motions, from the full year of Na- 
bonazar, king of Egypt, to his own time. 

In the 5th book, he treats of the inftrument called 
the Allrolabe : he treats alfo of the eccentricity of the 
lunar orbit, and the inequality of the moon^s motion, 
according to her diftance fiom the fun : he alfo gives 
tables, and an univerfal canon fur the inequality of the 
lunar motions : he then treats of the difieient afpeds or 
phafes of the moon, and gives a computation of tlie 
diameter of the fun and moon, with the magnitude of 
the fun, moon and earth compared together ; he ftates 
alfo the different meafurcs of tiic diftance of the fun and 
moon, according as they are determined by ancient 
mathematicians and philofophers. 

In the 6th book, he treats of the conjundions 
and oppofitions of the fun and moon, with tables for 
computing the mean time when they happen ; of the 
boundaries of foiar and lunar eelipfes ; of the tables and 
methods of computing the eelipfes of the fun and moon, 
tvith many other particulars. 

In the 7th bowk, he treats of the fixed ftars; and 
(hews the methods of deferibing them, in their various 
conftcllations, on the furface of an artificial fphere or 
globe ; he redifics the places of the liars to his own 
time, and (hews how dinerem thofe places were then, 
from what they had been in the times of Timocharls, 
Hippaichus, Ariftillus, Calippus, and others : he then 
lays down a catalogue of the wars in each of the nor* 
them conftellations, with their latitude, longitude, and 
magnitudes. 

In the 8th hook, he gives a like catalogue of the 
flars in the conftellations of the fouthern hcmifphcrc, 
and in the 1 2 figns or confteUations of tl^ zodiac. This 
it the firft catalogue of the ftars now extaati and forms 


the mod valuable part of Ptolomy’s worts. He then 
treats 6f the ^baxy, or milky-way ; alfo of the plane- 
tary a fpeds, with the riling and fetting^of the fun, 
thoon, .and ftars. 

to the 9th book, he treats of the order of the fun,, 
moon, and planets, with the periodical revolutions of 
the five planets ; then he gives tables of the mean mo- 
tions, beginning with, the theory of Mercury, and 
ihewing its various phenomena with relped to the 
earth. 

The lOtli book begins with the llieo’y of the planet 
Venus, treating of its grcatell dillance from the fun ; 
of its epicycle, cccentrlelly, and periodical motions: 
it then treats of the fame particulars in the planet 
Mars. 

The iith book treats of the fame circnmftances in 
the theoiy of the planets Jupiter and Saturn, It allb 
corredfi all the planetary motions from obfervatioiis 
made from tlie time of Nubonazar to his own. 

'I he I2lh book treats of the rctrogrcIHvr mtition of 
the feveral planets ; giving aUb tables ol their ftatlons, 
and of the greateft diftances of Venus Und Mercury 
from the fun. 

The 13th book treats of the feveral hypothefes of the 
latitude of the five planets ; of the greateil latitude, or 
inellnation of the orbits of the five planas, which are 
cofnputed and ilifpoled in tables ; of the nfing and fet^ 
ting of the planets, with tables of them. Then follows 
a conclufion or winding up of the whole work. 

This great work of Ptolomy will always be valuable 
on account of the obfcivalions he gives of the places of 
the ftars and planets iu former times, and according to 
ancient philofopheis and allronomers that were then 
extant ; but principally on account of the large and cu- 
rious catalogue of the liars, which being compared 
with their places at.prefent, we thence deduce the true 
quantity of their flow progrefiive motion according to 
the order of the figns, or of the precefilon of the equi** 
iioxes. 

Another great and important work of Ptolomy was, 
his Geographyy in 7 books j in which, with his ufual 
fagacity, he fcarches out and marks the fituation of 
places according to their latitudes and longitudes ; and 
he was the firft that did fo. Though this work miift 
needs fall far ihort of pcrfetliGn, through the want of 
necclfary obfervations, yet it is of conliderable merit, 
and has been very ufeful to modern geographers. Cella- 
rius indeed fiifpedts, and he was a very competent 
judge, that Ptolomy did not ufe all the care and appli- 
cation which the nature of his work required ; and his 
reafon Is, that the author delivers himfelf with the fame 
fluemey and appearance of certainty, concerning things 
and places at the remoteft diftance, which it was impof- 
fible be could know any thing of, that he does con- 
cerning thofe wfiich lay the neareft to him, and fall the 
moft under his cognizance. Salmafius had before made 
fome remarks to the fame purpofc, upon this work of 
Ptolomy. The Greek text of this work was firft puh- 
lilhedby itfelf atBafil in I533» in 4to : afterward with 
a Latin vcrfion and notes by Gerard Mercator at Am- 
fterdam, 1605 ; which laft edition was reprinted at the 
fame place, 1618, ia folioi with neat geographical ta- 
bles, by Bertius, . 
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, Other works of Ptolomy, though Icfs confidemblc 
than thefc two, arc flill extant. As, Lihrt qmiuor de 
JudieVts AJltorum^ upon the firft two books of which 
Cardan wrote a commentary. — FruClus Librorum fuorum\ 
a kind of fupplcment to the former woxk.^RecenJto 
Chronologica Return : this, with another work of Pto- 
lomy, De Hypothefihus Planttarumy was publifhed in 
1620, 4to, by John Bainbridge, the Savlliaa profcflbr 
of Ailronomy at Oxford : And Scaligcr, Petavius, 
Dodwcll, and the other chronological writers, have , 
made great ufe of it. — Apparent'idt Stcllarum Inerrantium : ^ 
this was publiihed at Pans by Petavius, with a Latin 
verfionfU^^o, in folio; but from a mutilated copy, 
the defedfs of which have fincc been fupplied from a 
perfect one, which Sir Henry SaviUe had communi- 
cated to archbifhot) Ufher, by Fabiicius, in the jd vo- 
lume of his Bibliolleca Grace?. — Eleiik^ntorum Hannonito- 
rim lihri tres ; puhliOied in Greek and Latin, with a 
commentary by Poiphyry the philofophcr, by Dr. Wal- 
lis at Oxford, 1682, in 4to ; and atterwards repainted 
tiicre, and inferted in the 3d volume of Wallises works, 
i 6(;9, in folio, 

Mubillon exhibits, in his German Travels^ an effigy 
of Ptolomy looking at the ilars through an optical tube; 
which effigy, he faVvS, he found In. a maiiufcript of the 
1 3lh century, made by Conradus a monk. Hence 
fomc liave fancied,, that the ufe of the telefcope was 
known to Conradus. But this is only matter of mere 
conjedure, there being no fads or teftimonies, nor cvai 
probabilities, to fupport fuchan opinion. 

It is rather likely that the tube was nothing more 
than a plain open one, employed to llrengthen and de- 
fend the eyedight, when looking at pauicular liars, by 
excluding adventitious rays from other ftars and objedts.; 
a contrifance which no obferver of the heavens can ever 
be fuppofed to have been without. * 

PULLEY, one of the five mechanical poweis ; con- 
ffiling of a little wlicel, being a circular piece of wood 
or metal, turning on an axis, and having a channel 
aiound it, in its edge or circumference, in which a 
cord Aides and fo raifes up weights. 



Pulleys Is cdled a Syftcm of Pulleys, or Polyfpallon : 
fomc of which are in a block or cafe, which is fixed ; 
and others in a block which is moveable, and rlfcs with 
the weight. The wheel or rundle is called the Sheave 
or Shiver j the axis on which it turns, the Gudgeon ; 
and the fixed piece of wood or iron, into which it is 
.put, the Block. 

DoBrhe of the Pulley. — i. If the equal weights 
P^nd W hang by the cord 13 B upon the puUcy A, 
^A&fe block b is fixed to the beam HI, they will coun- 
JlSfpoife each other, jiill in the lame manner a.s if the 
cord wore cut in the middle, and Its two ends hung upon 
the hooks fixed in the Pulley at A and A, equally dif- 
tant from the centre. 

Hence, a finglc Pulley, if the lints of direction of 
the power and the weight be tangents to the pLi iphcry, 
neither affifis nor impedes the power, but onlv changes 
its dirc 61 ion. The ufe of the Pulley tlicrefoie, is when 
the vertical diredlion of a ymwer is to be changed Into an 
hoiizontal one; or anafeending dircitiou ano a liefcend- 
ing one ; he. This is found a good provii’un for the 
fafety of the workmen employed in drawnug with the 
Pulley. And this change of direClitm bv means of a 
Pulley has this farther advantage; that it any power 
can exert more force in one dirediouthan another, wc 
are hence enabled to employ it with it ? gjc itcll efiecH ; 
as for the convenience of a horfe to draw in a horizon- 
tal diredlion, or fucb like. 

But the great ufe of tlu: Pdlcy is in combining fcvc- 
ral of them together; tlius foiining what Vitruvius 
and ethers call PoIyfpalU ; the advjintagcs of which 
are, that the machine takes up but little room, is cafi- 
ly removed, and raifes a very great weight with a mo- 
derate fbree, 

2* When a weight W hangs at the lower end of the 
moveable block p of the Pulley D, and tjic chord GF 
goes under the Pulley, it is plain that the jiart G of 
the cord bears one half of the weight W, and the part 
F the other half of it ; for they bear the whole between 
them ; therefore whatever holds the upper end of cither 
rope, fullains one half of the weight ; and tlius the 
power P, wliich draws the cord F by means of the coid 
E, puffing over the fixed pulley C, will fuflain the 
weight VV whcLi itsintenfity is only equid to the half of 
W j that id, in the cafe of one moveable Pulley, the 
power gained is as 2 to r, or as the number ol ropes 
G mid F to the one rope E. 

In like manner, in the cafe of two moveable Pulleys 
Pand T ., each of thefc alfo doubles the power, and pro- 
duces a gain of 4 to 1, or as the number of the rope-^? 
Q, M, S, K, fiillaining the weight W, to the i rope 
O fuftaining the power T ; that is, W is to T as 4 to 
I. And fo on, for any number of moveable Pulleys, 
viz, 3 fuch Pulleys producing an increafeof power as 6 
to 1 ; 4 Pulleys, as 8 to i ; &c ; each jpower adding 2 
to the number. Alfa the eflcfl is the lame, .when the 
Pulleys arc dlfpofed as in the fixed block X, and th^! 
other two as in the moveable block Y ; tlicfc in the 
lower block giving the fame advantage to the power, 
when they rife aU ’together in one block with tlic 
weight. 

Sot if the fewer Pulleys do not rife aU together in one 
block with the weight, but aft upon one another, hav- 
ing the weight only fa^eued to the lowcft of them, the 
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force of the power js fliH more increaH^d, each powrer 
doubling’ the former numbers, the gain of power in this 
«tife proceeding in the geometrical progreflion, i, 2, 
4, 8, 16, &c, according to the powers of 2 ; where- 
at in the former cafe, the gain was only in arithmetical 
progrcffioti, inercaiing by the addition of 2. Thus, a 
power whofe ititcnfity is equal to 81 b applied at a will, 
by means of the lower Pulley A, fullain i 61 b; and a 
powe*" equal to 41b at by means 
of the Pulley» will fuflain the 
powci of Slbading at <7, and con- 
feqiiently the weight of 1 61b at 
\V ; alfo a third power equal to 
•lb at f, by means of the Pulley 
C, will fiiflain the power of 41b at 
i ; and a 4lh power of ilb at^, by 
moans of the Pulley D, will I'uf- 
tain tlie power 2 at r, and confe- 
qucntly the power 4 at B, and 
the power 8 at A, and the weight 
16 at W. 

3. It is to be noted however, 
that, in whatever proportion the 
power is gained, in that very fame 
proportion is the length of time 
increafed to produce the fame cf- 
fe6\. For when a power moves a 
weight by means of fevcral Pulleys, 

•the Ipace pafll'd over by the power 
is to the fpace pafled over by the 
weight, as the weight is to the 
power. Hence, the fmallcr a force 
18 that fuftains a weight by mean* 
of Pulleys, the flower is the weight ralfed j fo that what 
ifi faved or gained in force, is always fpent or loft in 
time ; v hlch is the general property of all the mechani- 
cal powers. 

The ufual methods of arrangii^ Pulleys in their 
blocks, may be reduced to two. The firft confills in 
placing them one by the fide of another, upon the fame 
pin ; tile other, in placing them diredly under one ano- 
thcr, upon feparatc pins. Each of thefe methods how- 
ever is liable to inconvenience ; and Mr. Smeaton, to 
avoid the impediments to which thefe combinations arc 
fubjed, propofes to combine thefe two methods in one. 
See the Philof. Tranf. vol. 47, pa. 494. 

Some inftances of fuch combinations of Pulleys arc 
exhibited in the following figures j befide which, there 
are alfo other varieties of forms, 

A verv confidcrable improvement In the conftrudion 
of Pulleys has been made by Mr, James White, who 
ha* obtained a patent fur his invention, and of which 
he give* the following description. The laft of the 
three following figures Ihews the machine, confifting of 
two Pulley* (^and R, one fixed and the other move- 
able, Each of thefe has fix concentric grooves, capa- 
ble of having line put round them, and thu* ading 
like ai many diftVrcnt Pulleys, having diameter* equ 5 
to thofe of the grooves, Suppofing then each of tiie 
-grooves to be a diftind Pulley, atjd that all their dia- 
meter* were equal, it is evident that if the weight 144 
were to be raifed by pulling at S till the Pulleys touch 
each other, the firft Pulley muft receive the length ^ 
lint AI many time* as there are parts of the line baugtr^ 


between ft and the lower Pulley. In the prefent cafe, 
there are'iz lines, /, &c, hanging between the 



two pulleys, formed by its revolution about the fix upper 
lower grooves. Hence as much line mull pafs over the 
uppermoft Pulley as is equal to twelve times the dillance 
of the two. But, from an Infpcfflion of the figure, it 
is plain, that the fccond Pulley cannot receive the full 
quantity of line by as much as is equal to the dilhnee 
betwixt it and the firft. In like manner, the third 
Pulley receives Icfs than the firft by as niuch os is the 
diilance between the firft and third ; and fo on to the 
laft, which receives only one twelfth of the wliolc. For 
this receives its lhare of line « from a fixed point in the 
upper frame, which gives it nothing j while all the 
others in the fame frame receives the line partly by turn- 
ing to meet it, and partly by the line coming to meet 
them. 

Suppofing now thefe Pulleys to be emial in fi/e, and 
to^ move freely as the line determines ttiern, It appc.ns 
evident, from the nature of the fyilcpi, thu the num- 
ber of their revolutions, and confcqtiently their veloci- 
ties, mull be in proportion to the number of fufpeud- 
ing parts that are between the fixed point above men- 
tioned and each Pulley rcfpe^lively. Thus the outer* 
moft Pulley would go twelve times round in the time 
that the Pulley under which the part n of tlie line, if 
equal to it, would revolve only once ; and the intirme- 
dIale times and velocities would be a feries of arithme- 
tical proportional*, of which, if the fiift number weic 
I, the laft would always be equal to the whole number 
of term*. Since then the revolution* of equal and diib’n^ 
Pulley* are meafured by their velodtics, and that it is 
poifible to find any propot tjon of velocity, on a finglc 
body runningon a centre, viz, by findiug proportionate 
diilance* front that centre ) it follows, ^at if the dia- 
meter* of certain groove* in the fame fubftance be cx- 
i^tty adapted to the above ferie* (the line itfi^f being 
Atpp(di»djbKlAftk| and ^ m magaitude) the necefity 
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•f uiinff Several PuUeys m each frame \#ill be obviated, 
•lid with that Tome or the luconvemencies to which the 
ufc of the Pulky is liable. 

Iq the figure referred to, the cods of rope by which 
the weight is fupported, are reprefented by the lines 
c &c j j is ihe line of trabion^ commonly called 
the fall, which paffes over and under the proper grooves, 
until it is failened to the upper frame jufi above w. In 
practice, however, the grooves are not aVithmctical 
proportions, nor can they be fo ; for the diameter of 
the rope employed mull in all cafes be dedufted from ^ 
each term; without which the fmaller grooves, to 
which the faid diameter bears a larger proportion than 
to the larger ones, will tend to rife and fall falter than 
they, and thus introduce worfc dcfedls than thofe which, 
they were Intended to obviate. 

The principal advantage of this kind of Pulley is, 
that it deltroys lateral fridioii, and that kind of Ihak* 
ing motion which is fo inconvenient in the common 
Pulley. And Icll (fays Mr. White) this circiiinftancc 
fliouldglve the idea of weaknefs, I would obferve, that 
to have pins for the pulleys to run on, is not the only 
nor perhaps the bell method ; but that Ifometimcs ufc 
centres fixed to the Pulleys, and revolving on a very 
llrort bearing in the lideof the frame, by which llrcngth 
ijuncrcafed, and fridion very much diminifiicd ; for to 
the lall moment the motion of the Pulky ispeifcdly 
circular: and this very circumllaiice is the caufeof its 
not wearing out in the centre as foon as it would, af- 
fixed by the ever increafing irregularities of a gullied 
bearing, Thcfe Pulleys, when well ^ecuted, apply to 
jacks and other machines of that nature with peculiar 
advantage, both as to the time of going and their own 
dui*abihty ; and it is pofiiblc to produce a fyllcm of Pul- 
leys of this kind of iix or eight parts only, and adapted 
to the pockets, whicli, by means of a fl<airi «f Icwiiig 
filk, or a clue of common thread, will raile upwards of 
an hundred weight. 

As a fyllem of Pulleys has no great weight, and lies 
in a fmall compafs, it is eafily carried about, and can 
be applied for railing weights in a great many cafcs, 
w here other engines cannot be ufed. But tliCy are fub- 
j<d to a great deal of fn’dion, on the following ac- 
counts ; \iz, ill, becaufe the diameters of their axes 
bear a very confidcrable proportion to their owiidiame- 
tcis; zJ, becaufe in vNovking they aic apt to rub 
dgninll one another, or againlt the fides of the block ; 
3dly, becaufe of the ftifl'nefs of the lope that goes over 
and under them. Sec Fergufon’s Mech. pa. 37, 410. 

But the fricflion of the Pulley is now reduced to no- 
thing as it were, by the ingenious Mr. Garnett^s pa- 
tent frii^llon rollers, which produce agreatfaving of la- 
bour and expence, as well as in the wear of the ma- 
chine, both when applied to Pulleys and to the axles of 
wheel-carriages. His general principle is this ; betw'ccn 
the axle and nave, or centre pin and box, d hollow fpace 
is left, to be filled up by fplid equal rollers nearly 
touching each oilier. I'hcfe arc furnifhed with axles 
inferted into a circular ring at each end, by which their 
relative difiances are preferved ; and they are kept pa- 
lalld by means of wires fadened to the rings between 
the rollers, and which arc rivetted to them. 

The above contrivance is exhibited in the annexed 
figure ; where ABCD repreUeata a |Hcct of metal to 


be inferted into the box or nave, ©f which E is the cenircp 
pin OP axle, and 1, i, i, &c, rollers of metal having 



axes inferted in the brazen circle which paffes through 
their centres ; and both circles being rivetted together 
by means of bolts pafling between the rolleis from one 
fide of the nave to the other j and thus they are always 
kept fepgrate and parallel. 

PUMP, in Hydraulics, a machine for raifing water, 
and other fluids. 

Pumps are probably of very ancient ufc, Vittuvlus 
aferibes the Invention to Ctefebes of Athens, fome lay 
of Alexandria, about Ko years befoie Chrill. They 
are now of various kinds. As the Sucking Pump, the 
Lifting Pump, the Forcing Pump, iShtp Pumps, Chain 
Pumps, By means of the lifting and forcing 

Pumps, water may be raifed to any height, with a fuf- 
ficiciit power, and an adequate apparatus : but by the 
fucking Pump the water may, by the general preflure of 
the atinolphere on the furface of the well, be raifed 
only about 33 or 34 feet ; though in piat^tice it is fel- 
dom applied to ihe railing It much above 28 ; bccaide, 
from the variations oblervcd in the barometer, it ajppeara 
that the air may fometimes be lighter than 33 feet of 
water; and whenever that happens, for want of the 
due counterpoife, this Pump may fail in its perform- 
ance. 

ne Common Pump. — This confifls of a pipe, 

of wood or metal, open at both ends, having a fixed 
valve in tlie lower part of it opening upwards, and u 
movfablc valve or bucket by which the water is drawn 
or lifted up. This bucket isjuU. the fizeofthe buie of 
the Pump-pipe, in that part where it works, and lea- 
thered round fo as to fit it veiy clofe, that no air f^iay 
pafs by the fides of it ; the valve hole being in the mid- 
dle of the bucket. The bucket is commonly worked in 
the upper pait of the batul by a fliort rod, and another 
fixed valve placed jull below the delCf'Dl of ihe bucket. 
'■J'hus, (fig. I, pi, 23), AB is the Pump-pipe, C the 
lower fixed valve, opening upwaidwS, and D is the 
bucket, or moving valve, alfo opening upv.'ards. 

In working the Pump; draw up the bucket D, by 
means of the Pump lod, having any fort of a handle 
fixed to it : this draws up the vv^rcr that is above it, or 
if not, the air; In either cafe ihe water pufhes up the 
valve C, and enters to fupply the void left between C 
and U, being pufhed up by the prclfure of the atmo- 
fphere on the lurface of the water in the well below, 
Niixt) the bucket D is pufhed duwn| which fhuts the 
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valve C, and pi events the return of the water downwards, 
uhlch opens the \alvc D, by \\Klch the water afeends 
al)t)vc it. And thus, by repeating the ftrokes of the 
rump-tod handle, tlie valves altcrnattly open and Ihut, 
and till v.Mler ia drnun up at e\ery llrohe, and runs out 
al the no/Ie or fpoul niav the lop, 

7 /'<f Pi ?ip difi'eis from the fucking Pump 

only in the difpofition of its valves and the form of its 
pillon frame, 'riii:, kind of I'ump is repufented in^ 

3, pi. 23 ; uluu* the lower valve D is moveable, b( 
worked up and dowm with the Pump rod, which 
llie water up, aiul (o ojiens the upper valve C, which is 
iixed, niid peinut>i the water to iHue through it, and 
t nil out at top, I'lun as the pillo.i D defeuids, the 
W'cight of the water above C fliuiathat valve C, and fo 
pievents its letuiii, 1. 11 that valve be opened again by 
aiioiliei Ilk of the pifloii 1 ). And To alternately. 

7/v l''o}(hi<^ Ih'M 1’ lail’es the water |liiongh llic fuck- 
Ci, 01 lower valve C (llg. 5, pi 2'^), in thcfameiuan- 
ner a > the lucking Piiiu]) ; but as the pillon or plunger 
L) has MO valve in it, tlie water cannot get above it 
wdien this is pullicddown again; iullead of wliicli, a 
lide' pipe is Inferttcl betva’cn C and D, havinu- a fjxcd 
^ live at Vj opening njiwanls, through which the water 
i-- kneed out of the Pump by puflung down the 
plunger 1). 

Co/iivad'Vts OH Pumps . — The force required to work 
ii Pump, isiqnal to the weight of water raifed at each 
' oke, or equal to the weight of water filling the cavity 
ol lhepipc, and its hciglit equal to the length of the 
I'lokc made by the pillon. Hence if r/ denote the<lia- 
metcr of tlicpipe, and/ the length of the llrokc, both 
in Indies; then is ’7854.7^/ the content of the water 
i'lifcd at a flroke, in inches, or 'ooz^d^l in ale gallons ; 

;ind the w tight of it is — • ounces or -^-^Ib. But if 
220 3520 

the handle of the pump be a lever which gains In the 
power of / to 1, the. force of the hand to woik the 
c/*/ 

Pump w'ill be only --y-— lb, or, when /> is 5 for in- 


ilr.ncc, it will be 


35 ‘O; 
17600 


lb. And all thefe over and 


above the fiidlon oftbemoving parts of the Pump. 

To the foicing Pump is fonieiimes adapted an air vef- 
fel, whieh, being comprcired by the water* by its claf- 
tieity ads upon the water again, and forces it out to a 
parent diltanie, and in a continued flream, infteadofby 
jcrlvs or jets. So, Mr. Ntwft.am’^s water engine, for 
CAtinguii'lu’ug lire, confdls of two forcing Pumps, 
which alternately drive water into aclofc veflel of air, 
by which naeans the air in it is condenfed, and com- 
prefTes the water fo Hrongly, that it rufhes out with 
great irnpetuofity and force through aepipe that comes 
down into it, making a continued uniform flream. 

By means of forcing Pumps, water may be raifed to 
any height whatever above the level of a river or fpring ; 
and machines may be contrived to work tliefe Pumps^ 
either bv a running fliTam, a fall of water, or by horfes. 

Ctejtlesh Pump, ads both by fudion and by preflion. 
Thus, a brafs cylinder ABCD (fig. 5, pi. ajJ.fur- 
nifbed with a valve at L, is placed in the water. In this 
H fitted the plfton KM, made of green wood, which 
#?I11 not fwcU in the water, and is adjufted to the 


aperture of the cylinder with a covering of leatheri 
but without any valve. Another tube NH is fitted 
on at H, with a valve I opening upwards. — Now the pif- 
ton being raifed, the water opens the valve L, and rifes 
into the cavity of the cylinder. When the pifton isde- 
prefled again, the valve I is opened, and the water is 
driven up through the tube HN. 

This was the Pump ufed among tlie ilncicnte, and 
that fiom which both the others have been deduced. Sir 
Samuel Moiland lias endeavourcxl to iiicreafe its force 
by lefTcnlng the fiidion ; which he has done to good 
effed, fo as to make it work with very little. 

There arc various khids of Pumps uled In fliips, for 
throwing the water out of the hold, and upon otiier oc- 
cafions, as the Chain Pump, &c. 

.r/zr-PuMP, ill rniumatics, is a machine, by nieani 
of whicli the air is emptied out of vcfl’cls, and a kind 
of vacuum produced in them. For the pnrtieulais oi 
which, fee Air-Pz/;;;/>. 

PUNCHFON, a meafurc for liquids, containing 
-3 of a tun, or a hogfiieail and -J, or 84 gallons. 

PUNCIIINS, or PuNCmoNs, in Building, flimt 
pitits of tunber placed to fuppoit fonic cunlidcrabic 
weight, 

PUNCTATED HyperhoJa^ In the higher geometry, 
an hyjieibola whofc conjugate o\al is inliiiltily fmal!, 
that is, a point. 

PUNCl'UM ex Comparatme, is either focus, in 
the cllipfc or hypcibola ; fo called by Apollonius, be- 
enufe the redlangle under two abfciUcs made at the fo- 
cus, is equal to one fourth part of what he calls the fi- 
gUie, whieh is the fquarc of the conjugate axis, or tlic 
reiflaiigic under the tiaiilverfe and the parameter. 

PURBACH (OEoROii), a very eminent mathema- 
tician and allronomer, was born at Putbacli, a town 
upon the confines of Bavaria and Aufiria, in 142 3> and 
educated at Vienna. He afterwards vilited the moll ce- 
lebrated iiniverfitics in Germany, France, and Italy ; 
and found a particular friend and patron in caidinal 
Cufa at Rome. Reluming to Vienna, he was appointed 
mathematical profefTor, in which office he continued till 
his death, which happened in 1461, in tlie 39th year of 
his age only, to the great lofsof the learned world. 

Piirbach compoftd a great number of pieces, upon 
mathematical and allronomical fubjedls j and his fame 
brought many ftudents to Vienna, and among them, 
the celebrated Regiomontanus, between whom and 
Purbach there fubulied the (Iridlefl fiiendfliip and union 
of ftudies till tl>« death of the latter, '‘J’hefc two la- 
boured together to Impiove every bianch of learning, 
by all the means in their power, though allronomy 
feems to have been the favourite of both ; and had not 
the immature death of Purbach prevented his fuither 
purfuits, there is no doubt but that, by their joint in- 
duflry, aftronoray would have been earned to very great 
perfedion. That this is not merely furmife, may be 
learnt fromthofe improvements wlvich Purbach actually 
did make, to render, the ftudy of it more eafy and prac- 
ticable. His firft cflay was, to amend the Latin tranf- 
lation of Ptolomy’s Almagcft, which had been made 
from the Arabic vcrfion ; this he did, not by the help 
of the Greek text, for he was unacquainted with that 
language, but by drawing the moft probable conjedurts 
from a attentioa to the fenfe of the author, 

He 
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tpa^ular^wben th< baft la « triangle, quadrah- 
;t(f^ Wbeif a quadrangle, ^c. . 

THc axis of the Pyramid, ti tbe line drawn from the 
vi#fe»'fo th^ centra of i the bafe. When this axis is 


I tVqp tMmofig them. 

biie vrtotc a wI^jcK he, ^titled, An Introdu^imh 
tHefi f tfei09 0 n(jnon^nics^ or Dtal/in^t 
Wrt\ labia feed b. the djfe^ence of climates or lau- 
tudes } lik^wife a fthaP traa concerning tlie Mttudts of pcr^dlcular to the baft, the Pyramid is faid to be a 
the Su!^ tritb a lid>lcVa|fo, Afroichk Casons, with a ^ight dne; otnerwife it is oblique, 
table of the parallels, prppofttoncd to every degree of , !♦ A Pyramid may be conceived to be generated by 
the cquinodial. ^ *^2® moved about the vertex, and fo carried round the 

After this, he cpnftriiftcd Solid Spheres, or Cclcftial of the baft. 

Globes, and comppftd a new table of fixed flars, addv Pyramids hating equal bafts and altitudet, 

ing the longitude by. which every ftar, fince the time equal to one another : though the figures of their 
of Ptolomy, had incrcaftd. He likewift invented va- bafts fhould even be different, 
rious other inftrunients, among which was thc/ Gno- 
mon, or Geometrical Square, with canons and a table 
for the uft of it. , 

He not only collef^cd the various tables of thc 
Primurn Mobile, but added new ones. He made very 
great improvements in Trigonometry, and by intro- 
ducing the table of Sines, by a decimal divifion ofthc 
radius, he quite changed the appearance of that fclence : 
he fuppofed the radius to be divided into tSooooo equal 
parts, and computed thc fines of the arcs, for every 
ten minutes, in fuch equal parts of the r^ius, by the 
decimal notation, inftead ot thc duodecimal one deli- 
vered by thc Greeks, and preftrved even by thc Ara- 
bians till our author's time ; a projcA which was com- 
pleted by his friend RegiomontanISs, who computed 
the fines to every minute of the quadrant, in looooooth 
parts of thc radius. 

Having prepared the tables of thc fixed ftars, he 
next undertook to reform thoft of th^ planets, and con- 
firufted feme entirely new ones. Having fmiflied his 
tables, he wrote a kind of Perpetual Almanac, but 
chiefly for the moon," anfwering to the periods of Me» 
ton. and Callppus ; alfo an Almanac for tnc Planets, or, 
as Regiomontanus afterwards called it, an E^cracris, 
for many years. But obftrving th'ere were lome pla- 
nets in the heavens at a great diftance from thc places 
where they were deferibed to be in the tables, particu- 
larly thc fun and moon (the cclipfts of which ‘Were ob- 
ferved frequently to happen very different from thc times 
predifted), he applied himftlr to conftfu£t new tables, 
particularly adapted to cclipfts ; which were long after 
tamous for their exa^anefs. To the Tame tiinC may be 
referred his finifhing that celebrated' work, entitled, 

Mw Theory of the Planets, which Regiomontanus 
afterwaVds puMifiled the firft of all the works executed 
at his new printing-hbuft. ^ 

PURE HjffiMd, is an Hyperbola without any 
oval, n'odif, cufp, or coi^ugaCc point ; which happens 
through the impofllbility of two, of its itiotf. 

Pure Mathematics, Prop^tties,' ^^rtUks, &c. 

Sec the fevcril articles. . ; i 
PURLINES, in Architc6faire, thpfc pieces of tim- 
ber that lie acroft the rafters on the ipfide, to keep 
them fh>m finking in thc middle of their length. 

PYRAMID, a folid having, any piano’ figure for 
H# baft, and its fides triangles whole vortices all meet in 
> point at ihf ■ |op, tajled the vorttjx of the pyramid ; 
the baft- of each triangle being^^the fides. of the plane 
haft ofthc fyramid.-r-^«^iHiinf>erof trianji^ais equal 
the number of ijft fides .of tbc/b^c i and-a cone is a 
voiind Pymthid,or Wying ap quijiibef, of fides. 

•“The Byi^ihid Js' aRo <kii4MMl^te4 from fu baft, 

Voc, Ui ' * 


3. Every Pyramid is equal to one-third of thc cir- 
cumferibed prifm, ora prifm of the fame baft and alti- 
tude j and therefore thc folid content of the Pyramid 
is found by multiplying the baft by the perpendicular 
altitude, and taking { of thepiodud. 

4. The upright ftirface ot a Pyramid, is found by 
adding together thc areas of all thc triangles wliivh 
form that furface. 

c. If a Pyramid be cut by a plane parallel to thc 
bale, the fe&ion wih be a plane figure fimilar to the 
bafe j and theft two figures will be in proportion to 
each other as the fquares of their diftances from the 
vertex of thc Pyramid. 

6. The centre of gravity of a Pyramid is diftant 
from the vertex { of the axis. 

Frifium of a Pyramid, is the pan left at thc bottom 
when the top is cut off by a plane parallel to thc 
baft. 

The folid content of thc Fruftum of a Pyraqaid t$ 
found, by firft adding into one fum the areas of the 
two ends and the mean proportional between them, thc 
3d part of which fum is a medium fedlioR, or is the bafe 
of an equal prifm of the fame altitude ; and therefore 
this medium area or fe^lion multiplied by the altitude 
gives the folid content. So, if A denote the area of ond 
end, a the area of the other end, and h the height } 
then I (A -f- a 4- \a) is the inedium area or ftc- 
tion, and J ( A + a -j- ha) X h is the folid con- 
tent. 

Pyramids ^ Egvpt, are very nUmcfoui, coiintingj 
both great and fmall; but the moft remarkable ard 
the three Pmmids of Memi^is, of, as they are noW 
called, of Gheifa or Gixe. They a^e fquarc Pyramids; 
and the dimpnfions of the grhateft pf them, are yod 
ftet on each fide of the bafe, and the oblique height or 
fiant fide the fame; its baft covers, or (lands upon, 
neaily 1 1 acnes of ground. It is; thought by fome that 
theft Pyramids were defigned and uftd as gnomons, fqt; 
aftronomicalpurpofts ; and it is rcmaykaDlc that 
libur fidcs are acci||?itely in the dire£Hon of the four 
cardinal points of the compafs, caft, weft, north, and 
fouth. . 

PYRAM-IDAL Numbers, arc the fum* of polygonal 
numbers, coUe^ed after- the fame manner as tliepolyi 
gonai numbers tbemftlves ore found from arithniK;tici4 
pr^ eflious. . ^ 

Theft aye pai:ticu|ailycalted Firft PyramidalSf ^ Iflie 
fums ofEirft lpyramidals are called Second Pynwpjtftjsvf 
and the fums of the 2d are 3d Pyramidals ^ »an4. 

OH, Rarriqularly, thofe arifing from triangular ,uumher8| 
are oalled Brime Triangular Pytamldatsi thoft arifinji 
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from pentagonal nnn\ber8, arc called Prime Pent^onaV 

Pyramldals j and fo on, , . ■* 

The nvimbers ' li 4i P* 20, S^t 

are nfu^^lly calli'd fimply by the name of P)''a* 
midaU; and the general formula for finding them ift 


fo' the 4th Pyramidal is 


by fubllitutlng 4 for « ; the 5th by fubftitiiting 5 for 
«; &c. v3te Figurate Numbtirs, and Polygonal 

Ku'rt'frs. 

PVRAMIDOID, i? fometimes ufed for the para- 
bolic fpindK’, or the folid formed by the lotalion of a 
fern {parabola about itb bafe or greatell ordinate. See 

Parabolic Sp'mdlt* 

PYROMKTP'Ri or ftre-mtafurcr, a nuebine for 
nuafuring tho expanfion of folid bodies by beat. 

Midrchcnbiotk was llie fiitl inventor of .this inftru- 
rpent j though It has fince received fcvcral improvements- 
by oth<r philofophera. lie lias gi\cn a tabic of the 
cxpanfioi^of the different metals, with various degrees 
of heat. Having prepared cylindric rods of iron, (leel, 
copper, braio, tin, and lead, he expofed them firll to a 
Pyrometer with one flame in the middle; then with 
two flames ; then fucceffively with three, four, and five 
flames, Tlie effefts were as in the following Table, 
where the degrees of expanflon are marked In pails 
equal to the 1 2500th part of aii inch. 


Exp.anfit)n of 

It on 

Steel 

Copp. 

Brafs 

Tin 

Lead 

By I flame 

By 2 flames 1 

80 

8s 

89 

IIO 

»53 

JSS 

placed clofc > 
together J 

By 2 flames at 1 
2iinche8dif- > 


123 


220 


274 

109 

94 

92 


219 

J63 

tant j 




1 



6y3 flamesclofe ) 
together ) 

141 

168 

>93 

|275 



By4flamei clofc! 

• togelhei^ j 

21 I 

270 

270 361 



By 5 flame! 

230 

310 

310 

•377 




Tin eafilyr tftchf when heated by two flames, placed' 
^t^ toffcto^; and lead with three flames clofc toge- 
when Yhcy burn long. 

It hcrtw appear! that the expanflons of any metal* 
ifC ia^alefs negrcc than the number of flames; fo two 
Bamei give lefs than a double expanflon, three flames 
kfs than a tripk expanflon, andfb on, always more and 
more below the raf k) of the number of flames, /tnd the 
lame! pheed together caufe' a greater expanflon, than, 
with an interval between them. 

For the conflru 61 ion of MufTchenbroek's Pyrometer, 
with illeiattons and improvements upon it by Defagu- 
Men, fee Defag. Exper. Philof. vol, 1, pa% 421 ; fee 
w$lfo MuflRhjabroek's tr^llatjon of the Experiments of 
ike Acadfemy dslCimento^pfinted at Leyden la l73[i j* 


aijdfcr a Pyrotocter of a' M i^onflfu 21 :!on^ by whlcb 
the expanflons of. metals fn poiliflj fluids may' be ‘ex- 
amined and compared witlh F^etmCit*'! thcrmbtAeter,. 
fee Muffehenb. Introd.'adnillof. Nit 410, 1^62, vol 2,, 
pa. 610, • 

Cut as it has been obfervcd, that Mnlfchcnbtoek^S 
Pyrometer was liable to fomc obje 61 ions, thefe have 
been removed in a good mcafure by Elilcott, who has 
given a deferipiion of his Improved Pyrometer in the 
Fhilof. Tranf. numb. 443 ; and'ibe Game may be feen in. 
the Abrldg. vol. 8', pa. 464. This inftrument mta- 
furcs, the cxpanfions to (he yzeeth part of an inch; 
and by means of it, Mr. Ellicott found, upon a medium, 
that the expanfions of bars of different metals, as nearly 
of the fame dimcnflons as poflible, by the fame degree of 
heat, were as below : 

Gold, Silver, Brafsj Copper, Iron, Steel, Lead.. 

73 103 95- 89 60 56 149 

The great difference between the expanfions of iron 
and brafs, has been applied with good fuccefs to re- 
move the irregularities in pendulums ariflng fiom heat. 
Philof. Tranf. vol. 47, pa, 485. 

Mr. Graham ufed to mcafiiie the mlnu'e expanfions 
of metal bars, by advancing the point of a micrometer 
fcicvv, till it fepflby flopped again fl the end of the bar 
lobe raeafured. This ferew, being fmall and very tightly 
hung, was capable of agreement within the 3000 or 
4000th part of an Inch. And on this general princi- 
ple Mr. Smeaton contrU-ed his Pyrometer, in which the 
mca fares are determined by the contact of a piece of 
metal with the point of a microraeter'fcrew. This in- 
ftrument makes the ejtpanfions fenflble to the 2345th 
part of an inch. And when it is ufed, both the inflru- 
ment and the bar, to be mcafured, .are immerged in a 
ciflern of w'ater, heated to any degree, up to boiling, 
by means of tamps placed under the ciflern-; and the 
water communicates the fame degree of heat to the in- 
ftrument and bar, and to a mercurial thermometer im- 
nnierged in it, for afeertaming that degree. 

With this pyrometer Mr. Smeaton made feveral ex- 
periments, which are arranged in a table ; and he re- 
marks, that their rcfult agrees very well with the pro- 
portions of expanfions of feveral noctals given by Mr. 
Ellicott.. The following Table fhews how much a foot 
in length of each metal expands by an increafe of heat 
correfponding to 180 degrees of Fahrenheit's thermo- 
meter, or to the difference between the temperatures of 
freezing and boiling water,, expreffed in the iQOOOth 
part of an inch. 


1 . Whif e gllifs barometer tube 

2. Martial regulus of antimony 

3. Bllflcred fled 

4. Hard fleel 

5. Iron 

6. BifmdtH- - 

7. Copper, hammered 

8. Copper 8 parfs, mited-with t pirt tm> 

9. Glift brofs - . . 

10, Rraft 16 part!’, with i of tin 

M. Brafa wire ' • - • 

ij. Speculum metal - 

13. Spelter folder, viz z parts bfift and i zinc 

14 * 


joo 

130 

1-58 

147 

167 

204 

218 

225 

229 

ip 

232 

247 

Fiue 
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1 5. Grain tio • ' jgQ 

ji6. Soft foldcrl, TOl<i^|ai..»iHltin ! - 3,01 

17. Zinc 8 parts, with tinvi», ajittic hammered 325 

18. Lead ■ . • • 344 

19. Zinc or fpelter - • 353 

20. Zinc hammered half an inch per fewt , 373 

For a farther account of this inftrument, with its ufe, 
fecPhilof. Tranf. vol. 48, pa. 59S. 

Mn Fergufon has'tonftrufted, and defcrrbed a Py- 
rometer (Le<?t. on Mechanics, Suppli pa. 7, 410), 
which makes the expanfion of metals by heat vifihle to 
tlie 450coth part of an inch. And another plan of a 
Pyrometer has lately been invented by M. Dt Luc, in 
conftquence of n hint fuggclled to him by Mr. Ramf- 
(Icn : for an acc6unt of which, with the principle of Its 
con/lruftion and ufe, both in the comparative meafurc 
of the expanfions'of bodies by heat, and the meafurc 
of their abfolute ekpaufion, Sa w^ll as the experiments 
made with it, fee M. Dc LUc*s elubonitc cllay on Py- 
rometry 8cc, In the Fhilof. Trap f* vol. 68, pa. 419 — 
54 ^‘ ... 

Other very nice and ingenious contrivances, for the 
meafiiring of expan lions by heat, have been made by 
Mr. Hamfden ; which he has fUecefsfully applied in the 
cafe of the mcafuring rod^ and cliains lately employed, 
by General Roy and Col. Williams,’ in meafuring the 
bafe on HounOow Heath, die ; which determine the 
expaniions, to great minutenefs, for each degree of the 
tliein'orneter. See Philof. Tranf. 1785, &c. 

PYROPHORUS, the name ufually given to that 
fubllance by fome called black phofphorus ; being a 
chemical preparation poflefling the fingular property of 
kindling Ipontaneoufly when expofed to the air; which 
was accidentally difeovered by M. Homberg, who pre- ‘ 
pared it of alum and human fceces. Though it has fince 
Ikcii found, by the fon of M. Lemeri, that the Ixces 
are not neceflary to it, but that honey, fugar, flour, 
and any animal or vegetable matter, may be ufed in- 
ftead of the feces J and M. De Suvigny has (hewn that 
inoft vitriolic falls may be fubftitwtcd for the alum. See 
Pritlll^y’s Obferv. on Air, vol. 3, Append, p. 386, 
and vol, 4, Append, p. 479. 

PYROTECHNY,- the art of fire, or the fcience 
which teaches thti application and management of fire 
?n fcvctal operations, 

Pyrotechny is of two kinds, military and chemical. 

Military PyRotecAny, is the fcience of artificial 
hre- works, and fire-arms, teaching the ftrufture and 
ide both of thofe employed in war* as gunpowder, 
‘‘annon, (hells, carcaftes, mines, /ufoes, &c ; and of 
thofe made for amufement, as rockets, liars, fer- 
Fx^nts, &c. 

^omc call ^pyrotechny by the name Artillery; though 
that word is ufually confined to the inllriiments em- 
ployed in war. Others' choofe to call it Pyrobology, 
or rather Pyroballogy, or the art of milfile fires. 

Wolfius has reduced Pyrotechny into a kind of mlx^ 
URathematicttl' ait* Indeed it will not allow of geome- 
trical demonllration# ; but he brings it (o tolerable rules 
^^d reafonsj' whereat it had- formerly been treated by 
•ttthors at rtndora, and without regard to any reafont 
««1. Seethe feyferal articles Carrom, Gvnpowuee, 
*>OCKBT, SHim acc. ► ' 


C^^i«: 4 /Pr|ioTEcaj^Y^i 8 .thc art pf managing and 
applying five in diliilf^uoa^ calcination$, aiid other 
gperatipna of chcmil^vy. r 

^Spme reckon » third kind of Pyrotechny, viz, the 
art of fufing, refining, and preparing metals. 

PYTHAGORAS, one of rhe greatefl philofophera 
of antiquity, was born about, the 47th Olymp»ad, or 
590 years before Chrill, His father’s principal rcfi- 
dqi^ was at Samos, but being a travelling merchant, 
Pythagoras was born at Sidon in Syria; but 
toUu feturning home again, our philofophcr was brought 
up at Samos, where he was educated in a manner tljat 
was anfwerable to the great hopes that were conceived 
of him. .He was colled the youtli witii a fine head 
of hair;’* and from the great qualities that foon appeared 
in him, he w'as regarded as a good genius lent into the 
world for the benefit of mankind. 

Sarnos however afforded no phllofophrrs capable of 
fatiafying his ihirll for knowledge; and therefoie, at 
1 8 years of age, hq refidved to travel in quell of them 
elftwhere. The fame of Pherecydes drew him full to 
the ifland of Syros : .from hence he went to Miletus, 
where lieconvcifcd with I'hales. He then travelled to 
Phoenicia, and (layed fomc tirne at Sidon, the place of 
his birth ; and from licnce be palfcd into Egypt, where 
Thales and Solon had been before him. 

Having fpent 29 years in Egypt, to acquire alf the 
learning and knowledge he could procure in that coun- 
try, with the fame view he travelled through Chaldea, 
and vilited Babylon. Returning after fome lime, he 
went to Crete ; and from hence to Sparta, to be in- 
llruclqd in the laws of Minos and Lycurgus, He then 
returned to Samos; which, finding under the tyranny 
of iPoIycratcs, he quitted ^ain, and vifited the feveral 
countries of Greece, PiifTing through Peloponncfua, 
he (lopped at Phlius,, where Leo then reigned ; and in 
his couverfation with that prince, he (poke w'itli fo 
much eloquence and wifdom, that Leo was at once ra» 
vifhcd and furprifed. 

From Pcloponnefus he went into Italy, and pafTcd 
fome time at Heraclea, and at Tarentum, but made hia, 
chief rcfidcnce at Croton; where, after reforming the 
manners of the citizens by preaching, and ellabhihing 
the city by wife and prudent counlcls, he opened a 
febool, to difplay the ireafuits of wildom and learn- 
ing he poffefled. It is not to be wondered, that he was 
foon attended by a crow d of Jifeiplcs, who repaired to 
him from different parts of Greece and Italy. 

He gave hia fgholars the rules of the Egyptian . 
priells, and made them pnfs through the auilerities 
which he Iiimfelf had endured. He at (ii (t enjoined 
them a five years filcnce in the - fchool, during which ^ 
they were only to hear ; after which, leave was given 
them to ftart que{lion8,and to propofc doubts, under thq 
caution however, to fay, not a little in many words,,, 
but much in a few.’* Having gone through their 
probation, they xvenc obliged, before they were ad- • 
milted, to bring all their fortune into the common 
flock, which was managed by perfons chofen on pwr- 

{ mfe, and, called ceconomilts, and the whole community 
lad all things in common. t 

The ncccffity of concealing their myfferics induced . 
the Egyptians to make ufe of three forts of ftylea, or . 
wap ot exprolEug tbeir thotighu; the (imple, the 
k r 2 hier(%lyphic»l. 
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Mefog!yj))tical, tnd tbc fjrdibotoVJii the fimple, they 
fpokc pwnly and Inielhgtblyi in^Cohtmon coovcrfa- 
tion ; in the hicroglyphical, they concealed their 
thoughfs under certain imk|jeii and charaf^ers; and'in 
the,iymbolical, they txphiitied tbrtn by fliort cxpref- 
ru>i\^, which, under a fonfe and fimple, included 
another vVholly figurative. Pythagorai borrowed thefc 
three difFerein waya friim the Egyptians, in all the in- 
flrn^^ions he gave ; but chiefly imitated the Tymbolical 
flyle, which he thought very proper to inculcate thf 
greateft and moft important truths i for a fymhol, by' 
its doiihle fenfe, the proper and the figurative, ttachoa 
two things at once; and nothing plcafes the mind more, 
th;in the double image it reprefents to our view. 

In this manner Pythagoras delivered many excellent 
things concerning God and the human foul, and a great 
variety of precepts, relating to the condu£t of life, po- 
litical as well as civil ; he matk* a!fo fomc confidctahle 
difeoveries and advances in the arts and fcienccs. Thus, 
among. the woiks aferibed to him, there are not only 
hooks of phyfic, and books of morality, like that 
contained in what aie called his Goldm Ferffs, but 
treat ifes on politics and theology. All thefe woiks arc 
loll : but the vaftnefs of his mind appears fiom the 
wonderful things he performed. He delivered, as an- 
tiquity relates, fcveral cities of Italy and Sicily froni 
the yoke of flavery ; he appeafed feditions In others ; 
and he foftened the manners, and brought to temper the 
mod favage and unruly fpirita, of fevcral people and 
tyrants. Phalaris, the tyrant "of Sicily, it is fnid, was 
the only one who could withlUnd the remonllrances of 
Pythagoras ; and he it feems was fo enraged at hisdif- 
courfts, that he ordered him to be put to death. But 
though the leduics of the philofopner could make no 
impreflion on the tyrant, yet they were fufficient tore- 
animate the Sicilians, and to put them upott a bold ac- 
tion. In (hurt, Phalaris Was killed the fame day that 
he had fixed for the death of the phllofopher. ■ 

Pythagoras had a grdat veneration for marriage j 
and therefore himfelf married at Croton, t daughter 
of one of the chief men of that city, by whom he 
had twoffinsand a daughter; one of the fons fucceeded 
his father in ’the fchool, and became the mailer of 
Empedocles; the daughter, named Damo, was dif* 
tinguiflied both by her learning and her virtues, and 
wrote an excellent commentary upon Homer. It is 
related, that Pyiha^ras had given her fome of his 
writings, with exprefs commands not to impart them 
to any but thofc <'t his own family ; to which Damo 
was io fcnipuloulTy obedient, that even when (he was 
rWuedd fo extreme poverty, fhc refufed a great fum 
•f money them. 

From the country in which Pythagoras thus fettled 
and gave his inftruftionsjhis fociety of diftipleswascalled 
tbc TuHc fcfl of philofophers, and their reputation con- 
tinued for fome ages afterwards, when tbc Academy and 
the Lyeseum united to obfeure and fwallowupthe Italic 
fed. Pythagora8*9 diftiples regarded the words of their 
mafler as the oracles of a god his authority alone* 
though unfupported by reafon, pafled with them fct rea- 
fon itfcif ; they looked on him is the moft perfed image 

God among men. His houfe was called the .tern- 
ulf of Ceres, and his Court yard the temple of the 
littics: and when he weni ialo it was be 


went thither, << not to teach meiv htit to btat 

them." ; _ 

Pythagoras however ww petiem^d by had men ih 
the lift yeaiwof his life t and fotiiie fay he was killed in 
a tumult railed by them againft him ; but according to 
Others, he died a natural death, at 90 yeftrs of age, 
about 497 yeOrs before Cbrift* 

, Sefide the high refped and veneration the world has 
always had for Pythagoras, on accoont of the eKCellence 
of his wifekwp, h^s mqraUty, his theology, and politics, he 
was icuowncd as learned in all the faiences, and a confi- 
derable inventor of many things in them ; ns arithmetic, 
gcomctiy, aftronomy, mufic, &c. In arithmetic, the com- 
men multiplication table Is, to thii« day, ilill called Pytha- 
goras's table. In geometry, it is faid he invtutijd many 
theorems, particularly thefe three ^ ift, Only three 
polygons, or regular plane figures, can, fill up the fpacc 
about a point, vijt, tneicquilkcral triangle, the fquare, 
and the hexagon : 2d, The fun^ of the three angles of 
every triangle, is equal to two right angles; 3d, In. 
any right-angled triangle, the fquare on the lougell 
fide, IS equal to both the fquarcs on the two fliorter 
fides : for the difeovery of this lail theorem, fome au- 
thors fay he offered to the gods a hecatomb, or afacri- 
fice of a hundred oxen ; Plutarch however fays it was 
only one ox, and even *hat is qudlioncd by Cicero, as 
inconfifient with his dodrine, which forbade bloody fa- 
crifices ; the more accurate therefore fay, he facrificed 
an ox made of flour, or of clay ; and Plutarch even 
doubts whether fuch facrifice, whatever it was, was 
made for the faid theorem, or for the area of the para- 
bola, which it was faid Pythagoias alfo found out. 

In aflronomy his inventions were many and great. 
It is reported he difeovered, or maintained the true fyf- 
tern 01 the world, which places the fun in the centre, 
and makes all the planets revolve about him ; from him 
it is to this day called the old or Pythagorean fyllem ; 
and is the fame asthat lately revived by Copernicus. He 
firft difeovered, that Lucifer and Hefperus were but 
one and the fame, being the planet Venus, though 
formerly thought to be two different ftars, The in- 
vention of the obliquity of the zodijic is likewife af- 
eribed to him. He firft gave to the world the name 
Ko/moii from the order and beauty of all 
things comprehended in it ; aifei^tiog that it was made 
according to mufical proportion : for aa he held that 
the fun, by him and his followers termed the fiery 
globe of unity, was feated in the midft of the univerfe, 
and the earth and planets moving around him, fo he 
held tlrat the feven planets had an harmonious motion, 
and their diilanccs from the fun correfponded to .the 
mufical intervals or diviiioqa of the mondchord* 

Pythagoras and his followers held the tranfmigration 
of fouls, making them fucccifively occupy one body af** 
ter another: on which account they abftained iroim 
fiefh, and lived £hie^ on vegetables* 

Pythagoras's Tabie^ the fame as the multiplica- 
tion-table t which fee. 

PYTHAGOREAN, or pyxHAOoaic .SyM 

among Uie Ancients, Was the fame as tlse Copernican 
fyftem among the M^erai* In this fyftam, the fun is 
luppofedat t'eft in the centre, with theeafth and all 
the planets revolving about hiiaaf eacb m- tbfk orUu* 
SeeStsTSM* ^ . 

It 



P y T C 3e5f ] pyx 


It #11 ib iit been maintained 

wd eultitated by Pythig^B, and his followers *, 
not thit il WIs 4 )if¥ehttSd bf * h!frt, for it was miich 
older. . ) w V 

PVTHAOeaeAN is that in the 47th proOO- 

fitionof the 1 ft book of Etichd*# Elerftentsj viz, that 
in a rightrangled triangfle, the fquare of the longeft 
fide, U cquirf to the fUrh Of both the fquares of the 
two (horter Ddi^. It has beeh faid that Pythagoras 
offered a’ heOatoiiab, 6t fttcrihee of 1 06 oxen, to the 


gods, for inrpiriiig him with the diilcoTCry of fo rc^ 
mivkabte a property, 

PYTHAGOREANS, a feft of ancient philofo- 
phew, who followed the doiflrincs of Pythagoras. 
They were qtherwife called tlie Italic fedl, from the 
circumftance of his having fettled in Italy. > Out of his 
fchool oroceeded the greateft philofophers and legifta. 
tors, Zaleucus, Charondas, Archytas, &c. Sec the 
arificlc Pythagoras. 

Pyxis thcfeaman’scompafs. 


> 
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O UADRAGESIMA, a denomination given to the 
time of Lent, from its confifting of about 40-day s ; 
commencing on Afb Wednefday. 

Quadragesima Sunday ^ is the firft Sunday in Lent, 
or the ift Sunday after Afli Wednefday. 

QUADRANGLE, or Quadranoular Ji'^ure/m 
Geometry, is a plane figure having four angles j and 
confequently four ficles alio, 

'Fo the clafs of ^adranglcs belong the fquare, pa- 
rallelogram, trapezium, rhombus, and fhomboidcs. — 
A fquare is a- regular Quadrangle ; a trapeziuty an ir- 
regular one. 

QUADRANT, in Geometry, is either the quarter 
or 4th part of a circle, or the 4th part of its difeumfe- 
rcncc ; the arch of which therefore contains qo degrees. 

Quadrant alfo denotes a mathematical inftrumcnt, 
of great ufe in aftronomy and navigation, for taking the 
altitudes of the fun and ftavs, as alfo taking angfes in 
hirveying, hcights-and>diftanccs, &c. 

This inftrument is varioufly contrived, and furnilh- 
cd with difterent apparatuii, according to the various 
ufes it is intended for ; but they have all tliis in 
common, that they conllft of the quarter o( a circle, 
whofc limb or arch is divided into 90® &c. Some have 
a plummrt fufpended from the centre, arid are furnifhed 
either with plain fights, of a tClefcope, to look 
through. 

The prtncipal and moft ufefnl Quadrants, arc the 
^mmon Surveying Quadraht, the Allrononiical Qua- 
drant, Adams’s Quadrant, Cole’s Quadrant, Col- 
hn^s or Suiton^s CJ^iadrant, Davis’s C^adrant, Gun- 
ter 8 Quadrant, Hadley’s C^adrant, the Horodiflical 
Quadruit, and’ the Sinit^l Quadrtint, &c. Of thefe 
tn their order, 

• A* C^Amdkf 6r Suriftyinp OvATtKAUf , — ^This 
*nftrument ABC, i; pi, 24, is made of brafs, or 
Wood, thoiittio'or archdf BC is divided 

^to po«y arid 'eacfti ofthefo farther divided into as many 
JWaWtht fjiact wfRaft^,'cHher diagonally of 
thcrwifc,, 0 » one. oL the radii AC, arc Sited tw6 
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moveable fights ; and to the centre is fometimes alfo 
annexed a label, or moveable index AD, bearing two 
otUcr lights ; but inftead of thefe laft lights, there isTome- 
times fitted a telcfcope. Alfo from the centre hangs a 
thread with a plummet ; and on the under lide or face" 
of the inftrument is fitted a ball and fucket, by means 
of which it may be put into any pofition. The ge- 
neral ufe of it 1$ for taking angles' in a veitical plane, . 
i:omprehcndcd under right lines going from the centre 
of the inftrument, one of which is horizontal, and the 
other is dircdlcd to fome vifible point. But befidcs the 
parts above deferibed, there is often added on the face,, 
near the centre, a kind of compartment £F, called a ' 
Quadrat, or Geometrical Square, which is a kind of 
feparate inftrument, and is particularly ufeful in Al-- 
timetij and Longimetry, or Heights-and-Diftanecs. 

This Quadrant may be u fed in different lituations 
in each of them, the plane of the inftrument muft be 
fet parallel to that of the eye and the objcdls whofc an- 
gular diftance is to be taken. 'I'hus, for obferving 
heights or depths, its plane muft be difpofed vertically, 
or perpendicular to horizon ; but to take horizontal 
angles or di fiances, its plane mull be difpofed parallel to ^ 
the horizon. 

^ Again, heights and diftances may be taken two ways,... 
viz, by means of tfic fixed fights and plummet, or br 
the label; as alfo, either by the degrees on the limb,- 
or by the Qiiadrat. Thus, fig. 2 pi. 24 fliews the - 
manner of taking an angle of elevation with tliis Qua* 
drant ; thc^ eye is applied at U, and the inftrunicnt 
turned vertically about the centre A, til) the objed R. 
be feen through the lights on the radius AC ; then the 
angle of elevation RaH, made witK the horizontal .. 
line KAH, it equal to the angle BAD, made by the * 
pliimb line and the other radius of the Quadrant, and the 
quantity of it is (hewn by tuc degrees in the arch BD 
ciit off by the plumb line AD. 

See ihc ufe. of the inftrument in my Meafuration, . 
under the feftipn of Heigh^gpd-Diftances. 

3f. TS< Jf/frommial Quad* ant, it a Urge^one, ufu- 

ally 
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ftHy of hrafa or irort bars ; having Its ttmb EF 
(fi?. 3 pi. 24) nicely tllridcd, either diagonally Or other- 
jvilt, into degrees, mlnutta, andfeconds, if room will 
permit, and furnillied either with two pair of plain 
pghte or two telefcopes, one on the fide of the Qna- 
tlrant at AB, and the other CO moveable about the 
centre by means of the ferew G. The dented wheels 
l and H fs‘ivc to dircA the inllrument to any objed or 
phenomenon. 

I'hc application of this ufcful inRrument, in taking 
obfervations of theXiin, planets, and fixed ftars, is ob- 
vious; for being turned horizontally upon its axis, hy 
means of the tclcfeope AB, till the objeft is fecn 
through the moveable telcfcope, then the degrees &c 
cut by the index, give the altitude See required. 

3. Co/Af Quadrant, is a very ufeful Indrument, 
invented by Nlr. Benjamin Cole. It confilh of fix 
parts, uz, (he (laff AB (fig. 1 1 pi. 24) ; the quadran- 
tal arch DE; three vanes A, B, C ; and the veinicr 
FG, The ilafF is a bar of wood about 2 fett long, 
an inch and a quarter broad, and of a fufficicnt thicks 
fiefs to prevent it from bending or warping. The 
quudrantal aicli is alfo of wood^ and is divided into 
degrees and ^dpaits of degrees, to a radius of about 9 
iucfies; and to its extremities arc fitted two radii, 
which meet in the centre of the Quadrant by a pin, 
about which it cafily moves. The fight-vaiie A is a 
thin piece of brafs, near two inches in height, and one 
broad, fet perpendicularly on the end of the (laff A, by 
means of two ferews palling through its foot. In the 
middle of ib!s vane is drilled a fmall hole, through 
which the tolucidencc or meeting of the hoiizon and 
dolar fpot is to he viewed. The horizon- vane B is 
about an inch broad, and 2 inches and a half high, 
having a flit cut through it of near an inch long, and 
a quaiter of an inch bixiad ; this vane is fixed in the 
eentre-pin of the inflrnment, in a pcrpendicubu pofi- 
tion, hy means of two ferews paffmg through its foot, 
by whicii its pofition with refpcfl to the fight-vane is 
always the fame, their angle of inclination being equal 
to 4^ degiccs. The (hade- vane C is compofedof two 
brals plates. Xbt one, which ferves as an arm, is about 
4 j; inches long, and | of an inch broad, being pinned 
5it one end to the upper limb of the l^adrant by a 
, Icrcw, about wdiich it has a fmall motion ; the otner 
end lies in the arch, and the lower edge of the arm is 
dirciled to the middle of the centre-pin : the other 
plate, which is propel ly the vane, is about 2 inches 
long, being fixed peipciidicnlarly to the other plate, at 
about half an inch di (lance from that end next the 
arch ; this vaiic may be tried cither by its (hade, or by 
the folar fpot, cad by a convex lens placed in it. And 
bccaufe the wood-woik is often fubjea to warp or twill, 
therefore this vane may be refllfied by means of a ferew, 
fo that the warping or the inftuiment may occafion no 
error in the oblervatlon, which is pci formed in the fol- 
lowing mannei ; Set tlie line G on tlie vernier agaiiill 
degree on the upper limb of the Qiiadiaiit, and turn 
the fciew on the backfidc of the limb forward or back- 
ward, till the hole in the fight -vane, the centre of the 
glafs, and the funk fpdt in the borizon-vanc, lie in a 
right line. ' x 

To Jnd the Sun^s jilthudf iy this wflrument. Turn 
your back to the fun, holdifig of the iaffru- 

7 


ment with the tight batwli fo ibJft it be'in, afer^ 
tlcal plane paffmg through the. fun ; apply one eye to 
the figiib-v^tM;, looking through that and the horizon- 
vane till the%ori'/.on be feen } with the left hand flidc 
the quadrantal aTcli upwards, till the folar fpot or 
fliade, call by the (hade-vane, fall dire^lly upon the fpot 
or flit in the horizon-vane; then will that part of the 
quadrantal arch, which is raifed abov? G or S (accord- 
ing as the obfervation rcfpeiSts either tlie folar fpot or 
fliade) (hew the altitude of the f^n at that time. But 
for the meridian altitude, the obfervation mud be con- 
tinued, and as the fun approaches the meridian, the 
fea will appear through the horizon-vane, which com- 
pletes the obfervation ; and the degrees and mlnntei;, 
counted as before, will give the fun's mendian altitude: 
or the degrees counted from the lower limb upwards 
will give the zenith dillance. 

4. Adamses Quadrant, differs only from Cole's 
Qiiadrant, jull d^ribed, in having an horizontal vane, 
With the upper pait of the limb lengthened; fo that 
the glafs, wliicli calls the folar fpot on the hoiizon- 
vane, is at the fame dillance from the horizon-vane as 
the fight-vane at the end of the index. 

5. CV/m'x or Sutton's Quadrant, (fig. 8 pi. 24) 
is a llcreographic piojcdlon of one quarter of tk 
fpherc between the tiopics, upon the plane of the 
ecliptic, the eye being in its north pole ; and fiUed to 
the latitude of London, ’J’hc lines running from light 
to left, are parallels of altitude ; and thofe croITing 
them arc azimuths. The fmaller of the two circles 
bounding the projeftion, is one quarter of the iiopic 
of Capricorn; and the greater is a quarUr of the 
tropic of Cancer. The two ecliptics aje uraun fiom .1 
point on the left edge of the (Quadrant, with the clia- 
raders of the ligris upon tliem ; and the two horizons 
arc'drawn from the fame point. The limb is diviJid 
both into degrees and time ; and by having the fun's 
altitude, the hour of the day may heic be found to u 
minute. The quadrantal arches next the ccntie con- 
tain the calendar of months; and under them, in ano- 
ther arch, is the fun’s declination. On the projciflion 
are placed feveral of the moll remarkable fixed liars be- 
tween the tropics ; and the next Ulow the projerSion is 
the Chiadra.it and line of fli-idows. 

To Jiud the Time of the Sun's Rifmg or Settingy his Am- 
plUudey h'' Aximuthy Hour of the Day^ life, hy this 
drant. Lay the thread on the day and the month, and 
bring the bead to the proper ecliptic, cither of funi- 
iner or winter, according to the feafon, which is 
called redifytng ; then by moving the thread bring 
the bead to the horizon, in which caie the thread will 
cut the limb in the point of the time of the fun’s riling 
or fetting before or after 6 ; and at the fame time the 
bead will cut the horizon in the degrees of the fun's 
amplitude. — Again, obfervin^ the fun’s altitude with 
the CJ^iuidrant, and fuppofing it found to be 45® on the 
5th ot May, lay the thread oygr the ^th of May ; then 
bring the bead to the fummer ecliptic, and cany It to 
the parallel of altitude 4>®; in which cafe the tlntad 
will cut the limb at 55® 15', and the hour will be feon 
amon^ the hour-lines to be either 41 ra. pad 9 In the 

morning, or 19m, pall 2 in the afternoon. Ladiyi 

the bead (bevvs among the sutimutha the fun’s diUanee 
from the fouth ^ • 
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Fut tliat if the fim’g ihitude be Icf* than 
what it is at 6 o’clock, the operation miifl be ]>e»form. 
td amon^ thofc paraliels above the iT^er horizon ; 
the bead being rcftified to the winter ecliptic. 

6 . Dnvi/s ADR ANT, the fame as the Back- 
staff ; which Ice. 

7. Gunttci-*s Quadrant, (fiff. 6 pi. 2j^\ fometimes 
Galled the Gunnfr*s iiquare^ is ufed for^elevating and point- 
ing cannon, mortars and confitU of two lynch- 
es cither of wood or brafs, between which is ▼qua- 
drantal arch divided into 90% and furnifhed with a 
thread and plummet. 

The life of this inftniment is very eafy ; for if the 
longer branch, or bar, be placed in the mouth of the 
piece, and it be elevated' till the plummet cut the de- 
gree ncccffary to hit a propofed obje^f, the thing is 
clone. 

Sometimes on the Tides of the longer bar, are noted 
the d ivifion of diameters and weights of iron balls, as 
alfo the bores of pieces, 

8. Gunter* i Quadrant, fo called from its inventor 
Kdmund Gunter, (lig, 4 pi. 24) befide the app»arat 08 
ol other (^ladrants, has a dereogiaphic projedion of 
the fphtre on the plane of the equinoftial ; and alfo a 
calendar of the months, next to the divifions ot the 
limb; by which, befide the common purpofes of other 
Qu^adrants, feveral ufeful qucllions in aftronomy, 5cc, 
arc eafily rcfolvcd. 

Ufe of Gunkr*s ^indrant , — l. To find the fnn's 
meridian altitude for any given day, orcoiiveifely the 
day of tlie year anfwering to any given meridign alii- 
tude. Lay the thread to the day of the month in the 
fcale next the limb ; then the degree it cuts in the 
limb is tlie fun’s meridian altitude. And, contrariwife, 
the thread being fet to the meridian altitude, it fhews 
the day of the month. * 

2. To find the hour of the day. Having put 
the bead, which flides on the thread, to the fun’s 
place in the ecliptic, obferve the fun’s altitude by 
the Quadrant ; then if, the bead be laid over the fame 
in th^imb, the bead will fall upon the hour required. 
On the contrary, laying the bead on a given hour, hav- 
ing fir ft redlified or fet it to the fun’s place, the de- 
gree cut by the thread on the limb gives the alti- 
tude. 

Note, the bead may be rectified otherwife, by bring- 
ing the thread to the day of the month, and the bead 
to the hour-line of 12. 

3. To find the fun’s declination from his place given ; 
and the contrary. Bring the bead to the fun’s place in 
the ecliptic, and move the thread to the line of decli- 
nation E T, fo fhall the bead cut the degree of decli- 
nation required. On the contrary, the bead being ad* 
julled' to a, given declination, and the thread moved 
to the ecliptit;^ the bead will cut the fun’s place. 

4. The fun’s place being given, to find the right af- 
cenfion ; or contrariwife. Lay the thread on the fun’s 
place in the ecliptic, and the degree it cuts on the 
limb is the right afeenfion foughtv And the con* 
verfe, 

5. The fiin’s altitude being ^ten, to find his ar.i- 
muth ; and contrariwife. JKcSify the bead for the 
tirnc, at in the fecond article, and obferve the fun’s 
altitude ; bring the thread to the cojnplcment of that 


altitude % then the bead will give the aramuth fought, 
among the azimuth-lines. 

9. Ihdldfs Quadrant, (fig. 7 pi. 24) fo called from 
its inventor John Hadley, Efq, is now univerfally ufed 
as the beft of any lor nautical and other obfer'- 
vations. ^ 

It ftems the* fit ft idea of this excellent inftrument 
was fuggerted by Dr. Hooke; for Dr. Sprat, in his 
Hiftoiy of the Rojal Society, pa, 246,, mentions tin 
invention of a iiew inftrument for taking angles by re- 
fledllon, by wliioii means the eye at once fees the two 
objeds both aj touching the fame point, though dif- 
tant almoft to a fcmicircle ; w'hlch is of great ufif for 
making exadb obfervutimG at lea. This inftrument is 
difcjibed .and ilkiUrntcd by a figure In Hooke’s Pofthu- 
moiis works, pa. 503. But as it admitted of only one 
rtfledion, it would not anfAcr the pnrpofe. The 
matter however was at laft tfle^Icd by Sir Ilaac New- 
ton, who communicated to Dr. Halley a paper of hit 
own writing, containing the defeription of an ihftru* 
ment with two rcfledlions, which foon after the dolor’s 
death was found among his papers by Mr. Joi^es, by 
whom it was communicated to the Royal Society, and 
it was publiflicd in the Philof T-'ranf. for the year 
1742. See alfo the Abridg. vol. 8, pa. 129. How it 
happened that Dr. Halley never mentioned this in his 
lifetime, i» hard to fay ; but it is very extraordinary ; 
more clpccially as Mr. Hadley had deferibed, in the 
Tranfac. for 1 73 1, his inftrument, whichls conftrudtcd 
on the fame principles. See alfo Abr. vol, 6, pa. 139. 
Mr. Hadley, who was well acquainted with Sir Ifaac 
Newton, might have heard him lay, that l)r. Ifooke'i 
propofdl could be efFeded by means of a double refiec* 
tion ; and perhaps in confequence of this lilnt, he 
miglit apply himfelf, without any previous knowledge 
of what Newton had adually done, to the conftrudioa 
of his inftrument. Mr. Godfrey too, of Pennfylveuia* 
had recourfe to a fimilar expedient ; for w’hich reaf<« 
fome gentlemen of that colony have aferibed the inven- 
tion of this excellent in ft urment to him. The truth 
may probably be, that each of thefe gentlemen dif- 
covered the method independent of one anolliet. Se« 
Abr, Philof. Tranf, vol. 8, pn. 366; alloTraiif; of the 
American Society, vol. i, pa. 2 f Appendix. 

This inftrument confills of the following particu* 
hire; i. An txftaiu, or the 8th part of a circle, ABC, 

2. An index 1 ). 3. The fpeculum. E. 4. Two liori- 

zontal glaffes, F, G. j.Twu fereens, ICnnd K, 6. Two 
light-vanes, H and 1 . 

The odant C(rnriftB of two radii, ABf AC,, 
ftreugthened by the braces L, M, and the arch BC ; 
which, though containing only 45°, is ircvertheltfi 
divided into 90 primary divifions, each of which ftands 
f«»r degrers, and are numbered o, lo, 20, 30, Jic, to 
90; beginning at each end of the arcli for the roiive- 
nience of numbering both ways, cillur for altitudes or 
zenith diftanccs : alfo cacli degree is fulxlivided Into 
minutes, by means of a vernier. But the number of 
thefe divilions varies with the fizc of the -iftHra- 
ment; 

The index is a flat bar, moveable about tho 
centre of the inliTumtnt ; and that part of it which 
flides over the giaduated arch, BC, is open in tho 
middU, with Vernier’s fcale co the lower part of it ; 

aiul 
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and undemiatK ii a fcrewi fervlog to faftca Uie index 
againft any drvifion. 

The (pcculum E is a piece of fiat glafs, qulckfiWcred 
on one fide, fet in a brafg box, and placed perpendi- 
cular to the' plane of the ioftrument, the middle part of 
the former coinciding with the centre of the latter: 
and becaufc the fpcculum is fixed to the index, the po- 
/ition of it will be altered by the moving of the index 
along the arch. The rays of an obferved object aie 
Tcccived on the fpeculom, and from thcncc refleded on 
one of the horizon glaflcs, F or G ; which aie two 
fiiiall pieces of looking glafs placed on one of the 
limbsttheir faces being turned obliquely to the fpeculuir, 
from which they receive the refleded rays of objeds. 
This giafs E has only its lower part filvercd, and let in 
brafs-work ; the upper part being left tranfparciit to 
view the horizon. The gUfs G has in its middle a 
iranfparent flit, through which the horizon is to be 
feen. And becaufe the warping of the materials, and 
other accidents, may difiend them from their true fitu- 
ation, there are three ferews pafling through their feet, 
by whicli they may be cafily replaced. 

The feveeni ar-c two pieces of coloured glafs, fet in 
two fquarc brafi frames K and K, which ferve as 
licreens to take off the glare of the fun's rays, whicli 
would otherwlfe be too firong for the eye ; the one is 
tinged much deeper than the other; and as they both 
move on the fame centre, they may be both or cither of 
them ufed : iu the fituation they appear in the figure, 
^hey ferve for the horizon-glafs F-; but when they arc 
mnttd for the horizon-glafs O, they muft be taken 
from their prefent fituation, and placed on the 
(^drant aboTe G. 

^Thc light-vanes arc two pins, II and I, (landing 
rpcndiculaily to the plane of the inllrumcnt: that at 
hat one hole in it, oppoiite to the tranfparcnt 
flit in the Iwrizon-glafs G ; the other, at I, has two 
holes in it, the one oppofite to the nuddic of the 
tranfparentpart of the hori/on-glafs F, and the other 
laiher Imver than the quick-filvertd part; this vane 
luis a piece of brafs on the back of it, which moves 
round a centre, and ferves to cover either of the holes. 

OJ' the There arc two forts of ohfer- 

vations to be made with this inilrument : the one is 
when the back of the obferver is turned towards the 
<)bje6l, and therefore called the hack ohfirvation ; the 
otlier when the face of the obfener is turned towaixl# 
the object, which is called the fore-oh/trvation. 

To RfSi/y the hjirument for tie Fore-ohfern'at’ion : 
Slacken the I'crcw in the rtiiddle of the handle behind 
the glafs F \ bring the index clofe to the button h ; 
hold the inllrumcnt in a vcrtiral pofitionj^w'ith the arch 
downwards ; look through the right-hand hole in the 
vane I, and through the tranfparcnt part of the 
gJafs F, for the horizon ; and if it lie in the fame 
right line with the im^e of the horizon feen on the 
lilvered part, the glafs F is rightly adiutlcd ; but if the 
two horizontal lines difagree, turn the ferew which is 
at th e lend of the handle backward or fonvard, till thofe 
lines coincide ; then fallen the middle ferew of die 
handle, and the glafs is rightly adjufred. 

To tdkc ylltimJe hy the Pore^obfervation^ 

Having fixed the fcrccns above the horicon-glafs F, 
ttd Anted them proportionally, to the (Irength of thq 


fun’s rays, tarn your face towards the fkn^ ^di^the 
inllriimcnt with your right hand, by th^ bracts Land 
M, ill a vertical pofition, with the downward ; 
. put your eyoclofc to the right-hand bole in the vane 
I, and view the horizop through itift tianfparcnt 
part of the horizon-glafs F, at the fame time mov. 
mg the index D with the left hand, till the reflex 
folar fpot coincides with the line of the horizon ; then 
the degrees counted from C, or that end next your 
bodyUSvill give the fun’s altitude at that time, obferv- 
ing to add or fubtradl 16 minutes according as the up- 
ptr or lower edge of the fun’s reflex image is made ufe of. 

But to get the fun's meridian altitude, which is the 
thing wanted for finding the latitude ; the obfervations 
muft be continued ; and as the fun approaches the me- 
ridian the index D muft be continually .move.d towards 
B, to maintain the coincidence between the reflex fo- 
lar fpot and the horizon ; and confcqueutly as long as 
this motion can maintain the fame coincidence, the oh- 
fcrvaiion muft be continued, till the fun has rcachtd 
the meridian, and begins to defeend, when the coin* 
cidence will require a rerrograde motion of the index, 
or towards C ; and then the obfervation is finilhed, 
and the degi CCS counted as before will give the fun's 
meridian altitude, or thofe from B will give the zenith 
dillance; obferving to add the femi-diameter, or 16', 
when his lower edge is brought to the horizon ; or to 
fubtratl 16', when the horizon and upper edge coincide. 

To take the Altitude of a Star ty the Fore^chfervatmu 
Through the vane H, and the tranfparcnt flit in the 
glafs G, look dirt£lly to the flar ; and at the fame 
time move the index; till the image of the horizon 
behind you, being refieded by the great fpeculurn, be 
feen in the iilvered pait of G, and meet the flar; then 
W'illtbc index fhew the degrees of the ftar’s altilndc. 

To Retify the Injlrument for the Bacl-objervntiijn, 
Slacken the ferew in the middle of the handle, behind 
the glals G ; turn the button h on one fide, ^ind biing 
the index as many degrees before O as is equal to 
double the dip of the horizon at your height above the 
waUr; hold the inftrument vertic^tl, with the aicli 
downwaid ; look through the hoJp. of the vane H ; 
and if the hon’zon, feen through the tranfparcnt Hit 
in the glafs G, coincide with the image of the horizon 
feen in the filvcred part of the fame glafs, then the 
glafs G is in itb pioper oofition ; but if not, fet it by 
the handle, and fallen the ferew as before. 

To take the Stm*s Altitude by the BacFobfenuiiion, 
I’ut the lltm of the fcrccns K. and K into the hole r, 
and in proportion to the (Irength or faintnefs of the 
fun’s rays, let either one or both or neither of the 
frames of thofe glaffcs be, turned clofe to the face of 
the limb ; hold the inftrument in a vertiW pofition, 
with the arch downward, by tke'braccs L and M, with 
the left hand j turn your back to the fun, and put one 
eye clofe to the hole in the vane H, obferving the 
horizon through the tranfparcnt flit in the hori- 
zon glafs G ; with the right hand move the index 
D, till the refledled image of the fun be feen in the 
filvcrcd part of the glafs G, and in a right line with 
the horizon ; fwing yqur body to and fro, Xnd if the 
obfervation be well, made, the. fun ’• image will be ob- 
ferved to bruih thc'jhorixoaf and theAdegrccf. reckoned 

from C, or tba mt of arch fertbttl from 

kduy 
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bo<3y* will ffivc the fun'® altitude at the time of obfer- 
vation j ob^rviug to add i6' or the fun's femidiameter 
if the fun's upper edge be* tifcdi and fubtra6t the fame 
for the lower edgei 

The dirciSlIons jifft given, for taking altitudes at fca, 
would be fufficient, but for t^o corrcAions that arc ne- 
cefTary to be made before the altitude can be accurately 
determined, viz, ohc c>n account of the obferver's eye 
being raifed above the level of the lea, and the other 
on account of the refraction of the atmofphere,. efpe- 
cially In fmcall altitudes. 

The following tables therefore Ihcw the corrections 
to be made on both thefe accounts. 


TABLE I. 

Dip of the Hori- 
nm of the Scj. 


TABLE n. 

Refi actions of the Spars kc in 
Altitude, 

HeiSht 
Ilf the 
hje. 

Dip of 
the Ho- 
I izoa. 

Appar. 

Altitude 

in 

Refrac- 

tion. 

Appar. 
Altitude 
lu Deg. 

Rcfi ac- 
tion. 

Fett. 

/ 


0 

f <■ 

<3 

/ II 

1 

0 57 


0 

33 ® 

It 

4 47 

2 

I 21 


f 

3 ® 35 

1? 

4 ^3 

3 

I 39 


X 

ih 22 


i 3 ® 

5 

2 8 


t 

24 29 

20 

i 35 

lo 

3 1 


2 

35 

^5 

2 2 


3 4 ; 


3 

14 si 

30 

I 38 

2 0 

4 16 


4 

u St 

3 > 

I 21 

25 

4 46 


S 

9 54 

40 

I 8 


5 H 


6 

S 29 

4 ^ 

® 57 


5 39 


7 

7 20 

5 ® 

0 48 

40 

6 2 


8 

6 29 

60 

0 33 


6 24 


9 

- 5 4 ^^ 

70 

0 21 

5 ® 

6 44 


10 

5 *5 

80 

0 10 

• 


General Rules for thefe Corredlont, 

I, In the fore-obfervations, add the fum of both 
corrections to the obferved zenith dittance, for the 
true zenith diftance : or fubtraCt tlie faid fum from the 
obferved altitude, for the true one, 2, In the back- 
obfervatioH, add the dip and fubtraCt the refraCtion, 
for altitudes ; and for zenith, diltanccs, do the con- 
trary, viz, fubtraCt the dip, and add the refraCtion. 

Example, By a back obfervation, the altitude of the 
fun’s low'cr edge was found by Hadley's Quadrant to 
be 25° 12' ; the eye being 30 feet above the horizon. 
By the tables, the dip on 30 feet is 5' 14', and the 
lefraCtion on 25® 12' is 2' I ^ Hence 

Appar. alt. lower limb 25° 12' o'' 

Sun's femidiameter, fub. o 16 o 


Appar. alt* of centre 24 56 o 

Dip. of horizon, add O 5 H 

T, . 25 I H 

RcfraAion, fubtraCt 021 

iVuc alt. of centre 24 ' 59 13 

In the cafe of the mocm, beftde® the two corrections 
above,. another U to be mawde her p^ralla^tes* But 


for all thefe particulars, lee the RequiUte Tables for 
the Nautical Alnjianac, alfo Robertfon's Navigation, 
voh 2, pa, 340 &c, edit. 1780. 

io» BoroJiSical^ Quadrant, a pfetty oommodioui 
inftrument, and is fo called from its ufe in telling the 
hour of the day. Its coiiilrir^ion is arfollows. From 
the .centre of the Quadrant C, (fig. J pi. 24), whofc 
limb AB is divided into 90®, dcfcnbcfcven concentric 
circles at any intervals ; and to thefe add the figns oF 
the zodiac, in the order reprefented in the figure. 
Then, applying a luler to the centre C and the limb 
A B, mark upon the feveral parallels tlio degrees coy- 
refponding to the altitude of the fun, when in them, 
for the given hours; conneCl the points belonging to 
the fame hour vvitliu curve line, to which add the num- 
ber of the hour. To the radius CA fit a couple of 
fights, and to the centre of the Quadr4nt C tic a 
thread with a plummet, and upon the tlnead a bead 
to flide. 

Now if the bead be brought to the parallel in 
which the fun is, and the Qiiadrant he direCled to 
the fun, till a vifual ray pafs through the fights, the 
bead will Ihew the hour. For the plummet, in ihib 
Situation, cuts all the parallels in the degrees cone* 
(ponding to the fun's altitude. And fince the bead is in 
the parallel which the fun deferihes, and becaufe hour- 
lines pafs through the degrees of altitude to which the 
fun is elevated every hour, tbcicfore the bead mufl 
(hew the prelent hour. 

II. Sinical Quadrant, is one of fomc ufe in Na- 
vigation. It conlifts of feveral concentiic quadrantal 
arehes, divided into B equal parts by means of radii, 
with parallel right lines erolllng each other at right 
angles. Now any one of the arches, as BC, (fig, JO 
pi. 24) may reprefent a Quadrant of any great circle 
of the fphcrc, but is ebiefly ufed for the liorizon or 
meridian. If then BC be taken for a Q^adiant of 
the horizon, cither of the fidcs, as AB, may repre- 
fent the meridian ; and the other fide, AC, will repre- 
fent a parallel, or line of caft-and-well ; all the other 
lines, parallel to AB, will be alfo meiidians; and all 
thofe parallel to AC, caft-and-well lines, or parallels. 
Again, the eight fpaccs into which the arches arc di- 
vided by the radii, reprefent the eight points of the 
compafs in a quarter of the horizon ; each containing 
II® 15'. The arch BC is likewife divided into 90®, 
and each degree fubdivided into 12', diagonalwifc. To 
the centre is fixed a thread, which, being laid over 
any degree of the Quadiant, ferves to divide the 
horizon. 

If the finical Quadrant be taken for a fourth part 
of the meridian, one fide of it, A B, may be takc^i 
for the common radius of the meridian and equator \ 
and then the other, AC, will be half the axis of thp 
world. The degrees of the circumference, BC, will 
reprefent degrees of latitude ; and the parallels to thfc 
lide AB, alTuracd from CVC17 point of latitude to the ^xi« 
AC, will be radii of the parallels of latitude, as li^- 
wife thecofine of thofe latitudes. 

Hence, fiippofe it be required to find the degrees of 
longitude contained in 83 of tl^c lefTer leagues ia ,the 
parallel of 4S® ; lay the thread^ over 48® of latitude^ on 
the circumference, and count thenpq thf 83 leagues on 
AB, begii^fiing at A j this willienniftatc'in H, aHow- 
S f iog 
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ing every fmall interval four leagues. Then tracing out 
the parallel from the point H to the thread ; the 
part A K of the tlwead (licws that 1 25 greater or equi- 
jiotHial leagues make 6® 15'j and ihertlorc that the 83 
jefier leagMLS AH, which make the difference of longi- 
tude of the coiirfe, and are equal to the radius of the 
parallel HE, make 6° 15' of the faid parallel. 

When the Hiip fails upon 'an oblique courfe, fuch 
courfc, befide the north and fouth greater leagues, 
gives lefTer leagues eafterly and wellerly, to be reduced 
to dcgjces of longitude of the equator. But thefe 
leagues being made neither on'lhe paiallel of departure, 
nor on that of ai rival, but in all the intermediate ones, 
theie mufl: be found a mean proportional parallel be- 
tween them. To find this, there is on tlic inlluinient 
a leak* of crofs latitudes. Buppofe tlien it were re- 
quired to find a mean parallel between the paiallels of 
40®.inJ6o®; take with the eompalfcs the middle be- 
tween the 40th and 60th degree on the fcale : this mid- 
dle point will terminate againll the 5 ill degree, which 
js the mean parallel fought. 

I'he chief ufc of the finical Qjiadrant, is to form 
upon it triangles limilar to thofe made hy a (hipk way 
with the meildians and parallels; the lidos ot which 
triangles are ineafured by the equal intervals between 
the concentric Quadiantsarul the lints N and S, Eand 
W : andevery 5th line and arch is made deeper than the 
rclf. Now fuppofe a fliiplias failed 1^0 leagues north- 
rafi hy-noith, or making an angle of 33^45' with the 
north pait of the meridian : here are given the courfe 
and dillance failed, by which a triangle may be formed 
on the inllrument fimilar to that made by the fiiip’s 
courfe; and licnce the unknown parts of the triangle 
may be found. Thus, fuppofmg the centre A to re- 
prefent the place of departure ; count, by means of the 
concentric circles along the point the Ihip failed on, viz, 
AD, 150 leagues; then in the triangle AED, firndar 
to that of the (hip’s com fe, find AE = dilTcrcnce of 
latitude, and DE zr difiercnce of longitude, which 
mufl be reduced according to the parallel of latitude 
come to, 

Siitton^s Quadrant. Sec Collinses Quadrant. 

12. Quadrant of Altitude^ (fig. 9 pi, 24) is an ap. 
pcndlx to the artificial globe, confiillng of a thin flip of 
bikfs, the length of a quarter part of one of the 
gieat circles of the globe, and graduated. At the end, 
where the divifion terminates, is a nut riveted on, and 
furnifhed with a ferew, by means of which the inftru- 
ment is fitted on the meridian, and moveable round 
upon the rivet to all points of the horizon, as repre- 
fonted m the figure rtlerred to. — Its ufc is to feive as a 
fcalc in ineafurifig of altitudes, amplitudes, azimuths, 
&c. 

QITADR ANTAL Trianj^U, is a fpherical triangle, 
which has one fide equal to a quadrant or quarter part 
pf a circle. 

Q^JADRAT, called al(o Geometrical S<juare, and 
Uric oj S!'( duios : it is often an additional member on 
the face of Gunter’s and Sutton's quadiauts; and is 
chiefly ufctul in taking heights or depths. See my 
Menfnratii.n, the chap, on Altimetry and Longimetcy, 
pr Heights and Diilances. 

Quadrat, in AHrology, is the fame as quartile, 
being an alpett of theJreavenly bodies whin th<9y are 
• 9 ’ ■ • 


diftant from each other a quadrant^ or 90®, or 3 fignj 
and is thus marked □ . ^ ° ^ 

C^ADRATIC E^uationtf in Algebra, are thofe in 
which the unknown quantity is of two dimenfions, or 
raifed to the 2d power. See Et^yA'TiON. ^ 

Quadratic equatioifs art eitlier Ample, or afFc^led 
that is compound. * 

A Simple Quadratic equation, is that which con- 
tains the 2d power only of the unjenowm quantity, 
without any other power of it ; as.v* =: 25, or^^* ;= 
And in this cafe, the value of the unknown quantity 
found by barely extradling the fquare I'oot on both fides 
of the equation ; fo in tire equations above, it will be 
\ = ± 5, and y ± ^ulr; where the fign of the 
root of the known quantity is to be taken either plus 
or mimi.<, for either of thefe may be confidcred as the 
fign of the value of the root Xy fince either of tliLk, 
when fquared, make the fame fquai'c, +”5^^ = 25, 

and — = z^alfo; and hence the root of cvciy 

qnadnlic orlquarc, has two valiies. 

Compound or A fdlcd Quadratics, are thofe whlHi 
contain botli the ill and 2d powers of the unknown 
quantity ; as -f ax =z by or ^ ax^ =z ± C 
where n may be df any value, and then is to be eon- 
lide-red as the root or unknown quantity. 

AflcClcd quadratics are ufually diltinguiflrcd into 
three forms, according to the figns of the terms of the 
equation ; 

Thus, ill for*m, + ax =z 5, 

2d form, — ax = by 
3d f()r*m, A* — ax = — < 5 . 

But the method of extradiiig the rcxit, or finding the 
value of the unknown quantity a;, is the fame in'all ot 
them. And that method is ufually performed by w hat 
is called completing the fquare, which is done by taking 
half the coemcient of the 2d term or lingle power ol 
the unknowm quantity, then fqiiaring it, and addiny, 
that fquare to both Tides of the equation, which makes 
the unknown fide a complete fquare. Thus, in tlie 
equation .v* + ax = by the coefficient of the 2d teim 
beings, its half is the fquare of wffiich is JuS 
this added to both fides of the equation, it becomes 
w* -I- ax -f {a* z: la* + by the former fide of which 
is now a complete fquare. The fquare being thuscom- 
pleted, its root is next to be extrafted ; in order to 
which, it is to be obferved that the r-oot on the unknow n 
fide confills of two terms, the oire of which is always v 
the fquare root of the fiift term of the equation, and 
the other part is \a or half the coefficient of the id 
term ; thus then the root of a* + -f Ja* the firll 
fide of the completed equation being x; -b lay and the 
root of the other fide ^ being ± d- b, 

it lollows that A* + ~ ± and lunce, 

by tranfpofiiig jay it is .v = — ± ^J\a^ + ^ 

the two valued of Xy or roots of the given equal ion 
a:* + rt = And thus is found the rout, or value 
of Xy in the three forma of equations above mcii' 
tioned : thus, 

ift form 4 ? - ifl ± V'ja® + by, ' 

2d form =: -b' la dt -b b, 

'3d form ^ p + 14 ± - b. 
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Where it is obfervable that, bccaufe of the double 
fign it, every ‘foim has two roots: in the i ft and 2d 
formttthofe roots are the one pofitive and the other ne- 
gative, the pofitive root being the lefs of the two in the 
1 ft' form, but the greater in tht 2d form ; and in the 
3d form the roots are both pofitive. Again, the two 
roots of the ift and 2d forms, are always both of them 
real ; but in the 3d form, tlie two roots are either both 
real or both imaginary, viz, both real when is 
greater than or both imaginary when is lefs than. 

bccaufe in this cafe — If will be a negative quan- 
tity, the root of which is impofiiblc, or an imaginary 
quantity. 

Example of tlie ift form, let + 6.v = 7. H ere 

then j = 6, and ^ = 7 ; then .r = — ± ^ = 

- 3 ± ^16 rr; - 3 d; 4 r: + 1 or -^7. 

Example of the 2d form, let — 6v =7. Here 
alfo a = 6, and /I = 7 ; then d: ^ = 

+ 3 ± = + 3±4=:+7or-i; the fame 

two roots as before, w'ith the figna changed. 

Example of the 3d form, let jt* — 6jtf = — 7. 
Here again a = 6 , and <5 = 7; then .r = 
\n ziz — b = + si -v/i, the two roots 

both real. 

But if — 6.V zr — 1 1 ; then a =: 6, and ^=11, 

which gives .r or + ± — ^=3-f3dtv/ — 2, 

the tw'o roots both imaginary. 

All equations whatever that have only tW’O different 
powers of the unknown quantity, of which the index 
• if the one is jull double to that of tlie other, arc rc- 
Ivb'cd like Quadratics, by completing the fquarc.Thus, 
'Jn equation .1,^ -f ax’’’ by completing the fquare 
bu'omes 4* r/.i**-}- whence, ex- 

tiadllng the root on both Tides, x'^ = 

i: therefore ^ 4- by 

:'Ti(] confequcntly .v = ± ± V^:5;a* -f b, 

where the root x has four values, becmife the given 
(quatlon .v^ 4- ax^ = h rifes to the 4th power. 8ee 
I1Q.UAT10N. 

QIIADRATRIX, or Quadra nx, in Gcomc- 
tiy, IS a mechanical line, by means of which, right 
lines arc found equal to the circumference of circles, or 
other curves, and of the parts of the fame. Or, more 
accurately, the ^adralrix of a curvey is a tranfceii- 
dcntal curve deferibed on the fame axis, the ordinates 
of which being given, the quadrature of the correspon- 
dent parts in the other curve is llkewife given. See 
Curve, — Thus, for example, the curve AND may be 



<‘4llcd the Quadratrix of the parabola AMC, wlicn the 
A PM A bears fomc fuch relation as the follow- 
to the abfeifs AP or ordinate PN, viz, 


when APM =: PN*, 
orAPM = AP X PN, 
orAPM = ii X PN, 
where a is fomc given confiant quantity# 

The moft diltinguinicd of thefe (^adtatlcei are, 
thofeof Dinofirates and of Tfchi nhnufeu for the ciiclc, 
and that of Mr. Peiks for thehypcibola. 

Quadratrix of Dinojlraiuy is a cuvve AMD, by 
which the qnadratuicof the elide is effeded, thougli 
not gcometilcally, but only mechanically. It is fo called 
from its inventor Dinofirates ; 
and the genefis or dtfcrlption of 
it is as follow >s : Divide the qua- 
drantd arc ANB into any num- 
ber t)f equal parts, in the points 
N, «, «, ike ; and alfo the radius 
AC into the fame number of parts 
at the points P, />,/>, 6cc. To the 
points of N, n, n, &:c, diaw the 
radii CN, C/;, &c ; and fiom the points P, &c, the 
parallels to CB, as PM, Pw, &c : then thronjrh ad the 
points of interfediou draw the curve AMmD, and it 
will he tiu Q^adidtrlx of Dinofirates. 

Or the fame curve may be conceived as defcilbcd by 
a continued motion, tints ; Conceive a radius CN to 
revolve with a uniform motion about the centre C, from 
the pofition AC to the polition BC ; and at the fame 
time a luler PM always moving uniformly parallel to- 
wards CB ; the two uniform motions being fo icgnlatcd 
that the radius and the ruler fliall arrive at the pofition 
BC at the fame time, For thus the continual inter- 
fedion M, my 6cc. of the revolving radius, and moving 
ruler, wnlldcfcribc the Qiiadratrix AMm &c. Hence, 
1 . For the Equation cf the f^hicJratrix : Since, from 
the relation of the uniform motions, it is always, 
AD: AN : : AC : AP; therefore if AB = Uy AC = r, 
AP = Xy and AN == 2, it will be a : z 1 1 r : x, or 
a.x tz: rzy which is the equation of the curve# 

Or, if s denote the fine NE of the aic AN, and y :z: 
PMtlie oidinateof the curve AM, its abicifs AP being 
X ; then, by fimilar triangles, CE : CP : : iiN ; PM, 
that is, — J* : r — a: : : j : y, 








and hence y*J ■=: r — >v , the equation of 
the curve. And when the relation betw'eeii AB and 
AN is given, in terms of tliat between AC and AP, 
hence will be expreffedthe relation between the fine EN 
and the radius CB, or x will, be expreffed in terms of 
randw; and confequcntly the equation of the curve 
will be expreffed in terms of r, .v, and ^ only. 

2. ' The bafe of the Qnadratrix CD is a third pro- 
portional to the quadrant AH and the radius AG or 
CB ; i. e. CD : CB ; : CB ; AB. Hence the rec- 
tification and quadrature of the circle, 

3. A quadrantal arc DF de- 
feribed with the centre C and ra- 
dius CD, will be equal in length to 
the radius CA or CB. 

4. CDF being a quadrant in- 
feribed in the Qnadratrix AMD, 
if the bafe CD be =r r , and the circa- 
lar arc DG = .r ; then in the area 


CFMD=a— — .%* -r^.f ’ 
9 225 6615 

&p. Sec Quadrature. 

Sf2 
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QuadrATMX 0/ Tfchtrnhau* 
ferif 18 a tranfccndental curve 
AMwB by which the quaclra- 
t'are of the circle is likewife cf- 
fe^fed. This was invented by 
M. Tfchirnhaufen,and itsgene- 
f»s, in imitation of that of Di- 
nullrdtes, is as follows : Divide 
the quadrant ANC, and the ra- 
dius AC, each into equal parts, 
as before ; and from the points P, ff, Arc, draw the 

lines PM, /w, Ate, parallel to CJB ; alfo fiom the 

points N, «, Stc, the lines NM, //w, Ate, parallel to 
the other radius AC; fo (hall all the intcrlu^ions 
M, m, &c, be in the curve of the Qnadratrix 

AMmB. 

Now for the Equatkn r,f this ^taJratrix ; it is, as 
before, AB : AN : : AC : AP, 

or d : “s : : r ; ,r, or v = rss. 

Or, bccaufc hercj^ = PM EN — s ; tlierefore /, 
as before, cxprefTed in terms of rand .v, ^ives the equa- 
tion of this Ci'.Mdiatrix in terms of r, .v, and y, and that 
in a tlmpler iorm than tlie other, 'riuis, fiann the na- 
tine of the circle and the conilrudlion of the Quadra- 
trix, it is 

y or s:=zx + 1 A + ^ ^ B -4- 1- — ~ C See, 

2.3/" 4. 5r^ 6.7/^ 

where A, B, C, Arc, <tre the pieceding tttms; which is 
rhv' equation ot the cuiVc or (^adratrix of Tlchiinhau- 
feii. 

By either (J^Kul rat ix, it is evident that an ai*c or an- 
gle is cahiy divided into three, or any other number of 
equal paits; viz, by dividing the correfponding radius, 
or part of it, into the fame number of equal parts : for 
AN is always the fame part of AB, that AP is of 
AC. 

(QUADRATURE, in Aftronomy, that afpc£l; or 
pofition of the moon when (he is 90® dillant from the 
fun. Or, the (Qindiatures 'or quarters arc the two 
middle points of tlie moon’s orbit between the points of 
oonjunaion and oppodtion, viz, the points of the ift 
and 3d quarters; at whichtiir.es the moon’s face fliews 
half lull, being dichotomized or bifei^led. 

The moon’s orbit is more convex in the (Quadratures 
than in the iyzygies, and the greater axis ot her orbit 
palfes through the (Quadratures, at which points alfo 
fhe is moll dillant from the caith, — lii the (Qiadratures, 
and within 3^® of Hiem, the apfea of the moon go 
backwards, or move in anteetdentia ; but in the fy*y- 
gies the contrary. — When the nodes are in the (Qiadra- 
tures, the inclination of the moon’s orbit is greateft, 
but lead when they are in thefyzygies. 

(Quadrature Lines, or Lines of (Quadrature, 
are two lines often placed on Gnnter’s ledor. They 
are maiked with the letter (Qj^ and the figures 5, 6, 7, 
1?, 9, 10; of which (Qdenotes the fide of afquare,and 
the figures denote the lides of polygons of 5, 6, 7, &c 
fidcs. Alfo S denotes the femidiameier of a ciicle, and 
90 a line equal to the quadrant or 90® in circumference, 

(Qjadratore, in Geometry, is the Ij^aring of a 
figure, or reducing it to an equal fquare, w finding a 
fquare equal to the area of it. 

The (Qiadraturc of rcdilinca! figures falls under 


common geometry, or menfuration j si8 amounting to 
no more than the finding their areas, or fuperficies 5 
which are in effeifl theii; fquares : which was fully ef- 
fedlcd by Euclid. 

The (Quadratup(e of Curves, that is, themeafuring 
of their areas, or the finding a redlilineal fpace equal to 
a propofed cutvilincal one, is a matter of much deeper 
fpeculation ; and makes a part of the fublimc or higher 
geometry. The limes of Hypocrates are the firft ciiv\e3 
that were fquared, as far as wc know of. The circle 
was attempted by Euclid and others before him : lie 
{hewed indeed the proportion of one ciide to anotli -r, 
and gave a good method of approximating to the aua 
of the circle, by deferibing a polygon between any two 
concentric circles, liowcver' near their circumfcrenecs 
might be to each other. At this time the conic lec- 
tions were admitted in geomctiy, and Arcliimedes, 
pcrftdly, for the lirll time, fquaied the parabola, and 
he dctermiiitd the relations of fphercs, fpheioids, and 
conoids, to cylinders and cones ; and by puiriiing the 
method of exliaiifiions, or by means of iiiferibcd and 
circumrciibed polygons, he approximated to tlie peil- 
phery and area of the circle ; Ihcvving that the diame- 
ter is to the circumference nearly as 7 to 22, and il.e 
area of the cii-cle to the fquare of the diameter as j j to 
14 nearly. Archimedes like wife detei mined the lelaticui 
between the circle and clllple, as well as that of their 
fimilarparts ; It is probable too that he attempted the 
hyperbola; but It is not likely that he met with any fiic- 
cels, fiitce a])proximations to its area are all that can he 
given by the various methods that have lince been in- 
veiUcd. Befide ihefe figures, he left a trcatilc on a fpi- 
rat curve ; in which he determined the relation of its 
area to that of the circumfcribcd circle j as alfo the 
relation of their fedlors. 

Several othci eminent men among tlie Ancients 
wrote upon this fubjeift, both before and after Euclid 
and Arehlrntdes ; but their attempts were ufiially eun- 
fined to particular paits of it, and made accoiding to 
methods not efllntiairy different from theirs. Among 
thefe arc to be reckoned Thales, Anaxagoras, Pytha- 
goras, Dryfmi, Antiphon, Hypocrates of Chio.s, Pla- 
to, Apollonius, Philo, and Ptolomy ; moft of uhoiu 
wrote upon the (Q.iadr:ituic of the circle ; and thofe af- 
ter Archimedes,^ by his method, ufually. extended the 
approximation to a higher degree of accuracy. 

Many of tlie Moderns have alfo profecuted the fame 
problem of the Quadrature of the circle, after the fame 
methods, to Hill greater lengths ; fuch are Vieta, ar.d 
Metius ; wliofe ratio between tlie diameter and the cir- 
cumference, is that of 1 13 10335, which is within 

about of the true ratio j but above all, Lu- 

1000 0000 

*'do 1 ph van Collen, or a Ceulen, who, with an amazing 
degree of induftry and patience, by the fame me- 
thods, extended the ratio to 36 places of figures, 
making the ratio to be that of 

no J- 14159,26,-3!, 89793, 23846, 26433, 83’79.5 oi 83 
-f or 9 — . And the fame was repeated and conlirmed 
by his editor Snellius. See Diameter, and Circle ; 
alfo the Preface to my Menfuration. 

Though the (Qiadrature, efpccially of the circle, be 
a thing which many of the principal mathematicians, 
among the Ancients, were very folicitous about ; yet 
nothing of this kind has been done fo confidcfable, as 
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libout and fincc the mMdlc of the lall centm7i when, 
for example, in the year 1657, Sir Paul Nell, Lord 
Prounckcr, and Sir Chriftopher Wren geometrically 
deinoj]llrated the equality of fome curvilincal fpaces 
to redlilineal ones. Soon after this, other perfons did 
the like in other curves ; and not long afterwards the 
thing was brought underran analytical calculus, the firlk 
fptcimtn of which ever publiftied, was given by Mer- 
cator in 1688, in a demonllratlon of Lord Biounckcr*s 
Quadrature of the hyperbola, by Dr Wallis’s method 
ot reducing an algebraical fradkion into an infinite feries 
by dlvifion. 

Though, by the way, it appears that Sir Ifaac New- 
ton had difcovercd a method of attaining the uica of 
all quadiable curves analytically, by his Method of 
Fluxions, before the year l6hB. See his Fluxions^ alfo 
his Annlyjis per jEquaiiones Numero Terwtnorum Infi~ 
r'htnSf and his Intrbduil'io ad ^tadraturam Curvanim ; 
where the Quadratures of Curves are given by general 
methods. 

It is contelkd, between Mr. Huygens and Sir Chri- 
{lophcr Wren, which ol the tw'o lull: found out tlie 
Quadrature of any determinate cycloidal fpace. Mr. 
Lnbnir/ afterwards difcoveied that of another fpacc ; 
and Mr. Bernoulli, in 1699, found out the Quadrature 
of an infuiily of cycloidal fpaces, both feginents and 
feilors 5(c. 

As to the Quadrature of the Ciicle In particular, or 
the llnding a Icpiare equal to a given circle, it is a pro- 
blem that has employed the mathematicians of all ages, 
hut Hill without the dein ed fuccefs. This depeiidson 
I he ratio of the diameter to the circumference, w'hich 
has never yet been determined in precife numbers. Ma- 
ny ])crlon3 have approached very near this ratio j for 
which fee Circle. ^ 

Stri6b geometry here failing, mathematicians hav’c 
had recouifc to other means, apd particularly to a fort 
of cuives called quadraticcs: but thefe being mechani- 
cal cuives, inllead of gcometricvul ones, or rather tran- 
Iccndcntal inilcad of algebraical ones, the problem can- 
not fairly be effci^ed by them. 

Htncc recourfe has been had to analytics. And the 
pioblcm has been attempted by three kinds of algebiai- 
cal calculations. The firil of thefe gives a kind of 
tranfccndental Quadratures, by equatitjns of indefinite 
degices. The Itcond by vulgar numbers, though ir- 
rationally fuch ; or by the roots of common equations, 
which for the geneial Quadrature is impollible. The 
third by means of certain feries, exhibiting the quantity 
of a circle by a progreflion of terms* See Series. 

'Hiufi, for example, the diameter of a circle being 

it has been found that the quadrant, or one-fourth 

of the circumference, is equal — + 

* 3 5 7 9 

making an infinite feries of fraftions, whofe com- 
nunYcrator is i, and denominators the natural fe- 
of odd numbers ; and all thefe terms alternately 
be too great, and too little. This feries was dif- 
covered by Leibnitz au4 Gregory* And the fame fc- 
rics is alfo the area of the circle. 

, If the fum of this feries could be found, it would 
the Quadrature of the circle : but this is not yet 
^ w i nor IS it at all, probable that it ever will be done j 


though the impofTibility has never yet been demon- 
ftrated. 

To this it may be added, that as the fame magnitude 
may be cxprcflcd by fcveral diircrent feries, pofliblythc 
circumference of the circle may be expreffed by fome 
other feries, w'hofc linn may be found. And there aic 
many other feries, by wliicli the quadrant, or area, to 
the diameter, Ins been exprefled ; though it ha's never 
been found that any one of them is adually fummable* 

Such as this feries, x — See. invented' 

6 40 112 

by Newton ; with innumerable otheis. 

But tboiigh a definite Quadrature of tlic wdjolc circle 
was never yet given, nor of any aliquot pait of it ; yet 
certain other ])oitions of it have been Iquared. The 
firft partial Quadrature was given by Hippocrates of 
Chios; who Icpiared a poition called, from its figure, 
the /uae, or Innuh ; but this Qiiadratiiie has no depen- 
dence on that of the circle. And fome modern gto- 
metricians have found out the Quadrature of any por- 
tion of thelunc taken at plcafure, independently o( ijie 
Quadrature of the circle ; though ftlil iubjed to a cer- 
tain rellridlion, which prevents tlie Quadrature from 
being perfect, and what the geometricians call abfolute 
and indefinite. Sec Lunl. And lor the Quadiaturc 
of the dilFerent kinds of curves, fee their fcveral parti- 
cular names. 



Quadratures hy Fluvions.^The moll general me- 
thod of Qiiadratures yet difcovercd, is that of Newton, 
by means ol Fluxions, and Is as 
follows. AC being any cm\e 
to be fquaied, Ai^ an abfeifs, 
and BC an ordinate pcipendicu- 
lar to it, alfo /r another ordinate 
indefinitely near to the foimcr. 

Putting AB = a, and BC = y; 
then is B^ = K the fluxion of the abfeifs, and yx 
C^ the fluxion of the area ABC fought. Now let the 
value of the ordinate jv be found in terms of the ab- 
feifs X, or in a fundlion of tlie abfeifs,- and let that 
fundion be called X, that is j = X j then fubftituling X 
for^» in gives Xx the fluxion of the area ; and the 
fluent of tills, being taken, gives the area or Qviadra- 
ture of ABC as required, for any curve, whatever it# 
nature may be. 

Ex. Suppofe for example, AC to be a common pa- 
rabola; then its equation is px = y'^, where p is the 


parameter; which gives y = *>/ the value of^ in a 
funftioii of .v, and is what is called X above ; hence 

thenj^AT = px-zz ^x is the fluxion of the area ; 

and the fluent of this is jp x*" =- 1 xy px zz xy zn y 


of the circumferibing re£langle BD; which therefore is 
the Quadrature of the parabola. 

Again, if AC be a circle wliofc diameter is df 
then its equation is y^ == dx, — which gives 

y zz dx and the fluxion of the area 

yx = fluent of this cannot 

be found nBRnitc terms, the quantity s/ dx — a:*- 
is thrown mra & feries, and then the fluxion of the arek 

if 
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i%yxsx*y dx^x* =iv dx x (i — —j— 

kc) ; and the fluent of this gives 


i^.Od^ 


dx X 


1 ±_-L.l’--i^.-5cc) 

d 4.7 d> 4.6,9 d} 


for the gjcncral cxprefTion of the area ABC. Now when 
the fpacc becomes a fcmicirclei * bccoincs = and 

then the feries above becomes r/* ( - — 7^ 

'3 5 ,4-,7 4-^9 

kc) for the area of the fcmicircle whole diameter is d. 

In fpirals CAR, or cuivei 
referred to a centre C ; put 
V zz any radius CR, a’ = BN 
the arc of a circle deferibed 
about the cenire C, at any 
dlftancc CB = a, and C«r 
another ray indefinitely near 

CNR : then ^ CN . N« = 



I = CNw, and by fm. fig. CN^ : CR^ or xy*" : : 


v'ji* . . 

CN;< : = CRr the fluxion of the area deferibed by 

the revolving ray CR ; then the fluent of this, for any 
particular cafe, w ill be the Qiiadraturcof the fpiiaU So 
if, for iiiilance, it be Aichimedes's fplial, in which .v : y 
in a conftant ratio fuppofe as m \ «, or my = nx, and 


y* rr hence then CRr = i-- = - 


the 


fluxion of the area; the fluent of which is 

.fy* 

the general Quadrature of the fpiral of 

Archimedes. 

QlJADRIL ATERAL, or Quadrilateral /V- 
gurcy is a figure comprehended by tour right lines; and 
having conlequently alfo four angles, for which rcafon 
it is othcrwlfe called a quadrangle. 

The general term Qiiadrilateral comprehends thefe 
fevcral particular fpeclesor figures, viz, the fquare, pa- 
lallclogiam, redangle, rhomouB, rhomboides, and tra- 
pczlum. 

If the oppofite fides be parallel, the Quadrilateral is 
a parallelogram. If the parallelogram have its angles 
right ones, it is a redangle ; if oblique, it is an ob- 
lique one. The red|pglc having all its fides equal, be* 
comes a fquare ; ana the oblique parallelogram havii^ 
all its fides equal, is a rhombus, but if only the op^ 
fitcs be equal, it is a rhomboides. All other forms of the 
.Quadrilateral, are trapeziums, including all the irregu- 
lar fliapos of it. 

The fum of all the four angles of any Quadrilateral, 
is equal to 4 right angles. Alio, the two oppofite angles 
of a Quadrilateral inferibed in a circle taken together, 
arc equal to two right angles. And in this cafe the red- 
anglc of the two diagonals, is equal to the fum of the two 
redangles of the oppofite fides. For the properties of the 
particular fpeeies of Quadrilaterals, fee their refpedive 
names, Square, RecY angle, Para||||logram, 
Rhombus, Rhomboidbs, andTRAPE^flp; 
QUADRIFARTITION, is the by 4, or 


into four equal parts.— Hence quadripartite t &c, the 
4th part, or fomething parted into four. 

Ql^JApRUPLE, 18 four-fold, or fomething taken 
four times, or multiplied by 4 ; and fo is the converfc 
of Qiiadripartition. 

(^I ALLTV, denotes generally the property or af- 
fcdiou of fome being, by which it affeds our fenfes in 
a certain svay, &c. 

Sctifible ^alitirs arc fuch as are the more immediate 
objed of the fenfes : as figure, tafte, colour, fmcll, hard- 
nd's, SiC* 

Of cult ^uilitifit among the Ancients, were fuch as 
did not admit of a rational folution in their way. 

Dr. Kell demonilrates, that every Quality which is 
propagated in orbem, Inch as light, heat, cold, odour, 
&c, has its efficacy or intenfity either increafed, or de- 
creafed, in a duplicate ratio of the diflances from the 
centre of radiation inverfely. So at double the diflance 
from the earth's centre, or from a luminous or hot bo- 
dy, the weight or light or heat, is but a 4th part ; and 
at } times the dillance, they arc 9 times iefs, or a 91K 
part, kc» 

Sir Ifaac New.ton lays it down as one of the rules of 
philofophizing, that tljofe Qiialities of bodies that are 
incapable of being Intended and remitted, andivhlch aie 
found to obtain in all bodies upon which the expeii- 
ment could ever be tried, are to be efteemed univcri'al 
Qualiiies of all bodies. 

^^vAUTf of Curvnfurfy in the higher geometry, is 
ufed to fignify its form, as it is more or Iefs inequable, 
or as it is varied more or Iefs in its progvefs through dif- 
ferent parts of the cur .‘c. Newton's Method of Flux- 
ions, pi. 75 ; and Maclaurin's Fluxions, art. 369. 

^UANTITV, denotes any thing capable of efti- 
mation, or menfuration ; or which being compared 
with another thing of the fame kind, may be faid to 
be cither greater or Iefs, equal or unequal to it. 

Mathematics is the doflrine or fcience of Quan- 
tity. 

Fhy/ical or Natural Quantity, is of two kinds: 
ill, that which nature exhibits in matter, and its ex- 
tenlion ; and zdly, in the powers and properties of na- 
tural bodies; as gravity, motion, light, heat, cold, 
denfity, &c. 

■ Quantity is popularly diftinguiflied into continued 
and difcrete. 

Continued Quantity, is when the parts arc con- 
ne6lcd together, and is commonly called magnitude ; 
which is the ohjeft of geometry. 

Quantity, isw'henthe parts, of which It 
confifts, cxill diftinftly, and unconncdled ; which 
makes what is called multitude or number, the objed of 
arithmetic. 

The notion of continued Quantity, and its differ- 
ence from difcrete, appears to fome without founda- 
tion, Mr, Machin confiders all mathematical Quantity, 
or that for which any fymbol is put, as nothing elfc 
but number, with regard to fome mcafure, which is 
confidcred as i ; for that we know nothing prccifely 
how much any thing is, but by nft«ans of number. The 
notion of continued Quantity, without regard to fome 
•meafure, is indiftind and confufed ; and though forne 
fpeeies of fuch Quantity, confidcred phyfically, may 
be deferibed by motion, as lines by the motion cf 

points, 
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points, and fiirfacea by the mation of lines } yet the 
magnitudes* or mathc-matie d Quantities, arc not made 
by thc piotion, hut by umbering according toamea- 
fure. Philof. Tranf. numb. 447, pa. 228, " 

Quani ity See Action. 

Quantity of Curvature at any point of a curve is 
determined by the ciicle of curvature at that point, 
and is reciprocally proportional to the radius of curva- 
ture. 

Quantity of Matter in any body, is its meafurc 
ariling from the joint confideiation of its magnitude 
and denfitv, being expreifed by, or proportional to the 
produd of the two. So, 

if M and m denote the magnitude of two bodies, 
and D and d their denfities ; 
then DM and dm will be as their Quantities of matter. 
The Quantity of matter of a body is beft difeovered 
by Its ablolute weight, to whicli it is always propor- 
tional, and by which it is mtafured. 

Quantity of Motion^ or the Momentum ^ of any 
body, is its nieaiure aiifingfrom the joint conlideration 
of its Quantity, and the velocity with which it 
moves. So, 

if q denote tlie Quantity of matter, 
and V the velocity of any body ; 
then qv will be its quantity of motion# 

Quantities, In Algebra, are the expreflions of 
indehnite numbers, that are ufually reprefented by 
letters. Quantities are properly the fubjedl of Alge- 
bia ; which is w'holly converfant in the computation of 
fuch Quantities. 

Alguiraic Quantities are either ^/W/iand knowUf or 
elfc they arc timnovon and fought. Tiie given or known 
Quantities arc reprefented by the firft letters of the al« 
pliabet, as r;, r, </, r, &c , and the unknown or re- 
quired Quantities, by the laft letters, as«,y, w, w, &c. 

Again, Algebraic Quantities arc either pofitivc or 
negative. 

A pofitive or afllrmative Quantity, is one that is to 
be added, and has the fign + or plus prefixed, ornn- 
dc rilood; as ab or -f ab. And a negative or privative 
t^iantity, is one that is to be fubtra6U’d, and has the 
fign — or minus prefixed ; as — ab. 

QUART, a meafiire of capacity, b^Ing the quarter 
crqtH part of fome other meaiure. The Englifli Quait 
is the 4tli part of the gallon, and contains two pints. 
The Roman Quart, or quaitarins, was the 4th part of 
their congiiis. The French, befidcs their Qiiart or 
pot of 2 pints, have various other Qiiarts, difting'uilbed 
by the w hole of w liich they arc Quaitcrs j as Q^art de 
nuiid, and Quart de boifTeau. 

QUARlT^R, the 4th part of a whole, or one part 
of an Integer, which is divided into four equal portions. 

Quarter, in w’tights, is the 4ih part of the quintal, 
or hundred weiglit ; and fo contains 28 pounds. 

Quarter is alfo a dry meafure, containing of corn 
8 bulHels firiked ; and of coals the 4ih. part of a chal- 
dron. 

Qnaitcr, in Aftronomy, .the mounts period, or luna- 
tion, is divided into 4 ilages or Quaiters each con- 
taining between 7 and 8 days. The firft Quarter is 
l^rotn the new moon to the quadrature ; the kcond is 
hoiQ thence to the full moon, and fo on. 


Quarter, in Navigation, is the Quarter or 4!h part 
of apo'nt, wind, or rhumb ; or of the diftance beiuecn 
two points The Quarter contains an arch of 
2® 48^45'', being the 4ihpartof 1 1® 15', which is one 
point. 

Quarter Round., in Architedure, Is a term ufrd hy 
the w'orkmen for any ptoje(J\iiig moulding, whofe con- 
tour is a Qmirtcr of a circle, or nearlv fo. 

QUAlfTlLE, an aiped of the planets wdien they 
arc at the diftance of 3 figt s or qo® from each other ; 
and is denoted by tliecharader □. 

QlIEUE d’arondf, or Swallow* s TaUy in Forti- 
fication, is a detached or outwork, whofe fidcs fprtad 
or open towards the campaign, or draw nai rower and 
clofer towards the gorge. Of tiiis kind aie either linglc 
or double tenadles, and fome horn works, whofe iulc9 
are not parallel, but are narrow at the gorge, and open 
at the head, like the figure ofaTwallow’s tail. 

On the contraiy, when the Tides are lefs than the 
gorge, the work is called conlrc ^utuc (I'arondc. 

Queue d^arotidcy in Carpentry, a method ofjointing,. 
cal 1<^ alfo dove-tailmg. 

QIJINCUNX, denotes of any thing. So lo 
is quincunx of 24, being of It. 

Quincunx, in Aftronomy, is that pofition, or afped,, 
of the planets, when diftant from each other l>y ,\ths 
of the whole circle, or 9 fignsoiitof the 12, that is 150 
degrees. The Qiilncunx is marked Q, or Vc. 

QUINTDECAGON, is a plane figure of 15 angles,, 
and confeqiiently tlie fame number of Tides. When 
tliofe are all equal, it is a regular Qjnndccagon, other-^ 
wife not. 

Euclid fhews how to Infcribe this figure in a circle, 
prop. 16, lib. 4. And the fide of a regular Quindeca- 
gon, fo inferibeJ, is equal in power to the half dilFcrcnce 
between the fide of the equilateral tiiangle, and.tlic fide 
of the pentagon and alfo to the diflVrcnce of the per- 
pendiculars let fall on both Tides, taken together, 

QUINQJMGESnVl ia the fame as; 

Shrove-Sunday, and isfo called as being about the 50tli' 
day before Ealter, being indeed the "/th Sunday before 
it. Anciently the term Quinqiiagciima was ufed for 
Whitfunday, and for the 50 days between Eafter and’ 
Wlntfunday; but to diftingiiifti this Quinquagefima 
from that before Eafter, It was called the pafchal Quin- 
quagefima. 

QUINQUE ANGLED, or Quinqncangular, coii- 
fifting of 1; angles. 

QUINTAL, the weight of a^iindred pounds, in 
moft countries; but in England it is the hundreef 
weight, or 112 pounds, Quintal was alfo formerly 
ufed for a weight of lead, iroii,^or other common metal, 
ufually equal to a hundred pounds, at 6 fcore to the hun- 
dred. , 

QUINTILE, in Aftronomy, an afpci^l of the pla- 
nets when they arc diftant the 5th part of the zodiac, or 
72 degrees ; and is marked thus, C, or O. 

QUINTUPLE, is five-fold, or five times as much as 
another thing. 

QUOIN, in Architeflure, an angle or comerof ftone 
orbnek walls. When thefc ftand out beyond the reib 
of the wall, ^eir edges being chamfcrrcd off, they are- 
called rujl'tc Quoins. 

Quoin, io Artillery, is a loofe wedg^ofwood, whkh 
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u put In below the breech of a cannon, to ralft or deprefti 
it morcorlcf*. 

QlJOTiENT, in Arithmetic, Is therefnltof the 
operation of divifion, or the number that arifes by di- 
viding the dividend by the divifor, fltewing how often 
tlie latter is contained In the further. Thus the Quo- 
tient of 12 divided by 3^4; which Is ufually thus 
difpofed, or cxprefled, 


3) u ( 4 the quoticnti 

or thus 12 -r 3 =s 4 the Quotienki or thu» -- 

like a vulgar fradlion ; all thefe meaning the fame thing.- 
— Ill divifion, as the divHor is to the dividend, fo ia 
unity or i to the Qjuotient j thus 3 : 12 : : i : 4 the 
Quotient. 



RAD 


RAF 


R adiant Pomtt or Radiating Po/;//, is any 
point from whence rays proceed. 

Every Radiant point diffufes Innumerable rays all 
around : but thofc rays only are vlfible from which right 
lines can be drawn to the pupil of the eye; becaufethe 
rays arc all in right lines. All the mys proceeding 
fiom the fame Radiant continually diverge; but the 
cryftallinccolle^ls or reunites them again. 

RADIATION, is the calling or {hooting forth of 
rays of light as from a centre. — Every vifible body is a 
radiating body ; it being only by means of its rays 
that it afleds the eye. — The furface of a radiating or 
vifiblc body, may be conceived as confilling of radiant 
points. 

RADICAL %//, In Algebra, the fign or chara<Sler 
denoting the root of a quantity; and is this So 
V'2 is the fquare root of 2, and ^ 2 is the cube root of 
i , &c. 

RADIOMETER, a name which fome writers give 
to the Radius AllronomIcus, or Jacob’s Staff. Sec 
Tore-Staff, 

RADIUS, in Geometry, the femidiametcr of a 
circle ; or a right line drawn from the centre to the 
circumference. — It is implied in the definition of a 
circle, and it is apparent from its coiiilrudion, that all 
the radii of the fame circle arc equal. — The Radius is 
fjmctlmes called, in Trigonometry, the Sinus Totus, 
or whole fine. 

Radius, in the Higher Geometry. Radius 
EvolutUf Radius Ofeuli, called alfo the Radius of con- 
cavity ^ and the Radius of curvature ^ is the right line 
CB, reprefenting a thread, by 
whofe evolution from off the curve 
AC, upon which it was wound, 
the curve AB is formed. Or it is 
the Radius of a circle having the 
fame curvature, in a given point 
of the curve at B, with that of the 
curve in that point. SeeCuRVA- 
TORB and Evolutk, where the 
method of findin^^ this Radius may 
befcen. 



Radius Jjlrotiomicusy an inflrument nfiuilly called 
Jacob’s Staff, the Ciofs-ftaff, or Forcdlaff. 

Radius, in Mechanics, is applied to the fpokca 
of a wheel ; becaufe ifluing like rays from Its centre, 
Radius, in^Optics. See Rav. 

R\i)ius Vedor^ is ufed for a right line drawn from 
the centre of force in any curve in which a body is fup- 
pofed to move by a centripetal force, to that point of 
the curve where the body is fuppofed to be, 

RADIX, or Rooty is a certain finite exprcfllon o^ 
fundion, which, being evolved or expanded according 
to the rules proper to its form, fliall produce a fcriis 
That finite cxpreflion, or Radix, is alfo the value of 
the infinite feries. So | is the radix of *3333 &c, be- 
caufe } being evolved or expanded, by dividing i by 3, 
gives the infinite fevies *3333 &c. In like mannci, 
the Radix 


of I — r 



of I — I 
of I — 2 



of I + .V 


+ r* 

— 

+ H &c is 

I 


» + r* 

JL 

1 

4- 6cc is 
16 

I 

^ 4 

J 

* +i’ 

+ 1 


+ I is 

I 

mm 1 

I 4 - i* 

+ 4 

- 8 

+ 16 See is 

I 

1 4 - 2* 

I 

^ T 

1 

4- &c is 

32 

I 

16 

2 4 - 

+ A* 

X <i 3 

4 - See is 

I 

T ^ 

1 4- A' 


of I + 2 .r *f -f 4^?* 


of I + 




8 cc is 




&c is 


Sec my Trads, vol. i , pa. 9, and 3 1 , &c* 
RAFTERS, in Ardiitcdurc, arc pieces of timbsf 
whidh ftind by pairs on the raifing-picce, or wall 
plate, and meet in an angle at the top, forming the root 
ufabuMing. 
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RAIN, water that dercen4.s atmofphcre in 

the form of drops of a confiderable fize. Rain is appa- 
rently a precipitated cloud ; as clouds are nothing but 
vapours raifed from moifture, waters, &c. Bythiscir- 
cumftance it is diftingulflied from dew and fog: in the 
former of which the drops are fo fmall that they are 
quite invifible ; and in the latter, though their fize be 
larger, they feem to have very little more fpecific gra- 
\Ity than the atrnofphere Itfelf, and may thcrefoie be 
reckoned hollow fpherules rather than drops. 

It is univerfally agreed, that Rain is produced by 
the water previoufly abforbed by the heat of the fun, 
or otherwife, from the terraqueous globe, into the at- 
HU)rphere, as vapours, or vefjculx. Thcfc vefjculjr, 
being fpecllically lighter than tlie atmofplierc, are buoy- 
ed up by it, till they arrive at a icgion uliete the air is 
in a jud balance with them ; and there they float, till 
by fomc new agent they are converted into clouds, and 
thence either into Rain, fnow, hail, niifl, or the like. 

But the* agent in this founnt ion of the clouds into 
Rain, and even of the vapours into clouds, has been 
much cunUovorted. Moll philofophcrs will have it, 
tliat the cold, whioli conflantly occupies the fuperior 
U'!;ion5 of tlie air, chills and condenfes the velicula*, 
at their ai rival from a warmer quarter; congregates 
them together, and occalions fevcral of them to co- 
alefce into little mafll’s: and thus their quantity of mat- 
U r iiicreafing in vi hlght r proportion than their fui face, 
they become an overload to the tliin air, and fo defeend 
in Rain. 

Dr. Deiham accounts for the precipitation, hence; 
that the verical.e being full of air, when they meet 
\^'ith a colder air than that they contain, this is con- 
ti.u^\cdinto a lefs fpace : and confequeutly the watry 
Ihvll or cafe becomes thicker, fo as to become heavier 
ili.i'i the air, * 


lUit this reparation cannot be aferibed to cold, fince 
Rain often takes place in very warm weather. And 
though we fliould I’uppofc the condenfation owing to 
the cold of the higher regions, yet there ia a remark- 
able faifk which will not allow us to Iiavc rccourfe to this 
I'lppofliion : fur it is certnin that the drops of Rain iii- 
mafe in fize confiJcrahly as tlicy defeend. On the top 
ol a hill for inllance, tliey will be fmall and iricon- 
hdcnable, forming only a diizzling fliower ; but half 
''ay down the hill it is much more confiderable; and 
It the bottom the drops will be very large, defeending 
ui an impetuous Rain. Which flicws that the atino- 
1} here eondcnfes'the vapours as w'cll where it is warm as 
'^herO it is cold. 

Others allow the cold only a part in the aAion, and 
bring in the winds as Ibarcrs with it; alltdging, that 
wind blowing againft a cloud will drive its veficulae 
t'pon one another, by which means fcveral of them, 
coalcTcing as before, w'ill be enabled to defeend ; and 
^bat the effeft will be flill more confiderable, if two 
'^jrpofite winds blow together towards the fame place : 
tliey add, that clouds alrea^ formed, happening to 
he aggregated by frefh acceflions of vapour continu- 
ally afeending, may thence be enabled to defeend. 

Yet the grand caufc, according to Rohault, is dill 
behind. That author conceives it to be the heat of the 
which, after continuing for fome time near the 
is at length carried up on high by a wind, and 
VoL. II. 


there thawing the fnowy villi or flocks of the 
half frozen veficulac, it reduces them ixrto drops ; 
which, coalefcing, defeend, and have their diffolution 
perfefted in their progrefs through the lower and 
warmer ftages of the ^tmofphcre. 

Others, as Dr. Clarke, &c, aferibe this defeent of 
the clouds rather to an alteration of the atrnofphere 
than of the velicula?; and fiippofe it toan'fe from a di- 
minution of the fpring or clullic force of the air. This 
eUflicity, which depends chiefly or wholly on the dry 
terrene exhalations, being weakened, the ntmofphere 
finks under its burden ; and the clouds fall, on the com- 
mon piinciple of precipitation. 

Now the fmall vefleiike, by thefe or any other caufes, 
being once upon tl\c defeent, will eoritiinie to defeend 
notwithflanding the iiicreale of rcliflance they every 
moment meet with in their ju'ogrefs through llill denfer 
and denfer paits of the almofphere. For as they all 
tend toward the fame point, viz, the centre of the 
eruth, the farther they fall, the more coalitions will 
they make ; and llic more coalitions, the moie matter 
will there be under the fame furface ; the furface only 
incrcaling as the fquares, but the folidity as |lie cnbea 
of the diamtters; and the moie matter under the fame 
furface, the lefs fritlion or refillancc there will be to the 
fame matter. 

Thus then, if the caufes of rain happen to 
caily cnougli to precipitate the afeending veficul.c, be- 
fore they are anived at any conlideiahle height, the 
coalitions being few In fo fhott a defeent, the drops 
will be proportionably fmall; thus forming what is 
called dew. If the vapours prove more copious, and 
rife a little higher, there is prixlueed a mifl or fog. A 
little higher Hill, and they produce a fmall rain, &c. 
If they neither meet will) cold nor wind enough to 
condenfe or diflipate them ; they fljrm a heavy, tliick, 
daik fky, winch lalls foinetiines Icveral days, or e\cii 
w'ceks. 

But later writcis on this part of pliilofopIiicMl fei- 
cnce have, with greater fhew of truth, conflcleied 
Rain as an eledrieal j)lic*i)omcnou. Siguior Bcccaiia 
reckons Rain, Iiail, and fnow, among the effcdls of a 
moderate eleiftrieity in the atrnofphere. Clouds that 
hiing Rain, he tliinkr, arc produced in the fame man- 
ner as thunder clouds, only by a moderate ele^lricity. 
He deferihes them at large ; and the refemblancc which 
all their phenomena bear to ihofe of thunder clouds, is 
very ftriking. He notes fcveral circiimiUnces attend- 
ing Rain without lightning, which lender it probable 
tfiat it is produced by the lame caufc as when it is ac- 
companied with lightning. Ligiit has been fecn 
among rhe clouds by night in rainy weather ; and even 
by day rainy clouds are fometimes fl en to have a brigiit- 
nefs evidently independent of the fun. '“I'he uniformity 
with which the clouds arc fpread, and with wliicli the 
Rain falls, bethinks are evidences of an uniform caufc 
like that of cle<SlricIty. Tlic inten/lty alfo of elec- 
tricity in his apparatus, ufually correfponded very near- 
ly to the quantity of Rain that fell in the fame time. 
Siometirnes all the phenomena of thunder, lightning, 
hail,^ Rain, fnow, and wind, have been Qblervcd at 
one time ; which fhews the conne^lion they all have 
with foine common enufe. Signior Bcccaria therefore 
flippofes that, previous to Rain, a quantity of cledric 
T t matter 
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matter efcape^ out of the earth, in Tome place vvliere 
there ig a redftndancy of it ; and in its afcciit to the 
higher regions of the air, colled^s and conducts into its 
path a great quantity of vapours. The fame caufe that 
colledb:, will contlenfe them more and more ; till, in 
the places of the neaied intervals, they come almoll 
into contaA, fo ai to form fmall drops ; vsliich, uniting 
with otlwrs as iliey fall, come down in the form of 
Rain. The Rain vv’ill be heavier in pro])orlion as the 
cledlriclty is moie vigorous, and the cloud approaches 
more nearly to a thunder cloud: See. Sec Ldtire ihll 
Ekltnafm \ and PriefUey’s Hid. &c of Elds’ll icity, 
M)l. I, pa. 4:7, ( 5 ^'c, !^vo. And for fartlier accounts of 
the phenomena of Rain 6Icc, fee BAROMirva, Eva- 

1‘ORATFON, OMtlROMh THR, pLUVlAMETiH, VapOUR, 

r<c. Sec alfo the Theory of Rain, hy Dr. James 
Hutton, ait. 2 vol. i of Tranfa6\lon» of the Royal 
Society of Edinburgh. 

t^uanthy 0/' Rain. As to the general quantity of 
Rain that falls, with its proportion in fevcral places at 
the fame time, and in the fame place at different times, 
there are many ohfervations, journals, &c, in the Phi- 
lof. Tran/, the Memoirs of the Fiencli Ac.idemy, &c. 
And upon mcafuriiig the rain that falls annuaily, its 
depth, on a medium, is found us in the following tabic : 

Mean Annual Depth of Ram for fevcral Places* 


/It 

Townley, in Lancafhire 
Upminlier, iu EfTex 
Zurich, Swid’erland - 
Pifa, in Italy - 
Paris, in France 
Lifle, Flanders - 


Ohferved hy 
Mr. Townley • 

Dr. Derliam - 
Dr. Scheuchxcr - » 
Dr. Mich. Ang. Tilli 
M.DelaHire . - 
M. Dc Vnubaii - - 


ItuL 

*9} 

32 {. 

4 ii 

19 

24 


§uanltiy of Rain fallen in feveral Tears at Paris 
and Upminjhr* 

At Paris* 

Tears-* 

At Upndnfler, 

Inches 21 *37 - 

17CO - 

- - *9*03 Inches 

27-77 - 

1 701 - 

- - j 8 * 69 

17*45 - 

170.’- - 

• - 20-38 

18*51 - 

1703 - 

- • 23-99 

21*20 - 

1704 - 

- • 15*80 

14*82 - 

1705 . 

- - 16-93 

20-19 • 

Mediums - 

- 19-14 

Medium ^antity of Rain at ImdoHy for fvcral Tean^ 

from the Philof* Tranf* 

Viz, in 1774 


26-3:8 Inchci. 

1775 


24-083 

1776 


20 - 33 + 

»777 


25 - 37 ‘ 

3778 


20-', 7Z 

1779 


26- jSy 

J780 


'V313 

Medium of thefe 7 years 

23-001 


* 

See alfo Philof. Tranf. Abr. vol, 4, pt. pa. 81, &c ; 
and vol. 10 in many places ; alfo the Meteorological 
Journal of the Royal Society, pubiifhed annually in 
the Philof. ’Tranf. and the article Pluviameter or 
Omdromltrr. 

it isreafonably to be expeded, and all experience 
fhews, that the mod Rain falls in places near the Tea 
coafl, and lefs and !cfs as the places are lituated inuie 
inland. Some differences alfo ailfe from the eireum- 
fiances of hills, valleys, &c. So when the quantity of 
Rain fallen in one year at London, is :o inches, that 
on the w'eilcrn coafl of England will often be twice as 
much, or 40 inches, or more. Thofe winds alfo briig 
mod Rain, that blow from the quarter in which is 
the mod and neared lea; as our wed and fouth-wclt 
wincE, 

It is alfo found, by the pliiviamcter or 'Rain -gage, 
that, in any one place, the more Rain is collcAcd lu 
the inftiumcnt, as It is placed nearer the ground; witlioiit 
any appearance of a diflerence, between two places, 
on account of their difference of level above thelu^ 
provided the inllrumcnt is but as farfiom the ground at 
the one place, as it is from the ground at the o*!n.r. 
'Fhcfc ededs are remarked in the Philof, Tranf. for 
176^ and 1771, the former by Di. Ikbcrdcii, and liu: 
latter by Mr. Daines Barrington. Dr, Hebcidcii lavs 
“ Acompailfon hiving been made between tlic quan- 
tity of Rain, which fell in two places in London, about 
a mile dillant from one another, it was found, that the 
Rain in one of them coiillaiilly exceeded tliat in ibc 
other, not only every month, but almoll evety time that 
it rained. The apriratus nfed in each of them war 
very exad, and both made by the fame artlil ; and 
upon examining every piobable caufe, this uncxpiciid 
vaiiation did not appear to be owing to any miilake, 
but to tlic conftant cfl'cd of fome circurnllance, which 
not being fuppofed to be of any moment, had neve; 
been attended to. The Rain-gage in one of tljcle 
places was jxed fo high, as to rife above all ilic 
neighbouring chimiiies ; the otlicr was confidcrably 
below' them ; and there appeared rcafon to believe, that 
the difference of the quantity of Rain in tliefc two 
places was ow'ing to this difference in the placing of 
the veflcl in which it w'as received, A funnel was 
therefore placed above the highell chimnies, and ano- 
ther upon the ground of the garden belonging to the 
fame houfe, and there was found the fame dlficicncc 
between thefe two, though placed fo near one another, 
which there had been betw’ecn them, when placed at 
fimilar heights in different parts of the town. After 
this fad was fufficiently alcertained, it was thought 
proper to Uy whether the difference would be greater 
at a much greater height ; and a Rain-gage waslhcic- 
fore placed upon the fquare part of the roof of Weff- 
minfter Abbey. Here the quantity of Rain was ob- 
ferved fora twelvemonth, the Rain being meafmed at 
the end of every month, and care being taken that 
none fhould evaporate by pafling a very long tube of 
the funnel into a bottle through a cork, to which it 
was cxadly fitted. The tube went down very near to 
the bottom of the bottle, and therefore the Rain whith 
fell into it would foon rife above the end of the tube, 
fo that the water was no where open to the air except 
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for tlic* fmall fpace of the area of the tube : and by 
trial it was found that there was uofenfible evaporation 
through the tube thus fitted up. 

The following table (hews the refult of thefe obfer- 
tions. 


From July tbe 7th i /6f>, to July tie 7th there 
fell in a Rain-gage, fixed 




lieluw tlu* 

t’pon the 

1 I'pon 



top of a 

lop of a 

ininll<-i Ah- 



fioufe. 

houlc. 

hev. 

Fiom 

the 7th to 

Inc /.us. 

Inc/.'cs, 

InJ'ies, 

the 

eiul of fiilv 


3*210 

2*311 


Augufl 

September 

0-5,8 

0-421 

0-479 

O' 344 

^ c-508 


( V\(jber 


2 -cbi 

1 *416 


N(jveiriber 

I *079 

0 -S 4 ? 

0*^32 


Deeciubcr 

I ‘fil 2 

1-258 

0-094 

, fanuaiy 

2-071 

! 1-45:; 

'• 03 S 

1 

I'ebjuaiy I 

2-h64 

2-404 

'•.335 


Miieli 

l-b'cy 

1*303 

0-5137 

1 

Apiil 

^•437 

1-213 

0-994 

1 

May 

“•43^ 

1*745 

I * I |2 

1 

! 

June 

July 7 

i‘ 9 V 7 

0 - 39 S 

I -426 

0 • : 09 

[ ''‘45 

! 


2 2 -boB 


12*099 


By this table it appears, that there fell below the 
top of a lioufe above a fifth part more Rain, than what 
Ic'll in the fame fpaee above the top of the fame houfe j 
and that tlicic fell upon Wedminflcr Abbey not much 
above one half of what was found to fall in tlic fame 
Ipacc below the tops of the houfts. This experiment 
lias been repeated in other places with the fame refult. 
What may be the caufe of this extraordinary difllr- 
enec, has not yet been difeovered ; but it may be ufe- 
fid to give notice of it, in order to prevent that error, 
'v’liich would frequently be committed in comparing the 
Rain of two places without attending to this clrcum- 
ll.mce.’^ 

Such were the obfervations of Dr. Heberden on firft 
Jinnouncing this circumftance, viz, of different quan- 
tities of Rain falling at different heights above the 
ground. Two yeais afterward, Daines Barrington Efq. 
loade the following experiments and obfervations, to 
fb?w that this effedi, with refpcA to different places, re- 
IpcCdcd only t! e fevtral helglits of the inflrument above 
the ground at thofe places, without regard to any real 
difference of level in the ground at thofe places. 

Mr. Barrington canfed two other Rain-gages, ex- 
a^Iy like thofe of Dr, Heberden, to be placed, the 
rme upon mount Rennig, in Wales, and the other on 
the plane below, at about half a mile's dillance, the 
perpendicular height of the mountain being dt^o yards, 
or 13^0 feet; each gage being at the fame height 
^vc ibc furface o ithe ground at the two ftations. 


The rcfults of the Experiment arc as below ; 


1770. 

bottom of tia 
mountain. 

I'opotihe 

mountain. 


Inches, 

Inc/)es, 

From July 6 to 16 

0*709 

0-648 

July 16 to 29 


2*124 

July 29 to Aug. to. 

o*6io 

0*656 

Sept. 9 both bottles had 
run over. 


Sept. 9 to 30 

3*-’34 

2-464 

0 (^ 4 . 1 7. both bottles had 
run over. 


Ov.'^. 17 to 2J 

0*747 

0-885 

2 i to 29 

Nov. 20 both bottles wero 
biokeii by the froll 

1-281 

1*388 

8-766 

8*165 


“ Tlie infcicncc to he drawn fiom thefe expciiments, 
Mr. baiTington obfcives, feems to he, that the in- 
crc.ifc of tlu quantity of Rain depends upon its ncaier 
approximation to ilie truth, and fcarccly at all upon 
the height of places, piovidtd the Rain-gages arc fixed 
at about the fame dillanrc from the ground. 

“ Poffibly alfo a much controverted point between 
tile inhabitants of mountains and plains may receive a 
fohition from thefe experiments ; as in an at^jneeni 
valhyy at haj}^ very nearly the fame quantity of Rain 
appears to fall within the fame period of time as upon 
the neiglihouiing mountains.^' 

Dr. Heberden alio adds the following note. ** It may 
not be imjnoper to fuhjoin to the foicgoing account, 
that, in places where it was full obfeivcd, a dificient 
quantity of Kaiii would be colleded, according as the 
Rain gages w'cic places! above or below the tops of the 
neighhouiing buildings ; the Rain-gage below the top 
of tlie houfe, into which the greater quantity of 
Rain liad for fevcral years been found to fall, was above 
15 feet above the level of the other Rain-gage, which 
in another part of London was placed above the top of 
the lioufc, and into which the leffer quantity always 
fell. This difi’eruice thcicforc does not, as Mr. Bar- 
rington jullly rcinaiks, depend upon the greater quan- 
tity of atmofphere, through wliich the Rain defeends ; 
though this nas been fuppofed by fome, who have 
thence concluded that this appearance might readily be 
folved by the accumulation ot raoie drops, in a dcfceiit 
thiough a great depth of atmofphere." 

RAINBOW, //•//, or fimply the is a meteor 
in form of a party-coloured arch, or femicircle, exhi- 
bited in a rainy Iky, oppofitc to the fun, by the re- 
fra^ion and reflection of his rays in the drops of. 
falling rain. There is alfo a fecondaty, or fainter bow, 
ufiially feen inveftiiig the former at fome diflance. 
Among naturalifls, we alfo read of lunar Rainbows, 
marine Rai^bo^v8, 8 cc, 

The Rainbow, Sir Ifaac Newton obferves, never 
appears but where it rains in the fun/hine ; and it may 
be rcprefcntcd artificially, by contriving water to fall 
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in fmalldropf, like rain, through which the fun fhinlngi 
exhibits a bow to a fpcif^ator placed between the fan 
and the drops, ffpedally if there be difpofed beyond 
ihe drops fome dark body, as a black cloth, or fuch 
tike. 

Some of tiie ancients, as appears by Ariftoilc’straif): 
On Meteors, knew that the Rainbow was caufed by tlie 
Ttfradion of the fun’s liglit in drops of falling lain. 
Long afterwards, one Flcteherof Hrellaw, in a trc.itife 
which he publiihed in 1571, endeavoured more paiti- 
oularly to account for the colonis of the Riinbow by 
means of a double velraCtioiv, and one icllcCtion. But 
he imagined tliat a lay of light, after entcilng a drop 
of rain, and fnlFering a nfradion, both at its tntrance 
and exit, was alterwnrda relieved from anotlicr diop, 
before it reached the eye of the fpe6ldtor. It Teems he 
overlooked the re(le<ftion at tlic farther fide of the drop, 
or clfe he Imagined that all the bendings of the light 
within the drop would not make a fnlficient curvaline, 
to bring the ray of the run to the eye of the (pedator. 
But Antonio dc Dominls, bilhop of Spalato, about tiic 
.year 1590, whufe treatife J)e Radtis Vtjihet 7 . am was 
publilhed m 1611 by J. Bartolus, firll adranced, that 
the double refradion of Fletcher, with an intervening 
rcfledion, was fnlficient to produce the'coloms of the 
Rainbow, and nlfo to bring the rays that foiraed them 
to the eye of the fpedator, without any lubfequent 
refiedion. Me dillindly clefcribes the progrefs of a 
ray of light entering tne upper part of the drop, 
where it fuffers one refradion, and after being by that * 
thrown upon the back part of the inner fuifacc, is 
from thence refleded to the lower part of tlie drop ; 
at wliicli place undergoing q fecond refradion, it is 
thereby bent fo as to come diredly to the eye. To 
verify this hypothcfis, lie procured a fmall globe of 
folid glafs, and viewing it when it was expofed to the 
rays of the fun, in the fame manner in which he had 
fuppofed the drops of rain were fituated with refped 
to them, he a’dually obferved tiic fame colours which 
he had fecn in the true Rainbow, and in the fame 
order. Thus this author flicwcd how the interior bow' 
is formed In round drops of i-ain, viz, by two refrac- 
tions of chc fun’s rays and one reflcdion between them ; 
and be llkewife fhewed that the exterior bow is formed 
by two rcfradloiis and two forts of refledions between 
them in each drop of water. 

The theory of A", de Dominls was adopted, and in 
fome degree improved with refped to the exterior bow, 
by Des Cartes, in his treatife on Meteors; and indeed 
he was the firft who, by applying mathematics to the 
inveiligation of this furprlfiug appearance, ever gave a 
tolerable theory of the Rainbow. Philofophers were 
however llill at a lofs when they endeavoured to afiigti 
reafons for all the particular colours, and for the order 
of them. Indeed nothing but the dodrine of the dif- 
ferent rcfrangibllity of the rays of light, a difeovery 
which was referved for the great Newton, could furnilh 
a complete folutlon of this difficulty. 

Dr.' Barrow, in hU Lcdioncs Optic®, at Led, la, 
n. 14, fays, that a friend of his (by whom we are to 
Wnderftand Mr, Newton) communicated to him a way 
of determining the angle of the Rainbow, which was 
Ydutedvo wtthoul making a table 

of the refradious, as Dcs Cartes did. The dodor (hews 
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the method; as alfo fevcral other matters, at n. rii 
15, 16, relating to the Rainbow, worthy the genius of 
thjfe two eminent men. But tht fubjed was given 
mereperfedly by Newton afterwards, viz, in his- Op- 
tics, prop. 9^ where he makes the breadth of the 
inttnor bow to be nearly 2^ that of the exte- 
rior 3° 40', their dilUince the gvcdtcll femidi- 

ameler of the interior bow 42° 17', and the of 
the exterior 50® 42', when their colours appear ilrona- 
and perfed. 

The uoctririe of the Rainbow may be illnllrated and 
confirmed by expeilment in fevcral diffeient wavh, 
Tims, by hanging up a glafs globe, full of water, in 
the lun-llmie, and viewing it in fuch a pullurc that the 
rays which come from the globe to the eye, may include 
an angle either of 42° or 50° with the Inn’s rays ; for 
ex. if the angle be about 42-, the fpectator \m 11 fee a 
full icd colour in lliat InJe of the globe oppofitc to the 
fun. And by varying the pofillon fo as to make th^ 
angle gradually Itls, the other Colouis, yellow, grcLii, 
and blue, will appear fiiccelfivcly, in the fame tide of 
the glolrc, and that veiy bright. But if the angle be 
made about 50”, fuirpofc by railing the globe, there 
will appear a leJ colour in that fide of the globe to- 
ward tlie lim, though lomewh it taint ; and if the, ingle 
be made greatir, as by railing the globe dill highu, 
tliis red will change fucccllively to tlie other coiour , 
yellow, green, and blue. And the fame changes 
areobfervid by railing or depreiUng the eye, while 
the globe is at rcll, Newton’s Optics, pt, 2, pioj-. 
9, prob. 4‘ . 

Again, a fimilar bow is often obferved among the 
waves of the fea (called the marine Rainho^wJ, the up- 
per parts of the waves being blown about by the wind, 
and fo falling in drops. This appearance is alfo IVcri 
by moon light (called i\\c lunar Randnj'w), thougli ftl- 
dom vivid enough to render the colouis diftinguinrablc., 
Alfo it is fonietimes fecn on the ground, when the fun 
fliines on a very thick dew, Cafeades and founiaii 8 
too, whofc wateis arc in their fall divided into diups, 
exhibit Rainbows to a fpedtator, If properly liluaiLd 
during the time of the fun’s fliinlng ; and even viatcr 
blown violently out of the mouth of an obfeiver, liaud- 
iiig with his back to the fun, never fails to piodiiec 
the fame phenomenon. The artificial Rainbow may 
even be produced by caudle light on the water which 
is ejected by a imall fountain orjctd’cau. All ihdc 
are of the fame nature, and they depend upon the fame 
caufes ; fome account of which is as follows. 


W 
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Let the circle WQGB reprefent a Jmp oF water, 
or a rfobe, upon which a beam of parallel light falls, of 
which let TB reprefent a ray falling perpendicularly at 
B, and which confcquently either pafTes through with- 
out refraction, or is reflected direClly back from 
Suppofc another ray IK, incident at K, at a diftance 
from H, and it will be refradlcd according to a certain 
ratio of the lines of incidence and refradtion to each 
other, which in rain water is as 539 to 396, to a 
point Lj whence it will be in part tranfmitted in the 
iiiredlion L Z, and in part reflcdied to M, where it 
will again in pait be relieved, and in part tranf- 
mitted in the direction MP, being inclined to the line 
tieferibed by the incident ray in the angle lOP. 
Another ray AN, (lillfarthci from B, and confequenlly 
incident under a greater angle, will be refraefed to a 
point F, Hill farther from whence it will be in part 
icfleded toG, from which place it will in part emerge, 
forming an angle AXR w’ith the incident AN, 
greater than that w'hich \vas formed between the ray 
MP and its incicUnt lay. And thus, while the angle of 
incidence, or diilance of tlie point of incidence from 
13 , increafes, the dillance between the point of reflec- 
tion and Q^ancl the angle formed between the incident 
and emergent lefledtcd rajs, will alfo increafe; that is, 
as far as it depends on the dIHance from B : but as the 
lebadion of the ray tends to carry the point of reflec- 
tion towards and to diminifli the angle foimed be- 
tween the In».ident and emergent refleded ray, and that 
the moic the greater the dillance of the point of inci- 
dence from 13 , there will be a certain point of inci- 
dence between B and W, with which the greatcH pef- 
fihle didance between the point of reflection and 
and the gteated polfible angle between the incident 
and emergent icfleded ray, will covrefpond. So that a 
lay incident nearer to B lhall, at its emergence after 
reflection, form a lefs angle with the incident, by rea- 
fon of Its more dirc6t refledtidm from a point nearer to 
and a ray incident nearer to W, lhall at its emer- 
gence form a Icfs angle with the incident, by reafon of 
the greater quantity of the angles of refra6tion at 
its incidence and emergence. The rays which fall for 
a confiderahle fpace in the vicinity of that point of in- 
cidence with which the greateft angle of emergence 
conefponds, will, after emerging, foim an angle with 
tlic incident rays differing inlcnfibly from that greateft 
angle, and confcquently will proceed nearly parallel to 
each other; and thofe rays which fall at a diilancefrom 
that point will emerge at various angles, and confe- 
qucntly will diverge. Now, to a fpc<Rator, whofe 
back is turned towards the radiant body, and whofe 
eye is at a confiderable diftance from the globe or drop, 
the divergent light will be fcarcely, if at all, percep- 
tible ; but If the globe be fo fituatcd, that thofe rays 
that emerge parallel to each other, or at the greateft 
pofiible angle with the incident, may arrive at the eye 
of the fpeSator, he will, l)y means of thofe rays, be- 
hold it nearly with the fame fplendourat any diftance. 

In like manner, thofe rays which fall parallel on a 
globe, and are emitted after two reflections, fnppofe 
at the points F aod G, will emerge at H parallel to 
each oth.. when the angle they make with the inci- 
dent AN is the lead Rouble ; and the globe nod be 


feen very rcfplendent when its pofition is fugh, that 
thofe parallel rays fall on the eye of the fpedator. 

The quantities of thefe angles arc determined by 
calculation, the proportion of the lines of incidence 
and refradion to each other being known. And tliis 
proportion being dllferent in rays which produce diffe- 
rent colours, the angles miiil vary iu each. Thus it 
is found, that the greateft angle iu rain water for the 
lead refrangible, or red rays, emitted parallel after one 
refledion, is 42^^ 2 and for the molt refrangible or 
violet rays, emitted parallel after one relicdion, 
40° 17 'j likcwife, after two refledions, the leaft re- 
liangible, or red rays, will be emitted neatly jiriridlcl 
under an angle of 50® 57', and the molt lefrangihle, 
or violet, under an angle of ^4° 7' ; and the intermc- 
diate colours will be emitted neaily paralkl at interme- 
diate angles. 

Suppofe now, that O is the fpedator^s eye, and 
Off a line drawn parallel to the luiffs rays. SF, bF, 
SG, and SH; 



and let POE, POF, P^OG, POH be angle* 
of 40^^ 17^ 42° 2', 50^^ 57', and 54® 7' refpedively; 
then thefe angles turned about their common lldc OP, 
will with their other Tides OF, OF, OG, OH de- 
Icrlbc the verges of the two Rainbows, as in the figure. 
For, if E, F, G, H be drops placed uny where in the 
conical fupcrficies defeilbcd by OK, OF, OG, OH, 
and be illuminated by the lurffs rays SE, bl’, SG, 
Ski ; the angle BKO being equal to the angle fft)E, 
or 40® 17’t will be the greateft angle in which the moll 
refrangible rays can, after one refledion, be rerra6led 
to the eye, and therefore all the drops in the bne OE 
mull fend the moll refrangible rays moll copioufly to 
the eye, and fo ftrlkc the fenfe with the deepeJl violet 
colour in that region. In like manner, the angle SFO 
being equal to the angle POF, or 42® will be tiie 
greateft in which the leaft refrangible rays after one 
reflediou can emerge out of the drop^, and there- 
fore thofe rays mull come moll copioufly to the eye 
from the drops in the line Of, imd ftnke the fenfe 
with the deepeft red colour in that region. And, by 
the fame argument, the ruye which nave the inter- 
mediate degrees of rcfrangibihty will come moll eo- 
pioufly from drops between £ and I, and lirike the 
ienfes with the intermediate colour^ in the order w’l/ch 
their degrees of rcfrangibility require j that is, in tfie 

progi c ft 
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■jvrogrcfs from E to F, or from tire iirfide of tire how 
to lire oinlkic, in this order, viokt, indigo, blucj 
green, yellow, orange, red. Uut the violet, by the 
mixture of the white light of the clouds, wtll appear 
faint, and inclined to purple. 

Again, the angle 8(^0 being equal to the angle 
rOG, or 50^^ 57', will be the lead angle in which the 
kail refiangible rays can, after two rtfledions, emerge 
out of the drops, and therefore the hall itfrangiblc rays 
mull come nroll copioufly to the eye from the drops in 
the line OG, ^nd llrike the fenfe w'ith the dtcpcil red 
iir that region. And the angle SIIO being e«|iral to the 
migle rOH, or vy” 7', will be the kail angle in which 
the moll refrangible rays, after tv^o refle^lioiiR, can 
emtTgc out of the drops, and therefore thofe lays 
mull come moll copioudy to the eye from the diops in 
the line OH, and Ur ike the fenle with the dcepell 
violet in that region. And, by the fame argiirricnt, 
the drops in tlie n'glons between G and H wdl fliike 
tlic fenfe with tire intermediate colours in the order 
which their degrees of rcfrangibility rcquiic ; that is, 
in tlie progrefs from G to H, or from tlieinlrdc of the 
bow to the outlide, in this order, red, oiangi, yellow, 
green, blue, indigo, and violet. And jince the four 
lines OE, OF, OG, OH may be fituatvd any whire 
in the above-mentioned conical fupcrlicies, wjiat is faid 
of the drops and colours in thefe lines, is to be under - 
ilood of the drops and colours cyery where in thole fu- 
pcrUcics. 

Thus there will be made two bows of colours, an 
interior and Urongcr, by one reflc^lion in the drops, 
nnd an exterior* and fainter by two ; for tire light be- 
comes fainter by every rcflciflion ; and their colours 
will lie in a contrary order to each other, the red of 
both bows bordering upon ihcfpaccpF, which is be- 
tween the bowl. The breadth of the interior bow, 
EOF, meafured acrofs the colours, will be 15', and 
the breadth of the exterior GOH, will be 10', alfo 
the dillauce between them GOF, will be 5^', the 
greateft fcmidiamelcr of the iirnevmoft, that is, the 
angle FOF, being 42® 2', and the hall femidiamttcr of 
lire outer moll FOG being 50® 57'. Tiicfc are the mea- 
furcs of the bows as they would be, were lire fun but 
a point ; but by the breadth of Iris body, tire breadth 
ot the bows will be iircrcakd by half a degree, 
and their dillance dimiDifhcd by as much; fo that 
the breadth of the inner bow will be 1^15', that 
of the outer 3® 40', their diUance 8° 25'; the greateft 
femidiameter of the interior bow 42® 17', and the k.ift 
of the exterior 50® 42 ^ Andfuch arc the dimenfioni 
of the bows in the heavens found to be, very ncaily, 
when thtir colours appear llrong and ptife£t, 

1 he light which comes through dr ops of rain by two 
lefraflions without any reflexion, ought to appear 
lltongcft at the diUance of about a 6 degrees from the 
fun, and to decay gradually both ways as the diftance 
from the fun increafes and dccrcafes. And the fame is 
to be undeillood of light tranfmiltid through fphcrical 
kailftones. If the hail fee a little flatted, as it often 
is, the light tranfmilted may grow fo ftrong at a little 
kfs diUance than that of 20®, as to form a halo about 
the fun and moon, which halo, when the ftones are 
duly figured} may be coloured} aod then it mull be 


red within, by the lead refrangible rays, and bkc 
without, by the moll refrangible ones. 

The light which pafl'ea through a drop of tain 
after two refraftions, and three or more reflexions, 
is fcarce ftrong enough to caufe a fenfible bow, . 

As to the diincnfion of the Rainbow, Dcs Cartes fii ft 
determined its diameter by a tentative and indireX 
method ; laying it down, lliat the magnitude of the 
bow depends on tie degiee of rcfraXioii of the fluid < 
and nfl'uming tlie laiio of the fine of incidence to that 
of icfiadtion, to be in w^ater as 250 to 187. But Ur, 
lli.lky, in the Philof, Tranf. number 267, gave a 
limple direX method of determining ihc diameter of 
(he Rainbow from tlic ratio of the lefradtiou of the 
fluid being given ; or, vice veria, the ciiametcr ol tiie 
Kainlxivs being given, to deterii.inethc refiadlive powci 
of the fluid. And Dr, Halley’s principles and eonlliiic- 
tion weie faither explained by Dr. Moigan, bllbop c I 
Ely, in bis Diircrtaiion on tlie Rainbow, among the 
Holes upon Robault’a b)ileiu o{ Pliik i^phy, part 3, 
chap. 17. 

I'lom the* theory of the Rainbow, all the paiticii- 
lar plienununa of il aic ealily deducibie. lUnec v.e 
fee, lit, VVliy tlie iris is always of the fame breadth ; 
btcanfe tlie iuleiniediate degrees of refrangibilit) of the 
lays between red and violet, which are its extreme eo- 
loins, ate always the fame. 

2dly, Why the bow fliifts its fitiiatiou as the eye 
does ; and, as the popular pliiafe has it, Hus fioni thole 
who follow it, and tollows thofe that fly Irom it ; the 
coloured diops being difpofed under a ccitain angle, 
about the axis of vilion, which is different in diile'- 
leiit places: whence alfo it follows, that e\e-iy difreieiit 
fpcXalor fees a diflerent bow', 

3dly, Why the bow Is fometimes a larger portion of 
a ciiclc, fomeliirus a kfs: its magnitude depending on 
the greater or lels pait of the lurface of the eonc, abu\c 
the lurface of the eailh, at the time ot its ap- 
pearance*; and the* higher the fun, always tiie lets the 
Kaiiihow'. 

4thly, Why the bow never appears when the fun 
is above a certain altitude ; the lurface ot the cone, 
in which it fliould be feen, being loft in the ground 
at a little diftance from the eye, when the fun is above 
42® high, 

^thly, Why the bow never appears greater than 
a fcmicircic, on a plane ; flnee, be the liin never lo 
low*, and even in the bonbon, the centre of the bow 
is llill in the line of afpeX ; which in this calc luns 
along the earth, and is not at all raifed above the fui- 
facc. Indeed if the fptXator be placed on a veiy con- 
fiderabk eminence, and the fun in the hori/cn, the 
line of afpcdl, in which the centre of the bow is, 
will be confidcrably raifed above the horizon. And 
if the eminence be very high, and the rain near, it 
is poflible the bow may be an entire circle. 

ithly, How the bow may chance to appear inverted, 
or the concave fide turned upwards ; viz, a cloud hap- 
pening to intercept the rays, and prevent their fhining 
on the upper part of the arch ; in which cafe, only the 
lower pait appearing, the bow wdli feem as if turned 
upfide down; which has probably been the cafe in 
levcral prodigies of thiskindi related by authors. 

LuMf 
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Rain SOW. The moon fometime< alfo exhi- 
bits the phenomenon of a’n iris, by the refradfion of 
htr rays in the drops of rain in the night-time. 

Ariftotle fays, he was the firil tliat ever obCerved it ; 
and adds, it is never fecn but at the time of the 
full moon ; her li^^ht at other times beinjr too 
faint to affefl the fight after two refra^lions and one 
rede^b'on. 

lunar iris has all the colours of the folar, very 
didiaCl and pleaf.;iit ; only fainter, both from the diffe- 
rent intenlity of llie rays, ami the different difpofition 
of the medium. 

Marhr Rainbow. This is a phenomenon fomc- 
tinics obferved in a much agitated fea ; when the wind, 
fviecping pait of the tops of the waves, carries them 
aloft ; fo that the fun’s rays, falling upon them, are 
rerraO-fed, t^c, ns in a tominon Hiower, and there paint 
the colours of .the how. Thefe bows are Icfs diflin- 
guifliable and bright linn the common bow; but llien 
they exceed as to numbers, there being fometimes 20 
or 30 feen together, d’hey appear at noon day, and in 
a }K)(ition oppofitc to that f t the common b<»vv, the 
Ovineavc fide being turned upwaids, as indeed it ought 
to be. 

RAIN Gage, an inftrument for mcafuring the 
quaulily <if lain tliat falls. It is tlie fame as Omuro- 
MLTMi, or Ri ueiAMETi-R, whicli fee. 

RAKKn 7 or Raking Jahky in Arclilte^lnrc, 

a iiicmbci liollowed in the fquare of a pcdcflul, or clfc- 
\Nliere. 

RAM, in Aflronomy. See Aries. 

Ram, Sc^ Rattfring Ranu 

Rams-IIokns, in Foitiiication, a name given by 
Belitlor to the Ten lilles, 

RAMPAR'I', or Rampifr, in Fortification, a malTy 
hank or elevation of earth around a place, to cover it 
fifjin the diicet fire of an enemy, and of fufficient 
thicknefs to rtiill the efforts of their ca'iinon for many 
days. It is formed into baflions, curtains, 6cc, 

Upon the Ramput the IbldiervS conliniinlly keep 
guaul, and the pieces of artillery are planted for de- 
fence, Alio, to fhelter the men from the enemy’s (liot, 
the outfulc of the Rarnp.ui is built higher than the reft, 
i. e. a parapet is raifed upon it with a platform.^ It is 
encompalfed with a moat or ditch, out of which is 
dug the earth that forms the Rampart, which is raifed 
Hoping-, that the earth may not flip down, and having 
a herme at bottom, or is otherwlfe fortified, being 
lined with a facing of brick or ftone. 

The height of the Rampart need not be more than 
3 fathoms, this being fufficient to cover the houfes from 
the battery of the cannon ; neither need its thicknefs 
he more than lo or 1 2, unlefs more earth come out of 
the ditch than can otherwife be bcftow'cd. 

The Ramparts of halfmoons are the better for being 
low, that the fmall fire of the defendants may the 
better reach the bottom of the ditch ; but yet they 
muft be fo high ai not to be comniaoded by the covert- 
way, 

Rampar-t is alfo ufetl, in civil architecture, for the 
void fpacc left between the wall of a city and the 
boiifes. This is what the Romans called Pomocrium, 
where it was forbidden to build) and whae they planU’d 


rows of trees fur tlie people to walk and amufe them** 
fclves under. 

RAMUS (PbTER), a celebrated French mathe- 
matician and philofoplicr, was horn in 1519, in a vil- 
lage of Vcrmandols in Pieaidy. He was defeeuded 
of a good family, which liad been reduced to extieme 
poverty by ilic vvais tuid other misfortunes. His own 
life too, fays Bayle, was the ffTort of fortune. In hi9 
infancy he was twice attacked by the plague. At S 
years of age, a thull lor learning urged liim to go to* 
P.iris j but he was foori fuictd by poverty to leave that 
city. He returned to iL again as foon as he could; Lur, 
being unable to Tiuppoit himfelf, lie left it a fecoud 
time: yet his paihon for ftudy was fo violent, that 
notvvithllandiug his bud fiiccefs in the tu'o foniui’ 
vihts, he ventured upon a thiul. He was nraintaiued 
thcie lomc months by one of his uncles; aftlr which 
he was obliged to become a feivant in the college of 
Navarre. Here he fpent the day in waiting nptm 
his mailers, and the greuteft part of the uigRt iu 
ftudy. 

After liaving fmiftitd claflical Icaining and thctoric, 
he w'cut through .a couife of philofophy, which took 
him up three yeuis and a half in the fchools. Tiic 
tlicfis, which he made for his mafler of aits dcgicc, 
oftVndcd every one ; foi he maintained in it, that gll 
that Aiilloilehad advanced was falfc ; and he gave veiy 
good anfweis to the ohjedions of the profdiors. l'hi.> 
luccefs encouraged him to examine the dodiinc of 
Anllolle moie elofely, and to combat it vigoroully: 
but he confined himfelf ehiefl) lo his logic. I'lie two 
fiill books he publi/hcd, the out ciuitled, InjDtut'tnus 
Dtniedicay tire /}r\jluit'}k<e Aniviadvt) ftu 'uciy oica- 

fioircd gieat diftnibanccs in the univeility of Paris. 
The profeflbts there, who wcie adorers of Ariftotle, 
ought to have rcluKd Ramus’s books, if they could, 
by writings and ledures; but inftead of confining 
themfelves williin the juft bounds of academical wars, 
they piofcculcd this anti-peripatetic hcfijie the civil 
inagiftraie, as a man who was going tofap the founda- 
tions of religion. They raifed fuch clamours, that the 
caufe was carried before the parliament of Paris: but, 
perceiving that it wmikl be examined equably, his ene- 
mies by their Inti igucs took it from that tiibuiial, to 
bring it before the king’s council, in 1543, The king 
ordered, that Ramus and Anthony Govea, who was 
his principal adverfary, fliould choofe two judges each, 
to pronounce on the controverfy, after th«y fhould liave 
ended their difputation; while he himfelf appointed a. 
deputy. Ramus appeared before the five judges, though 
three of them were his declared enemies. The* 
difpute lafted two days, and Govea had all the ad- 
vantages he could defjce ; Ramus’s books being pro- 
hibited in all parts of the kingdom, and their au* 
thor fentenced not to teach philofophy any longer ; 
upon which his enemies triumphed in the moft indc« 
cent manner. 

The year after, the plague made great havoc in 
Paris, and forced moft of the ftudents in the college of 
Prefle to quit it ; but Ramus, being prevailed upon to 
teach in it, foon drew together a great number of au- 
ditors. The Sorbonne attempted in vain to drive him 
from that college \ for he held the hcadftiip of that 
. . houfe 
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bonfc by*anct of parliament. Throuj^h the patronafrc 
Jin 4 protc(S\ion of the cardinal of Lorrain, he obtained 
from Henry the ad, in I5 47» the liberty of fpeakinfj 
and writing, and the regal profefTorfhip of philofophy 
and eloquence in The paihamentof Paris had, 

before this, maintained him in the liberty of joining 
philofophlcal le<‘‘^urcft to thofc of eloquence; and this 
arict or decree had put an end to feveral grofeentione, 
•wlmh Ramus and Ins pupih had fnfferod. As foon as 
he was made regins profefTor, lie was fired with a new 
i" nl for improving the fcicnces, not withflsiKhiig the 
hatred of Ills enemies, who wtTen(vcrat I'efK 

Ramus L'ore at that time a fi.irt in a very fngul.rr 
affair. About the y<ar i<>50, the rojal profeffors coi-- 
r.Cded amonp other abufes, tbatvhicli bad crept into 
tl'C prommciation of the Latin tongue. Sonu of the 
clergy f(; 11 ow.:d this regulation ; Imit the Sorbonnifls 
wne much ofTcndtd at it as an innovation, and delud- 
ed the old jiionnncialion with great veal. T hings at 
length were carried fo far, that a mlniiler, who had a 
good living, was veiy 111 treated by them ; and caultd 
to be eje 61 <d from his bencfiee for having pronoiinctd 
quifquU^ qnanmiam^ according to the new way, inilead 
of yf-'/!'//, hriLmy aecouling to ihcokl. "Phe miniller 
applied to the parliament ; and the royal prolcffois, 
with Ramus among them, feailng he would fall a 
\MVtim to the credit and authority of the faculty of 
divines, for prefuming to pronounce the Latin tongue 
aceotding to their regulations, thought it incumbent 
on them to rfllfl him. Accordingly, they went to the 
court of jiiflicc, and reprefented in fuch Arong terms 
the Indignity of th^ profccutlon, that the minlAer was 
dialed, and every perfon had the libcity of pronoun- 
cing as he pleafed. 

Ramus was bred up in the Catholic religion, but 
afterw-nrds rb'ferted it. He began to difeover his new 
piinclplea by removing the images from the chapel 
of his college of Prdlc, in 1^52. Hcieupon fuch a 
ireifecutlon was ralfcd agalnA him by the RcligioniAs, 
as well as AiiAotiHans, that he was driven out of bis 
piofcfTorfhip, and obliged to conceal hlmfelf. For that 
puipofc, with the king’s leave he went to Fontain- 
i>lean ; wheie, by the help of books in the king^s 
libiaiy, hcpiofecuted geometrical and antonomicalAu 
diis. As foon as Ills enemies found out lii« ictreat, they 
renewed tlicir perfecution? ; and he was forced to con- 
ceal himfelf in feveral other places. In the mean time, 
Ilia curious and excellent collision of books in the 
college of Pnfle was plundered : but after a peace was 
concluded in is63, between Charles the 9th and the 
Protcllants, he again took pofltAion of bis employ- 
meul, maintained UimfeU' in it with vigour, and w.is 
paiticularly zealous in promoting the Audy of the ma- 
thematics. 

This continued tilLthc fecoml civil w^ar in 15:67, 
when he was forced to leave Paris, and (helter himfelf 
among the Hugonots, in whofe army he w^as at the 
battle of St. Denys. Peace having been concluded 
feme months alter, he wns ignored to his proftflbtfliip ; 
but, foiefeting that the war would foon break out 
again, he did not caie to venture himfelf in a freAi 
Aorm, and therefore obtained the king’s leave to viftt 
the univeifities of Germany. He accordingly under- 
tookrthis jouiney in 1568, and received great honours 
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wherever he came. He returned to France, after the 
third war in 1571 ; and loA his life mlfcrably, in the 
rnaflacreof St. Bartholomew’s day, 1572, at 57 years 
of age. It is (aid, that he was concealed in a granaiy 
during the tumult; but difeovered and dragged out by 
fome peripatetic doiSlors wdio, hated him ; thefe, after 
Aiipping him of alibis money under pretence of pre- 
fciving his life, gave him up to the afTafiins, who, 
after cutting his throat and giving him many woiind% 
threw him out of the window; and his bow^cls gufh- 
ing out in the fall, feme An'Aotelian fcholars, encon- 
raged by their inalleis fprend them about the Areets; 
then di.agged liis body in a moA ignominious manner, 
and threw it into the river. 

Ramus vvjs a gieat orator, a man of univerfa! learn- 
ing, and endowed willi viuy fine qualities. He was 
fober, temperate, and chafle. He ate but little, and 
that of boiled meat ; and drank no wine till the latter 
part of bis hie, when it was prelciibedby the phyii- 
clans. He I ay upon fiiaw ; lole early, and (Uidicd Ihiid 
alldny; and led a h. plc lile with the ntmoA puiitr. 
He was 7eah>!iS for the piolilbuit uligion, but at tiie 
fame lime a little ohOinate, and g'ven to coiitiadidhicn. 
’I'he pii.tcibiiit ininilliis did not love him nuuh, tor he 
made himfelf a kind of head of a pait), to ehaii.;e 
the difclplirie of the piotelbint cIiuviIk^; lus delign 
was t‘) introduce a demociatical govcinmcnt in tiie 
chinch, but this dcilgn was ti.iverled, and defeated in 
a national lynod. His fe6t llouillhed however for 
fome time afterwards, fpreading pretty much in Scot- 
land and Fugland, and Aill more in Germany. 

He publifitcd a great many books ; but inaihematio 
was chiefly obliged to him. Of this kind, his wiitiiig 
were prinelp.illy thefe following : 

1. Sd'diit uvi ALuhtmaltCiHum lilri 

2 . /Irhhmeticit hhri duo^ — hbrl duu» — Ceomf 
iridc hbrl iq* 

Thefe vvi-’-e greatly enlarged and explained hy Seho- 
ner, and puhlilhed in 2 volumes 4(0. Iheic wtic live- 
ral editions of tlieni ; mine is that of 1627, at bianl- 
fort. — The Giomctrv'^, which is chlifly pi.n^lical, was 
tranflated into Knglifli by William Bcdwell, and pubhlh- 
cd in 4to, at London, 1&36, 

RANDOM-SHor, is a (hot difebarged with the 
axis of the gun elevated above the horizontal or 
point-blank direction. 

Random, of a fliot, alfo fometiraes means the range 
of it, or the diftaiice to which it goes at the firlbgia/e, 
or where it flriker. the ground. Sec Rangk. 

RANGE, in Gunnery, fometimes means the path 
a Avot Aies in. Bi t more ufually, 

Range now means the dillance to which the Amt 
flies when it Arikes the ground or other^ objc£f, called 
alfo the amplitude of the fliot. But Range is the 
term in prefent ufe. 

Were it not for the rcfiAancc of the air, the great- 
cA Range, on a horizontal plane, would be when the 
Aiot is difebarged at an angle of 45° above the hoii- 
zon ; and allotlier Ranges would be the lefs, the more 
thc^angle of elevation is above or below 45® ; but fo 
at that at equal diAancts above and below 45®, the two 
Ranges arc equal to each other. But, bn account 01 
the rcAAance of the air, the Ranges arc altered, and 
that in different proportions, both for the different 
^ fizts 
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{ize 6 of the (hot, and their different velocliies : fo that 
the grcateft Range, in praftice, always lies below the 
elevation of and the more below it as the (hot is 
Analler, and as its velocity is greater; fo as that the 
fmalleft balls, difcharged witlj the greaitfl velocity in 
pn6lice, ranges ‘the farlheft with an elevation of 30® 
or under, while the largeft (hot, with very fmall velo- 
cities, range fartheft with neaily 4^*^ elevation; and 
at all the intermediate degrees in the other cafes, bee 
Projectiles. 

RARE, in Phyfics, is the quality of a body that 
is veiy porous, vvhofe parts are at a great dillancc fiotn 
one another, and which contains but little nutter under 
a great magnitude. In which fenfc Rare Hands oppoled 
to den(e. ^ 

The corpufcnlar philofoplicrs, viz, the Epicureans, 
GaiTendirts, Newtonians, &c, afTcrt that bodies are 
rarer, feme than otluis, in virtue of a greater quantity 
of pores, or of vacuity lying between their parts or 
pai tides. The Cartefians hold, that a greater rarity 
only confills in a greater quantity of materia fuHlihs 
contained in the pores. And lallly, the Peripatetics 
contend, that rarity is a new quality fuperinduced 
upon a body, without any dependence on either vacu- 
ity or fubtile matter. 

RAREFACl'ION, in Phyfics, the rendering a 
body raicr, that is bringing It to expand or occupy more 
100m or fpace, without the accdiion of new matter : 
and it is oppofed to condenfation. The more accurate 
wi ittrs redricl the term Rarefadion to that kind of 
cxpanfion which is effeded by means of heat: and the 
expdifion from other ennfesthey term dilatation ; if in- 
dec<l there be other (aiifcs; for though fomc philo- 
fophers have attributed it to the adtion of a repulfivc 
principle in the matter itfclf ; yet from the many difeo- 
. cries concerning the nature and properties of the elec- 
tric Iluid and lire, there is great real'on to believe that 
this repnliive principle is no other than dementaiy (ire. 

'Phe Carte linns deny any fuch thing as abfolute Karc- 
fadion : exiviifion, according to them, conllituting 
the dfcncc of matter, they are obliged to hold all tx- 
tenfion equally full. Hence they make Karefadion to 
be no other than an acceffion of frefh, fubtile, and in- 
fenlible matter, which, entering the parts of bodies, 
fcnlibly diftends them. 

It is by Rarefadion that gunpowder has its effed ; 
and to the fame principle alfo W'e owe eolipiles, thermo- 
meters, &c. As to the air, the degree to which it is 
rardiable exceeds all imagination, experience having 
(hewn it to be far above 10,000 times more than the 
ufual (late of the atmofphrrc; and as it is found 
to be about 1000 times denfer in gunpowder than the 
atmofphere, it follows that experience has found it 
differ by about 10 millions of times. Perhaps indeed 
its degree of expanfion isabfolutcly beyond all limits. 

Such immenfe Rarefadion, Newton obferves, is in- 
conceivable on any other principle than that of a 
repelling force inherent in the air, by which its par- 
ticles mutually fir from one another. This repelling 
force, he obferves, is much more confidcrable in air 
than in other bodies, as being generated from the moll 
fixed bodies, and that with much difficulty, and fcarcc 
without fermentation j thofc particles being alw'ay® 
VoL. IE 


found to fly from each other wdth the yeateft force, 
which, when in contad, cohere the moft firmly toge. 
ther. Sec Air. 

Upon the Rarefadion of the air is founded the ufeful 
method of meafurlng aliiimles by the barometer^ in all 
the cafes of w'hich, the rarity ot the air is found to be 
inverkly as the force that compreffea it, or inverfoly as 
the weight of all the air above it at any place. 

RARITY, thinnel>, fubilcty, or the contrary to 
denfity. 

RATCII, or Rash, in Clock-Work, a fort of 
wheel having 1 2 fang'.-, which ferve to lift up the 
detents every hour, to make the clock firike. 

RATClil'.l'S, ill a W'^alch, are the fmall teeth at 
the bottom of the fulce, or band, that Hop it in wind- 
ing up. 

RATIO, accoiding to Euclid, is the haliitude or 
relation of tw'o magnitudes of the fame kind in refped 
of quantity. So the ratio of 2 to t is double, tlmt of 
3 to I triple, SiC, Several matbemalicians have found 
fault with ^iuclid’s definition of a Ratio, and ollicis 
have as much defended it, eTpccially Dr. Barrow, in 
his Mathematical Lcclurcs, with great ilcill and Icarn- 
ing. 

Ratio is fometimes confounded with proportion, 
but very improperly, as being quite different things ; 
for proportion is the fimilitiule or eijuality or identity 
of tw’o Ratios. So the Ratio of 6 to 2 is the fame ai 
that of 3 to I, and the Ratio of 1 5 to j is that of 5 
to r alfo ; and thcrefoie the Ratio of 6 to 2 is fimilar 
or equal or the fame with that of 15 to y, which con- 
llitulcs propoition, which is thus expreffed, 6 is to 2 
as 1 5" to 5, or thus 6:2 : : 15:5, which means 
the fame thing. So that Ratio cxills between two 
tt'rms, but piopoitioii between two Ratios or four 
terms. 

The two quantities that arc compared, are called 
the tertns of the Ratio, as 6 and 2 ; tlic firll of thefe 
6 being called ihc antcccdnitf and the latte*' 2 the confe- 
qurnf, Alfo the i.uhx or exponent of the Ratio, is the 
quotient of the two terms : fo the index of the Ratio 

of 6 to j is or 3, and which is therefore called a 

triph Ratio, 

VVolfius ‘diffingiiHlies Ratios into rational and 
tional. 

Rational Ratio is that which can be cxpreflTtd be- 
tween two rational numbers ; f 4 the Ratio of 6 to 2, 
or of 6 v^ 3 to 2y^3, 3 to t. And ^ 

Irrational Ratio is that which cannot be expreffed 
by that of one rational number to another ; as the 
Ratio of to 1/2, or of ^3 to root that ie 
to I, which cannot be expreffed in rational 
numbers. 

When the two terms of a Ratio'are equal, the Ratio id 
faid to be that of equality ; as of 3 to 3, whofe index ia 
I, denoting the fingle or equal Ratio. But W'hen the 
terms are not equal, as of 6 to 2, it is a Ratio of /«r- 
quality. 

Farther, when the antecedent is the greater term, 
as in 6 to 2 , it is faid to be the Ratio of greater in-- 
equality : but when the autecedent if the left term, as 
in the Ratio of a to 6, it is (aid to be the Ratio of 
U u h/s 
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Ufs mequttTity, In the former cafe, if the K’fs term be 
an aliquot part of the greatci, the Ratio of greater in- 
equality is faid to be multtphx or muhlpfe ; and the 
Hatio of the Icfb inequality, Particularly, 

in th« fit ft cafe, if the exponent of the Ratio be 2, as 
in 6 to 3, the Ratio is called duple or double ; if 3, as 
in 0 to a, it is triple ; and fo on. In the fccond cafe, 
If the Ratio be J, as In 3 to 6, the Ratio is called 
thple } if as in 2 to it is Jultiiph- ; and fo on. 

If the greater term contain the lefs once, and one 
aliquot pait of the fame over ; the Ratio of the greater 
inequality Is called fuperparticuhir^ and the Ratio of the 
Ids fubfupcrparticuUr* Particulatly, iti the iirft cafe, If 
llic exponent be | or 1 it is called /iyy//.v///r/'-//r; if }or 
1 j, fefiiuitertiul ; &c. In the other c.nfe, if the ex- 
ponent be J, the Ratio is called fubftfquiulleratc ; if 
it Is j'nljifrjn'tertiul. 

When the greater term contains the lefs once and 
feveral aliquot parts over, tlic Ratio of the greater in- 
eqii.ility is called fupeipat tuvsy and that of the lefs in* 
iqiinlity UJubfuperparttetis, Particuhiily, In the foimer 
cafe, if the exponent be J or 1 7, the Ratio is called 
fuprrhipoftietis tertias ; If the txponent be J or i lyfuper* 
tnpartinis quartos ; if or fvptrquadrtpiu I tens 

feptiroas ; &c. In the latter cafe, if the exponent be 
tlic reciprocals of the former, or the Ratio is called 
Jubfvperliparhtns tertias \ xi , fulfupcrtripartinis quar- 
tas } if Jul'fupirquadripoiUnis f pthuaA ; &c. 

Wlien the greater term contains trie lefs feveral times, 
and fomc one part over j the ratio of ibc greater inequa- 
lity is called multiplex fuperparticular\ and lire Ratio of the 
Ids inequality is called fubmuUiplex fuhfuperparticutar, 
Paittcularly, in the former cafe, if the exponent be 
i or 2', the ratio Is called dupla fefquialtera; if I/' or 
tripla fi'fqulquartay fee. In the latter cafe, if the 
exponent he ' 5 > the Ratio is called fuldupla fuhfeJquiaU 
tcra; If Jubttipla JubfeJquiquartay &c. Lallly, when 
the greater term contains the lefs feveral times, and fc- 
vcral aliquot parts over; the Ratio of the greater ine- 
quality is called multiplex fuperpartievs ; that of the lefs 
mc{\ud\\{y t fubmultiplcx fubfuperpartu us. Particularly, in 
the former cafe, if the exponent be J or 2 the Ratio is 
called dupla faperbipartiens tertias; if Y or 3^, tripla 
/uperbiquadnpartitns fepimasy See. In the latter cafe, 
if the exponent be j-, the Ratio is culled fubdupli fuh- 
fuperbipartiens tertias; if -i^yfublripla Juh/iipeujiuulripar’ 
Uens Jepttmas; &c. 

Thcfe are the varioM denominations of rational Ra- 
5 |ios, names which arc very ncceffaiy to the reading of 
the ancient authors; though they occur but rarely 
among the modern writer s, who ufc inlUad of them the 
frpallcft numeral terms of the Ratios; fuch 2 to 1 for 
duple, and 3 to 2 for fefquialterate, 3 cc. 

Compound Rai io, is that which is made up of 
two or more other Ratios, viz, by multiplying the ex- 
ponents together, and fo producing the compound Ra- 
tio of the produd of all tliC antecedents to the pro* 
du£t of all the confequents. 

Thus the compound Ratio of 3 to 3, 
and 7 to 4, 

IS the Ratio of - - - - 35 to 1 2. 
Particularly, if a Ratio be compounded of twa equal 
Ratios, it is called the duplicate Ratio ; if of three equal 


Ratios, the triplicate Ratio; if of four equal Ratio‘5, the 
quadruplicate Ratio; and fo on, according to the powers 
of the exponents, for all muhipheate Ratios. So the R. 
vet^l multi plicate Ratios of 

the frmplc Ratio of • 3 to 2, are thus, viz, 
the duplicate Ratio - 9 : 4, 
the triplicate Ratio - 27 : 8, 
theqiiadrupllcate Ratio 81 : 16, he. 

Properties ^Ratios. Some of the mote remarkable 
properties of Ratios arc as follow : 

1. The like multiples, or the like parts, of the terms 
of a Ratio, have the fame Ratio as the terms themfelvcs. 

So a by and na ; nhy and — : arcalllhefamc R.uio. 
n n 

2. If to, or from, the terms of any Ratio, be added or 
fubtraiflcd cither their like parts, or their like multipK^ 
the fums or remainders will ftill have the fame R.ttiu. 

So J : and a dz nn : b dz nby and a dt : h dz arc 

n n 

all file fame Ratio. 

3. When there are feveral quantities in the hiinc 
continued Rat'o, by Cy dy e, &c. whatever Ratio ilic 
firft has to the 2d, 

the ill to the 3d has the duplicate of that Ratio, 

the ill to the 4th has the triplicate of that Ratro, 

the ill to the 5th has the cjupdiuplicate of it, 
and fo on. Thus, the terms of the continued Ratio be- 
ing I, r, ; s, <?cc, where each term has to the 

following one the Ratio of l to r, tire Ratio of the ifl to 
the 2d; then i : is the duplicate, l : tire triplicate, 
I ; the quadruplicate, and fo on, according to Ihc 
pow ers of 1 ; r. 

For otlrcr properties fee Proportion. 

To approximate to a Ratio ;Vz fmaiUr Termt. — Dr. 
Wallis, in a fmall tradt at the end of Horrox’s woiks, 
treats of the nature and folution of this problun, hiu 
in a' very tedious way ; and he has profecuted the 1 unc 
to a great length In his Algebra, chap. 10 and 1 1, where 
he particularly applies it to the Ratio of the diamtlei 
of a circle to its circumference. Mr. Huygens too has 
given a folution, with the rcafons of it, in a much 
firorter and more natural w'ay, in his Deferip. Autoin. 
Planet. Opera Reliqua, vol i, pa. 174. 

So alfo has Mr, Cotes, at the beginningof his Har- 
mon, Menfiirarum. And feveral other perfons ha>c 
done the fame thing, by the fame or fimilar methods. 
The problem is very ufeful, for exprefTmg a Ratio in 
fmall numbers, that (hall be near enough In pradlice, to 
any given Ratio in large numbers, fuch as that of the 
diameter of a circle to its circumference. The princi- 
ple of all thcfe methods, confifts in reducing the terms 
of the propofed Ratio into a ferics of what are called 
continued fradtions, by dividing the greater term by the 
lefs, and the lefs by the remainder, and fo on, always 
the laft divifor by the laft remainder, after the manner 
of finding the greateft common meafure of the two 
terras ; then conneding all the quotients &c together 
in a ferics of continued fradlions; and laftly colledllng 
gradually thefe fradtiona together one after another. 

b 

So if j be any fradiion, or exponent of any Ratio ; 
then dividing thus, * 
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22J. =2 ^ , the 4th value; 
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D/ B ic6. 1+7 1 13 

and fo on ; where the fucceffive conlinual approximating 


values of the propofccl Ratio arc 


zi 

T' 


Mi 

106 ” 1 13’ 


' &c. 

^ives Cf e, jTy &c, for the fcveral quotients* and thofct 
foimcd in the ufiial way, give the approximate value 
of the given Ratio in a fetics of continued fradions; 
thus, 


a 



+ &c. 


Then collc<fling tlie terms of this feiies, one after an- 
other, fo many values of — are obtained, always near- 
er and nearer ; the firft value being ^ or 
I ^ e + I A 

the 3d value f + _!_ = f +j;^ = 

g 

i-j f + c + ^ ‘ ~ ^ j 

.fc+i~'" i«+i “ 13 ^ + 1 n 

in like manner, 

, , , . C/ + A E 
tlic 4th value IS — = p- ; 

the 5 th value IS ; &c. 

Fioin whence comes this general rule:' Having found 
any twoofthefc values, multiply the terms of the latter 
of them by the next quotient, and to the two produds 
add the correfponding terms of the former value, and 
ilie fums w'ill be the terms of the next value, See, 

For example, let it be required to find a feries of 
Ratios in leffer numbers, conllantly approaching to the 
Ratio of 100000 to 3I4I59» or nearly the Ratio of the 
diameter of a circle to its circuntfcrcncc. Here fird 
dividing, thus, 

iocooo) 3 i 4 [$ 9 ( 3 =:g 

d -=. 14159) 100000(7 rre 

/= 8b7)j4i5S(J5 -i 

h = 854)887 (I =/, iic, 

&er 

there arc obtained the quotients 3, 7 » I 5 > i> ^ 5 * 7 > 4 . 


Hence 3 or — r, tlie i R value ; 


+ 1 


+ e 


~ ii -s the 2d value ; 
1.7 7 13 


^ Ml ^ c , 

i- I 7.15+1 ^ 


&cjthc 2d of thefe, vl/.--, being the approximation of 

3 5 f 

Archimedes: and the 4th, viz - — , is that of Mc- 
133 

tins, which is very near the tiuth, being equal 
to 3*1415929, 

the more accurate Ratio being - - 3*141 

The do^rhie of RaLoi and Proportions t as delivcied by 
Euclid, in tire fifth book of his Elements, is confidcred 
by mod perfons as very ohfciirc and objedionable, par- 
ticularly lire definition of proportionality; and fevcral 
ingenious gentlemen have endeavoured to elucidate that 
fubjed. Among thefc, the Rev. Mr. Abram Robert- 
fon, of Clrrlll Churxfi College, Oxford, ledurcr in 
geometry in that univerlrty, printed a neat little paper 
there in 1789* for the ufe of Iris claffes, being a demon- 
ftration of that definition, in 7 propofrtions, the fub- 
ftance of which is as follows. He firll premifes this 
advertifement : 

“ As demonftrations depending upon proportionality 
pervade every branch of mathematical fcience, it is a 
matter of the highcll importance tocllablifii it upon clear 
and irulifputable prirtciplcs. Mod mathematicians, both 
ancient and modern, have beeiv of opinion that Euclid 
has fallen fiiort of his iifual peifpicuity in this pai*ticular* 
Some have quedloned the truth of the dcfinrtion upon 
which he lias founded it, and, alrnod all who have ad- 
mitted its tr uth and validity have objeded to it as a de* 
JinU'ton, The author of the following propofitions ranks 
himfclF amongd ohjeddors of the lad mentioned de- 
feription. He thinks that Euclid mud have fourrded 
the definition in quellion upon tlie re.ifonriig cotitniiied 
in the fird fix deinondrations here given, or upon a 
fimilar train of thinking; and in his opinion a dtfnition 
ought to be as llmple, or as free from a multiplicrly of 
conditions, as tire fubjedt will admit. 

He then lays down thcle four definitions ; 

“ I. Ratio is the relation which one magnitude has 
to another, of the fame kind, with refped to quantity.’' 

2. If the firll of fwir magnitudes be cxaitly as great 
when compared to tlie fccond, a» the third is when 
compared to the fourth, the fird is faid to liavc to 
the fccond the fame Ratio that the third has to lire 
fourth.'* 

♦*3, If the fird of four magnitudes be greater, when 
compared to the fccond, than the thiid is when com- 
pared to the fourth, the fird Is faid toliave to the fccond 
a greater Ratio than the third has to the fourth.'* 

“ 4. If the fil'd of four magnitudes be Icfs, when 
compared to the feCond, than the third is when com- 
pared to tlie four th, the fird is faid to have to the fccond 
a Id's Ratio than the third has to the fourth.'* 

Mr. Robertfon then delivers the propofitions, which 
are the following : 

** Prop, I. If tJic fird of four magnitudes have to the 
fecond, the fame Ratio which the thud has to the fourtli; 
U u 2 then, 
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hen, If the fii (I be ccjual to the fecond, the third incqaal 
Lo the foul th; if gi cater, greater; ifkfe, lefs/* 

Prop. 2, If the fiift of four magnitudes be to the 
fecond ns the third to the fourth, and if any equimulti- 
ples whatever of the firlk and third be taken, and alfo 
any equimultiples of the fecoud and fourth ; the multi- 
ple of the fiill will he to the multiple of the fecond as 
the multiple of thethlul to the multiple of the fourth.** 

“ Prop. 3. If the firfl: of four inagnitudes be to the 
fecond as the third to the fourth, and if any like alit^uot 
paits whatcvei he taken of the fir 11 and thud, and any 
like aliquot parts whatever of the fecond and fourth, the 
part of the full will be to tlic pait of rlie fecond as the 
part of the third to the part of the fourth.’* 

** Prop. 4. If the full of four magnitudes be to the 
fecond as the third to tlie fourth, and if any equimulti- 
plea whatever be taken of the fiift and third, and any 
whatever of the fecond and fourth ; if the multiple of 
the fiift be equal to the multiple of the fecond, the 
multiple of the third will be equal to the multiple of the 
fourth ; if greater, greater ; if Ufs, lefs.” 

“ Prop, 5. If the firft of four magnitudes be to the 
fecond as the third is to a magnitude Ids than the fourth, 
then it is pofllblc to take ccitain equimultiples of the 
full and third, and certain equimultiples of the fecond 
and fourth, fuch, that the multiple of the full fliall be 
gt eater than the multiple of the feCond, but the multipfi* 
ot the third not greater than the multiple of the fourth.” 

“ Prop. 6. If the firft of four magnitudes be to the fe- 
cond as the third is toa magnitude greater thanthe fourth, 
then certain ctjtiimuhiplcs can be taken of the firft and 
lhird,aud certain equimultiples of the fecond and fouith, 
fiicli, that the multiple of the full (hall belefs than the 
multiple of the fecond, but the multiple of the third not 
iefs than the multiple of the fourth.” 

“ Prop. 7. tf any equimultiples whatever be taken 
of the full and third of four magnitudes, and any equi- 
multiples whatever of the fecond and fourtli ; and if 
when the multiple of the firft is lefs than that of the 
fecond, the multiple of the thiid is alfo lefs than that of 
the fourth ; or if when the multiple of the firft is equal 
to that of the fecond, the multiple of the third H alfo 
equal to that of the fouilh ; or if when the multiple of 
the'firft is greater than that of the fecond, the multiple 
of the third is alfo greater than that of the fourth : then, 
the firft of the four magnitudes (hall be to the fecond as 
the tlilrd to the fourtli.’* 

And all thefe propofitions Mr. Robertfon demon- 
flratcs by iliiil mathematical reafoning. 

RATIONAL, ill Arithmetic &c, the quality of 
numbas, fractions, quantities, 5 tc, when they can be 
exprefl'ed by common numbers ; in contradiftindlion to 
irrational or furd ones, which cannot he expreffed in 
common numbers. Suppofe any quantity to be i ; 
thcic are infinite other quantities, (ome of which arc 
commenfunible to it, either fmiply, or in power: thefe 
Euclid calls Rational quantities. The reft, that are 
incommenfurable to 1, he irrational quantities^ or 
funis. 

Rational Horizon^ oxTrueHorizotiy isthatwhofe 
plane Is conceived lo pafs through the centre of the 
cartU ; and which therefoi| 

equal portions or hcmifphereir* It is called the Rational 
kocuoD, becauie only conceived by the undci (lauding; 
9 


inoppofition to the fcnfibleor apparent horizon, 01 that 
which is vifible to the eye. 

RAVELIN, in Fortification, was anciently a flat 
baftion, placed in the middle of a curtain. But 

Ravelin is now a detached w-ork, compofed only 
of tw'O faces, which form a falicnt angle ufually W'itli- 
out flanks. Being a triangular work refembling the 
point of a Baftion with the flanks cut oft’. It raiftd 
before the curtain, on the countevfcarf of the place ; 
and fervingto cover it and the adjacent flanks from the 
diredi fire of an enemy. \ It is alfo ufed to cover a bridge 
or a gate, and Is always placed w ithout the moat. 

Theie are alfo double Ravelins, which fen e to de- 
fend each other; being fo called when they arc joined 
by a curtain. 

What the engineers call a Ravelin, the men ufually 
call a demilune, or halfmoon. 

RAY, in (}cometiy, the fame as Radius. 

Rav, in Optics, a beam or line of light, pmpagated 
from a radiant point, tlirongh any medium. 

If the parts of a Ray of light lie all in a ftraight line 
between the radiant point and the eye, the Ray is fim] 
to he direS : the laws and properties of which make the 
fubje(fl of Optics. — If any of them he turned out of c 
dirt 6 lion, or bent in their pafiage, the Ray is find lo 
be refrntk(l>—^li it flrikc on the fnrfacc of any bod/, 
and be thrown off again, it is faid to be ri’/Ietlcd . — In 
each cafe, the Ray, as it falls either dire(?.tly on the eye, 
or on the point of refledlion, or of refradion, is faid to 
be incident. 

Again, if feveral Rays be propagated from the radi- 
ant objed cquidillantly from one another, they aio 
called parallel If they come inclining towonuri 

each other, they are called converging Rays. And if 
they go continually receding from each other, they are 
called diverging Rays. 

It is from the different circumftanccs of Rays, that 
the feveral kinds of bodies are diftinguiflied in Optics. 
A body, for example, that diffufes its own light, or 
entits Rays of its own, is called a radiating or lucid or 
luminous body. If it only refled Rays which it receives 
from another, it is called an illuminated body. If it only 
.tranfmlt Rays, it is called a tranfparent or tranjlucent 
body. If it intercept the Rays, or refufc them paffage, 
it is called an opaque body. 

It is by means of Ray 3 refleded from the feveral pointi- 
of illuminated oi)jcd? to the eye, that they become 
vifible, and that vifio^f is performed ; whence fuch Rays 
arc called vifual Rays. 

The Rays of light arc not homogeneous, or fimilar, 
but differ in all the properties we know of ; viz, refrangi- 
bility, reflexibility, and colour. It it probably from 
the different refrangibiUty that the other differences 
have their rife ; at lead it appears that thofc Rays 
which agree or differ in this, do fo in all the reft. It 
is not however to be undcrflood that the property or 
effed called colour, exifts in tho^Rays of light tliem- 
felvcs ; but from the different fenfatlons tire differently 
difpofed Rays excite in ns, we call them red Rayst yd^ 
low Raysy &c. Each beam of light howtvert as it comes 
from the fuU, feems to be compounded of all the forts 
of Rays mixed together j and it is only by fplitting oc 
feparaling the parts of it, that thefe different forts be- 
• come obfervable ; and this is done by tranfmitiing the 

bcaai 
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beam through a glafs prifm, which refrpfting It In the 
paflagc, and the parts that excite the different colours 
having different degrees of rcfrangiblllty, they are 
thus leparated from one another, and exhibited each 
apart, and appearing of the different colours* 

Bcfidc refrangibiiity, and the other propeitics of the 
Kays of light already afeertained by obfeivatlon and 
experiment, Sir I* Newton fufpefts they may have 
many mo»e ; particularly a power of being Inflccfcd or 
bent by the adion of diftant bodies ; and thofc Rays 
which differ in refrangibility, be conceives likewlle to 
differ in HexibUity. 

'I'hefc Rays he fufpeds may be very fmall bodies 
emitted from fhining fiiblhnces. Such bodies may have 
all the conditions of light : and there is that adion and 
readion between traniparent bodies and light, which 
very much refembles the attradive force between other 
bodies. Nothing more is required for the prodndion 
of all the various colours, and all the degrees of re- 
frangibllity, but that the Rays of light be bodies of 
diiftrent iizes j the leaff of which may make violet the 
wcakeft and darkeft of the colours, and be the moll 
tafily diveited by refrading furfaccs from its redilinear 
iouilej and the reff, as they aie larger and larger, 
may make the ffronger and more lucia colours, blue, 
gicen, yellow, and red. Sec Colour, Light, Re- 
fraction, Reflection, Inflection, Converging, 
Diverging, &c, &c. 

Refilled Rays, thofe Rays of light which arc re- 
fleded, or thrown back again, from the furfaces of 
bodies upon which they ftnke* It is found that, in all 
tiic Rays of light, the angle of reflediou is equal to the 
angle of Incidence. 

Refra&ed RayS, are thofe Ravs of light, which are 
bent or broken, in palling out of one medium into an- 
other, « 

Pttidl of Rays, a number of Rays ilTued from a 
point of an objtd, and diverging in the form of a cone. 

Principal Ray', in Perfpedlve, is the perpendicular 
dillance between the eye and the vertical plane or table, 
as fome call it* 

R A y ^ Curvature, S ce Radius Curvature. 

REAUMUR (Rene- Antoine- Fe RCH AULT, 
Sicur dc), a refpedable French philofopher, was born 
at Rochelle in 1683* After the ufual courfe of fchool 
education, he was fent to Poitiers to lludy philofophy, 
and, in 1699, Bourges to ffudy the law, the pro- 
feffion for which he was intended. But philofophy 
and mathematics having very early been his favourite 
purfuits, he quitted the law, and repaired to Paris in 
to purfue thofe fciences to the bell advantage j 
and hcrchischarader procured him a feat in the Academy 
in the year 17081 which he held till the time of lug 
death, which happened the iStb of November i757» 
at 74 years of age. 

Reaumur foon juffified the clioicc that was made 
of him by the Ac^emy. ^He made innumerable ob- 
fervations, and wrote a great multitude of pieces upon 
the various branches of natural philofophy. His Hiftory 
of Infects, in 6 vols. quarto, at Paris, is his principal 
vorE, Another edition was printed in Holland, in. 


la vols. i2mo. He made alfo great and iifeful d'T- 
covcrics concerning iron ; Hicwing how to change com" 
mon wrought iron into Heel, how to foften call iron, 
and to make works in call iron as line as in wrought iron. 
His labom‘3 and difeoveries concerning iron were re- 
warded by the duke of Orleans, regent of the kingdom, 
by a penlion of la ihonfaiid llvics, equal to about 500I. 
Sterling ; which however he would not accept but on 
condition of its being put under the name of the Aca- 
demy, who might enjoy it after his death. It wa^ owing 
to Reaimmr’s endeavours that there were ellablilhed in 
France manula^luics of tinqdatcfi, of porcelain in imi- 
tation of china-ware, die. They owe to him alfo a new 
thermometer, which bears his name, and is pretty 
gcncially ufed on the continent, w'hile that of Fahren- 
heit is iifcJ in England, and fome few other places. 
Rcaumur^s thermometer is a fpipt one, having the 
freezing point at O, aiul the boiling point at 80. 

Reaumur is clleemed as an exaa and clear writer ; 
and there is an elegance in his llylc and manner, which 
is not commonly found among thofe who have made 
only the fcicnccs their lludy. He is reprefented alfo 
as a man of a moll amiable difpofitioii, and with (jua- 
lities to mak*e him beloved as w'cll as admired. He left 
a great variety of papers and natural cnriofities, which 
he bequeathed to the Academy of Sciences. 

The works publilhed by him, arc the following. 

1. The Art of changing Forged Iron into Steel; of 
Softening Call Iron ; and of making works of Call Iron, 
as line as of Wrought Iron. Paris, 1722, i vol, in 
4to. 

2, Natural Hillory of Infcdls, 6 vols. in 4to. 

His memoirs printed in the volumes of the Academy 
of Sciences, are very numerous, amounting to upwards 
of a hundred, and on various fuhjc6ls, from the year 
1708 to 1763, fcvcral papers in almoll every volume. 

RECEIVER, of an Air Pumpy is part of its ap* 
paratus ; being a glafs vcffcl placed on the top of the 
plate, out of which the air is to be cxhaulled., 

RECEPTION, in Aftrology, is a dignity befalling 
two planets when they exchange lioufes ; for example, 
when the fun arrives in Cancer, the honfe of the moon } 
and the moon, in her turn, arrives in the fun's houfe. — 
The fame term is alfo ufed when two pianets exchange 
exaltation. 

RECESSION if the Equinoxes, See Precession 
of the Equinoxes. 

RECIPROCAL, in Arithmetic, &c, is the quo- 
tient arifing by dividing J by any number or quantity. 
So, the Reciprocal of 2 is J ; of 3 iS and of a is 

See, Hence, the Reciprocal of a vulgar fradlion 
a 

i's found, by barely making the numerator and the de- 

nominator mutually change places ; fo the Reciprocal 

of i is } or 2 ; of *, is | ; of is — , See. Hence 

alfo, any quantity being multiplied by its Reciprocal, 
the prouUCT is always equal to unity or i ; fo $ X =2 

1=1, and I X i = J = I, and J X i = ^ = 1. 
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326 

oo 3 o 6 y 5 


0370370 


^*7 

01 14943 


*47 

0068027 

207 

0048309 

267 

0057453 

327 

0030581 

28 

0357 H 3 


88' 

0113636 


148 

0067567 

208 

0048077 

268 

00373*3 

328 

0030488 

29 

0344828 


89 

0112360 


*49 

0067114 

209 

0047847 

269 

0037175 

329 

0030395 

30 

0333333 


90 

01 1 1 1 1 1 


150 

0066666 

210 

0047619 

270 

0037037 

330 

0030303 

3 ^ 

0'?22?8i 


91 

01C9890 


* 5 * 

0066225 

211 

0047393 

27* 

0036900 

33 * 

003021 1 

32 

03125 


92 

OIC8696 


152 

0065789 

212 

0047170 

272 

003676^ 

332 

0030120 

33 

0^0^030 


93 

0107527 


*53 

0065359 

2*3 

0^46948 

273 

0036630 

^33 

0030030 

34 

0294118 


94 

OI063S3 


*54 

0064935 

214 

0046729 

274 

0036496 

334 

0029940 

37 

028^714 


95 

0105263 


*55 

00645 * ^ 

2*5 

00465 1 2 

^75 

0036363 

335 

0029851 

36 

0277777 


96 

0104166 


156 

0064103 

216 

0046296 

276 

0036232 

33 ^ 

0029762 

37 

0270270 


97 

0103093 


*57 

0063694 

217 

0046083 


0036 idf 


0029674 

3^1 

0263158 


98 

OIC204I i 

158 

0063291 

218 

0045872 

278 

0035971 

338 

0029586 

39 

0256410 


99 

OIOIOIO 

*59 

0062893 

219 

0045662 

2-9 

0035842 

339 

0029499 

40 

025 


100 

01 1 

160 

00625 

220 

0045454 

200 

0035714 

340 

0029412 

4 ‘ 

0243902 


101 

OOQQOOQ 1 

161 

0062 1 1 2 

221 

0045249 

281 

0035587 

34 * 

0029326 

42 

0238095 


102 

0098039 


162 

0061728 

222 

0045045 

282 

0035461 

342 

0029240 

43 

0232558 


103 

0C97Cf87 


163 

0061350 

223 

0044843 

283 

: 0 ° 3 S 336 

343 

0029155 

44 

0227272 


104 

OC96I54 


164 

0060975 

224 

0044643 

284 

003521 1 

344 

0029070 

45 

0222222 


105: 

00952^8 


165 

C060606 

225 

0044444 

285 

0035088 

345 

0028986 

4 ^ 

0217391 


106 10094340 


166 

0060241 

226 

0044248 

286 

0034965 

346 

0028902 

47 

0212766 


107 

0093458 


167 

0059880 

227 

0044053 


0034843 


0028818 

48 

0208333 1 


ic8 

0092592 


168 

0059524 

228 

0043860 

288 

0034722 

348 

0028736 

49 

0204082 

i 

109 

0091743 


169 

0059172 

229 

0043668 

289 

003460 2 

349 

0028653 

SO 

02 


1 10 

00909c 9 


170 

0058824 

230 

0043478 

290 

0034483 

350 

002H571 

5 * 

0196078 


1 1 1 

0090090 


171 

0058480 

23* 

0043290 

291 

0034364 

35 * 

0028490 

52 

0192308 


1 12 

0089286 


172 

005H141 

232 

0043103 

292 

0034246 

352 

0028409 

53' 

0188679 


1*3 

0088496 


*73 

0057803 

233 

0042918 

293 

0034130 

353 

0028329 

54 

1 01 85 1 85 


U 4 

0087719 


*74 

0057471 

234 

0042735 

*94 

0034014 

35 f 

0028248 

55 

|oi8i8i8 


1*5 

0086957 


* 75 i 

0057143 

235 

0042553 

295! 

0033898 


0028169 

S^ 

0178571 


116 

0086207 


176 

0056818 

236 

^42373 

296 

0033783 

35 ^ 

C02807C 

57 

0175439 


117 

0085470 


*77 

0056497 

237 

0042194 

297! 

0033670 

357 

0028011 

5 ^^ 

0172414 


118 

00x4745 


178 

0056 1 80 

238 

0O420I7 

298 

0033557 

358 

002793: 

59 

01694901 


119 

.P9I4034 


*79 

0055866 

239 

0041841 

199 

0033445 

359 

0027855 

60 

01666661 

120I 



180, 

^55555 

240! 

00416661 

3 ^i 

0033333 

360 

10027777 



R E C 
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361 0027701 ^ 0023753 

362 0027624 422 0023697 

363 0027548 423 0623641 

364 0027473 424 0023585 

365 0027397 425 0023529 

366 0027322 426 0023474 

367 O02724R 427 0023419 

368 0027174^ 428 0023364 

369 0027100 429 00.^3310 

370 0027027 430 0023256 

371 0026954 4^1 0023202 

372 0026882 432 00:3148 

373 0026810 433 0023095 

374 0026738 434 0023042 

375 0026666 435 0022989 

376 0026596 436 0022936 

377 0026525 437 0022883 

378 0026455 438 0022831 

379 0026385 439 0022779 

380 0026316 440 0022727 

381 0026247 441 0022676 

382 0026178 442 0022624 

383 00261 10 443 0022573 

384 0026042 444 0022522 

385 0025974 445 0022472 

306 0025907 446 0022422 

387 0025840 447 002 j 371 
368 0023773 448 0022321 

389 0025707 449 0022272 i 

390 0025641 450 0022222 

391 ^025575 451 0022173 I 

392 C025510 452 0022124 ( 

393; 0025445 45|j 0022075 I 

394 0025381 454 0022026 5 

395 0025316 455 0021978 5 

396 0025252 45^^9021930 5 

397 0025189 45f 002 1882 5 

398 0025126 458 0021834 5 


Table of Rfciprocals. 

I I I I j Rgcip I |N(). I Recip. 

481 (0020790 1541100184841 6o7jCoT6639 

482 0020747 542 0018450 602 bo i66n 

483 0020704 543 1603 0016584 

484 0020661 544(0018382 I (604 00/6556 

4**^5 0020619 545 0018349 1 |6o5 00165:9 

486 C020576 546 0018325 ! 1606 ; 00165O1 

487 0020534 547 0018282! 60710016474 


- ■ , o ■ 'I f I ^ / (661 0015129 

542 0018450 602 boi66n 662 0015106 

543 0018416 603 0016584 1663 0015083 

544 00183821 (604 0016556 (664 0015060 

545 0018349 1 605 00165:9 '665 0015038 
5460018325! 6o6!ooi650i 1666 0015015 
5470018282I 60710016474 [6670014993 
548 0018248“ 608 0016447 (668 0014970 

134910018215 6:9 1 00 16420 ,'669 0014948 

S^Oi'ooiSiSi 610 0016393 '670 0014925 

55110018149 611 0016367 1671 0014905 

552100181 16 612 0016340 ;672 0014881 

553 0018083 613 C016313 '673 0014859 

554 0018051 614 0016287 ^674 0014837 


4^9 0020450! 

490 002 04 08 j 

491 00:0367 
49: C02O325I 

493 0020284 

494 0020243 

495 0020202 


jjj J 

554 001805 1 

555 0018018 


673 0014859 

674 0014837 


'C> 74 [ooi 4»37 

61510016260 675I0014814 


490 0020162 556 0017986 616 0016234 676 0014793 
4970020121 557 0017955 617 0016207 1677 0014771 


498 0020080 558 00 I 792 Ij 

499 0020040 559 00/7889 
1 500 002 560 0017857 
501 0019960 561 0017825 


558 0017921 618 0016181 '678 0014749 

559 00/7889 619 0016155 679 0014728 

560 0017857 620 0016129 680 0014706 

561 0017825 621 0016103 681 0014684 


399 0025063 459 0021786 


400 0025 


460 0021739 


^ J-- UU * UUI4U04 

J02 0019920 562 0017794 622 0016077 682 0014663 

503 COI988I 563 001776^2 623 0016051 683 00/4641 

504 0019841 564 0017730 6:4 0016026 684 0014620 

505 0019801 565 001,699 623 0016 685 0014599 

506 0019763 I 566 0017668 626 G015974 686 0014577 

507 0019724 567 001:637 627 0015949 687 00i4cr6 

508 0019685 568 0017606 628 0015924 688 (.014535 

509 0019646 569 0017575 629 0015898 689 0014514 

510 0019608 570 0017544 630 0015873 690 0014493 

511 0019569 571 0017513 631 0015848 691 0014472 

5^^ 00J9531 572 0017483 632 0015825 692 0014451 

5/3 0019493 573 0017452 633 oo' 5;98 ,693 col'4430 

5140019455 574 0017422 634 0015773 6940014409 

515 0019417 575 0017391 635 0015748 695 0014388 

1 5 10 0019380 5760017361 656 0015723 6960014368 

17 0019342 577 OOI 733 J 637 0015699 697 0014347 

18 0019305 578 0017301 638 0015674 698 0014327 

19 0019268 5790017271 ^^39 ^‘5649 699 0014306 


ki7 0019342 
518 0019305 


401 0024938 461 00216921 

402 0024876 462 C021645 


519 0019268 57910017271 ^^39 6990014306 

5200019231 580 0017241 64000156^5 7000014:86 

521 0019194 581 0017212 641 0015601 701 00/4265 

522 0019157 582 0017182 642 001^576 702 0014:45 

5:3 0019/20 583 0017/53 643 0015552 703 0014225 

524 0019084 584 0017123 j()44 0015528 704 0014205 

525 00190481 585 0017094 1645 0015504 705 0014/81 

3:6 0019011 586 0017065 646 0015480 706 0014164 

527 0018975 587 0017036 '647 0015456 707 0014144 

528 0018939 588 0017007 P48 0015432 708 0014124 

529 ooiS()04 589 0016978 1649 0015408 yo) 0014104 

530 0018868 590 0016949 650 0015385 710 0014085 


403 0024814 463 0021598 

404 0024752 464 t)02J55 2 

405 0024691 465 0021505 

406 0024631 466 0021459 

407 0024570 467 0021413 

408 0024510 468 0021368 

409 0OJ4450 469 0021322 

410 0024390 470 0021^77 

411 0024331 471 002 1 231 

412 0024272 472 0021187 

413 002^213 ^ 473 0021142 

414 0024153 474 0021097 

4*5 0024096 475 0021053 

4*6 0024038 476 C021008 

4*7 0023981 477 00Z0964 

418 0023923 478 0020921 

4*9 0023866 479 0020877 

4^0 Q023S10I 480 0020833' 


521 0019194 

522 0019157 
5:3 0019/20 


580 0017241 640 ooi56i5 

581 0017212 641 0045601 


527 0018975 587 0017036 1647 001545 

528 0018939 588 0017007 648 001543 

529 ooiS()04 589 0016978 1649^01540., 

530 0018868 590 0016949 1650 0015385! 

531 0018832 591 0016030 651^0015361 

532 0018797 592 0016091 652 001533 


553 0018762 1 595 0016865 653'ooi55ii4 

534 ^0*8727 594 0016835 654 0015291 714 0014006 

535 0018692 595 0016807 653 0015267 715 0013986 

536 ooi86)7 596 0016779 656 C015244 716 0013966 

537 0018622 597 00167^0 657 00T5221 717 0013947 

538 00(18587 598 0016722 658 0015198 718 0013928 

539 00/8553 599 0016694 659 0015475 7/9 0013908 

00185/8 (600 00166661 j 660 0015 151 720 0013888 


17/0 0014085 
17* * 0014065 
712 0014045 
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TaSJf of Reciprocals. 





No. 

■Recip. 1 

No. 

Rccip. 

No. 

Recip. 

No. 

Recip. 

No. 

Recip. 

Nor. 

Recip, 

721 

OO13B7O 1 

768 

3013021 j 

8.5 

0012270 

862 

ooiiboi 

909 

OOI.IOOI 

956 

0010460 

'’22 

;)oi385o 1 

769 

:>Qi3004 

816 

00U255 

863 

□OU587 

910 

0010989 

95 ' 

958 

0010449 

7^3 

724 

0013841 1 

770 

=012987 

817 

0012240 

864 

001 1574 

9TI 

001^77 

0010438 

00138/2 1 

i 7 ' 

0012970 

818 

0012225 

865 

0011561 

912 

0010965 1 

959 

0010428 

72; 

0013793 1 
C013774: 1 

77 ^ 

00129C3 

819 

0012210 

866 

0011547 

9 M 

0010953 

960 

0010416 

726 

773 

GOi 39 t 7 

820 

001 2 1 95 
0012180 

.867 

0011534 

914 

ooi 094 j 

961 

0010406 

727 

oo‘ 37 S 5 i 

274 

0012920 

H21 

|868 

0011521 

9 M 

0010929 

962 

0010395 

728 

OOI 3736 -! 

775 

0012903 

822 

0012165 

1869 

001 1 507 

916! 

00 109 1 7 

963 

0010384 

729 

0013717! 

/ 7 ^> 

0012887 

8 j 3 

00 1 2 1 5 1 

> 870 

001 1494 

,917 

00 1 090 5 

964 

0010373 

^ 1 

730 

001 4 ^ 00 i 

777 

0012870 

8>4 

001 2 1 36 

\ l ^' 

001 1 48 1 

1918 

0010893 

965 

0010363 

73 ' 

0013680 

?',« 

0012H54 

825 

OOI2121 

; 872 

0011468 

919 

0010881 1 

966 

0010352 

732 

0013661 i 

779 

0012837 1 

8:6! 

0012106 

■873 

001 1455 

9:01 

0010870 
0010858 j 

967 

0010341 

733 ; 

0013643' 

780 

001282 1 1 

1827 1 

0012092 

' 8/4 

001 1442 

921 

968 

001033 I 

734 i 

0013624 

781 

00128041 

|828 

0012077 

I875 

001 1429 

922 

0010846 

969 

0010320 

735 1 

0014601; 

782 

0012788 

I829 

0012063 

1 876 

0011416 

923 

0010834! 

970 

0010309 


0013587 

783 

001277 1 

I83O 

0012048 

io” 

0011403 

924 

0910S23 j 

971 

0010299 

737! 

001 u6o 

784 

0012^55 

;s3i 

0012034 

878 

001 1390 

|925 

00 1 08 1 0 1 

972 

0010:88 

7381 

00 I 4 ? 5 : 0 ' 

71^5 

ooi 27 j 9 i 

|852 

0012019I 

'879 

C011377 

926! 

0010799 ' 

973 

0010277 

739 

0013531 

786 

0012723; 

833 

0012005I 

1880 

0011363 

■927 

00107H7 ! 

974 

00x0267 

740 

0015513 

7«7 

00 1 2 706 j 

834 '001 1990 

!88i 

001 135 1 

'928 

00107761 

975 

OO 10256 

74 > 

ooi 349 <; 

78H 

00126901 

1835 

0011976 

1882 

0011338 

929 

0010764 

976 

0010246 

742 

0013477 

789 

0012674 

836 

001 1962 

1883 

0011325 

: 930 iooio 7 ,- 3 , 

977 

0010235 

743 

0013459 

790 

00126581 

837 

001 19^7 

1884 

001 1312 

‘ 93 * 

0010741 1 

978 

0010225 

74 4 

0013441 

791 

0012642 

183 « 

0011933 

885 

00 1 1 299 

1932 

0010730I 

979 

0010215 

74 S 

0013423 

792 

0012626! 

839 

00U919 

886 

0011287 

i 933 

0010718 j 

980 

0010204 

746 

001440c 

00133S7 

793 

CX>l26lO 

840 

00! 1905 
OOI1S9I 

887 

0011274 

93^ 

0010707 1 

981 

0010194 

747 

794 

0012594 

841 

888 

0011261 

935 

0010695 1 

982 

0010183 

748 

0013369 

795 

00 2579 

841 

001 1876 

889 

0011249 

‘936 

001 0/384' 

983 

OOIOI73 

749 

0013351 

796 

0012563 

843 

001 1S62 

890 

0011236 

& 

0010672 

984 

0010163 

7^0 

0013333 

797 

00(2547 

844 

001 1848 

891 

001 1223 

0010661 

985 

0010152 

75 ^ 

00133161 

798 

0012531 

845 

001 1834 

892 

0011211 

939 

0010650 

986 

0010142 


0013298 

799 

0012516 

846 

0011820 

893 

001 i 198 

940 

0010638 

9«7 

OOIOI32 

753 

0013280 

800 

00125 

847 

001 1806 

8S*^ 

0011186 

94 * 

0010627 

988 

0010121 

7 n 

0013263 

801 

0012484 

84S 

001 1792 

895 

001 1173 

94^ 

0010616 

989 

OOIOI 1 1 

755 

0013245 

802 

0012469 

849 

001 1779 

896 

001 I 161 

943 

0010604 

99 ° 

OOIOlOl 

75 ^^ 

0013228 1 

803 

0012453 

850 

001 1765 

897 

001 1148 

1944 


99 * 

0010091 

7 S 7 

0013 2 10 1 

804 

0012438 

851 

0011751 

898 

0011136 

945 

00105K 

992 

0010281 

758 

1 

i 805 

0012422 ' 

,852 

0011737 

899 

0011123 

946 

0010571 

993 

0010070 

75 ^; 

,10013173 

I 1 806 

CO I 2407 

1853 

0011723 

9ca 

> OOIlIll 

947 

0010560 

1 994 

0010060 

760 

ij C013158 

I 1 807 

0012392 

854 

0011710 

|90i 

001 1099 

948 

0010549 

995 

0010050 

76J 

oo[3i4i j 

i 1 808 

0012376 

85 5 

001 1696 

i902 

001 1086 

949 

0010537 

996 

0010040 

762 

0013 i 23 1 

809 

COI2361 

856 

001 1682 

1903 

001 1074 

950 

0010526 

997 

0010030 

763 

0013106 

810 

0012346 

857 

001 1669 

904 

001 1062 

9 S 1 

0010515 

998 

0010620 

764 

0013089 

81 1 

0012330 

858 

0011655 

905 

; 0011050 

952 

00105^4 

999 

OOlOOlO 

76; 

766 

00 1 307 2 
' 0013055 

812 
i 81? 

0012315 
; 0012300 

859 

860 

0011641 
001 1628 

90^ 

907 

I 0011038 
t 0011025 

953 

954 

0010493 

0010482 

tooo 

001 


0013038 

814 

. 0012285 

1 S61 

001 1614 

90^ 

i 001 1013 

955 

OQ 10471 


. 


Of the preceding 'fable, the nfe is evidently to ftiorten 
arithmetical calculations, and will appear eminently great 
to thofe mathematicians and others vvho arc frequcntlf 
concerned in fucli kinds of computations. The ftrutflurc 
of the Table is evident ; the hrft column contains the 
natural ferves of numbers horn 1 to 1 000, the id tlie Re- 
ciprocals. 'I'Uefe Reciprocals (which are no other than 
the decimal values of the quotients rcfuliing from the 
divifion of unity or I by each of the fcvcral numbers from 
I to 1000) arc not only ufeful in fhewing by infpcClion 
the quotient when the dividend is unity, but are ajfo 
apphed with much advantage iu turning many divi- 


fions Into multiplications, which arc much eafier per- 
formed^ and art done by multiplying the Reciprocal of 
thedivifor (as found m the Table) by the dividend, for 
the quotient ; they will alfo apply to ^ood piirpofe in 
fumming the terms of many convergif^ ferics. 

The Reciprocals are carried on to 7 places of deci- 
nnals (for the column of Reciprocals rauft be accounted 
all decimal figures, although they have, not the dcciir.al 
point placed before them, which is omitted to f^i^^ 
room), each being fet down to the nearett figure in the 
laft place, that ii, when the next figure beyond the lad 
fet down in the Tabic came out a e or more, tht lad 

figure 
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figrire was increafed by l| otherwiTe not j excepting in 
the repeteHds'wliich occurred among the Reciprocals, 
where the real laft figure is always fet down ; the Reci- 
procals, which in the Table confill of lei’s than feven 
figures, are thofe which terminate, and are complete 
within that number; fuch as *5 the Reciprocal of 2, 
•2 5 the Reciprocal of 4, &c. 

Reciprocal Fl^urfs, in Geometry, ate fiich as 
Iiave the antecedents and confe- 
quents of the fame ratio in both 
lignres. So, in tlie two red- 
angles BE and BD, if AB : 

DC : : BC : AE, then thofe 
icdanglcs are iceiprocal figures; 
and are alfo equal. 

Rlciprocal Propnrttotiy is 
\\licn, in four quantities, the 
two latter terms have the Reci- 
piocal ratio of the two former, or 
are proportional to the Reciprocals of them. Thus, 
2^, I5, 8 f'oim a Reciprocal piopoition, bLcaufc 



I I _ 

— : — : : c : 8 , or I c : 24 : : e : 8 . 

Rfciprocal Rftt'iOy of any quantity, is the ratioof 
the Reciprocal of the quantky. 

RECIPROCALLY. One quantity is Reciprocally 
rr. another, when the one is greater in proportion as the 
other is lefs ; or when the one Is proportional to the 
Kecipiocal of the other. So a is Reciprocally as b, 

when a is always proportional to -y. Like as in the 


merhanic powers, to perform any effed, the lefs the 
power is, the greater mull be the time of performing it ; 
(?r, as it is faid, what is gained in power, is loft in 
time. So that, if p denote any power or agent, andy 
the time of its performing any given fcrvice ; then p 

is ai i, and t is as ^ ; that is, p and t are Reciprocal- 
ly proportionals to each ot&l^r. 

RECKONING, in Navigation, is the eftimating 
the quantity of a ftiip’s way ; or of the courfe and dii- 
tmcc run. Or, more generally, a Ihip^s Reckoning is 
that account, by which it may at any time be known 
where the fln'p is, and confcquently on what courfe or 
courfes fhe mull (leer to gain her intended port. The 
Reckoning is ufually performed by keeping an account 
of the courfes fteered, and the dillance run, with any ac- 
cidental circumflances that occur. The courfes fteered 
are obferved by the compafs; and the diftances run are 
eftimated from the rate of running, and the time run 
wpon each courfe. The rate of running is mcafured 
by tlie log, from time to time ; which however is liable 
to great irregularities. Anciently Vitruvius, for mea- 
fi'rmg thcrateof failing, advifed an axis to be pafled 
through the fidcs of tnc fhip, with two large heads 
protending out^of the fhip, including wheels touching 
the vvatcr, by the revolution of which the fpace palled 
o^cr In a giacn time is mcafured. And the fame has 
been fincc rcccromcndedby Snellius. 

RtCKONiWG, Dead, 'Sec Dead Rechnhg. 
RECLJNATION^tf Plane, in Dialfing, is the an- 
gular quantity which a dial-plane leans backwards, from 

exa^ly upright or vertical or from the zc- 
■tiJlh, 


VoL. It' 


RECLINE ft, or Reclining D'laly is a dial whofc 
plane reclines from the perpendicular, that is, leans 
backwards, or from you, when you (land before iU 

RhCLiNER, Declinin^y ot Dec Un in g RecuNing Dial, 
is one which neither ftands peipcndiculaily, nor oppo- 
file 10, one of the cardinal points. 

RECOIL, or Rebound, the refilitlon, or flying 
back waul, of a body, efpcclally a lire-arm. This is 
the motion by which, upon explofion, it ftarts or flics 
backwards j and the caufc of it is the refinance of the 
ball and the impelling force of the powder, which a^s 
equally on the gun and on the ball. It has been 
commonly faid by authors, that the momentum of the 
ball is equal to that of the gun with its carriage toge- 
ther ; but this is a miftakc ; for the latter momentum is 
nearly equal to that of the ball and half the weight of the 
powder together, moving with the velocity of the ball. 
80 that, if the gun, and the liall with lialf the powder, 
were of equal weight, the piece would recoil with tlie 
Line velocity as the ball is difcliargcd. But the heavier 
any body is, the lefs will :tH velocity be, to have the 
lame momentum, or force ; and therefore fo many 
limes as the cannon and carriage is heavier than the 
ball and half the pouder, juft as many times will the ve- 
locity of the.ball be greater than that of the gun ; and 
in the fame ratio nearly is the length of the barrel be- 
fore the charge, to the quantity the gun Recoils in the 
time the ball is pafiing along the bore of the gun. So, 
if a 24 pounder of 10 feet.long be 64001b weight, and 
cliaiged with 61 b of powder ; then, when the ball quits 

the piece, the gun will have Recoiled X lo = 

of a foot, or nearly half an inch. 

RECORDE (Robirt), a learned phyfician and 
mathema'tician, was born of a good family In Wales, 
andflourilhed in the reigns of Henry the 8th, Edward 
the 6th, and Mary. I’here is no account (d‘ the exad 
time of his birth, though it muft have been early in the 
16th century, as he was entricd of the univerfity of Ox- 
ford about the year 1525, where he wastleftcd fellow 
of Allfouls college In 1531. Making phyfic his profef- 
fion, he went to Cambiidgc, where he was honoured 
with the degree of doftor in that faculty, in 1545, 
highly eftcemed by all that knew him for his great 
knowledge in fcvcralarts and fciences. He aftei wards 
returned to Oxford, where, as he had done before he 
went to Cambiidgc, he publicly taught arithmetic, and 
other branches of the mathematics, with great ap- 
plaufe. It feems he afterwards repaired to London, and 
it has been faid he was phyfician to Edward the 6th and 
Mary, to which princes he didlcates fome of his books ; 
and yet he ended his days in the King’s bench pilfon, 
Southwark, where he was Cf)n fined for debt, in the 
year 1558, at a very immature age. 

Recorde pnblilhed fcveral mathematical books, 
which are m^ly in dialogue, between the mailer and 
fcholar. They arc as follow : 

1. 7 he Paihivay to Knowledge, containing the firft 
Principles of Geometrie, as they may mofte aptly be 
applied unto pradlife, bothe for ufc of inftnimenteg 
Geomctricall and AftronomicaJl, and alfb for Pro- 
jciftion of Plattcs much ncc^fTary for all fortes of men. 
Lond. 4to, 1551. 

2. The Ground of Arts, teaching the perfeft worke 
and prailicc of Arithmcticke, both in whole numbers 

X X and 
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trKt fVaftionf, after a more eafic and cra*^ forme tl)cn 
in former time hath bcene fet forth, 8vo, 1552.— This 
work Went ihioii^h many editions, and was corrected 
and augmented by feveral other porfons ; as firil by 
the famous Dr. John Dee ; then by John McHis, a 
fchooltnaftcT, l J90 ; next by Robert Norton ; then by 
Robert Hartwell, pra<fiitioner in mathematics, in Lon- 
don ; and laltly by C. and priiUed in Svo, 162^ 

3. Caflle (if Km^^kflgc^ containing the Explica- 
tion of the Sphere bothc Cclcdiall and Nlatcriall, and 
d»vei8 other tilings incident tfiereto. With fumlry 
plsafaunt proofes r.nd ceitainc neue demondiatloiis not 
written Ijeioie in any vi.lgarewoorkcp. Lon J. folio, 15^6. 

4.. 7 /jf Whilfione of \y lit wliieh Is thefeconde part 
of Arllhmctikt : containing ll'.e Extrai'-lion ot Routes: 
the Colllke Prac^.ilc, vithtl.e rules of Ktjeation : and 
the wool kes of Surde ISlombeis. J.()iid.4to, t^^T* — 
f or an analylis of thl? woik on Algebra, wiili an ac- 
eouot of what is new in It, lee pa. 79 of vol. I, wilder 
the article Algkbra. 

Wood fays he wrote alfo feveral pieces on phylic, 
aa.itomy, polities, and divinity ; but I know not whe- 
ther they were ever publilhed. And Sherburne fays that 
bepiiblillud C'>fnio‘rrnJ,i>i<t Ifap^en; alio that he wrote 
• book, l)e j 1 ) t- Jaih'ndi Horobpum ; and another, De 
Uju Glohorum^ tie S/jiu 'Tcmporuvi ; which I liave 
never feen. 

REC'rANGLE, in Geometry, Is a right-angled 
parallelogram, or a riglit-anglcd cpiadiilateral fippue. 

If from any point 0 , lines be drawn to all the four 
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angles of a Re£f angle ; then the fum of tlic fquarcs of 
the lines drawn to the oppoiitc corneis will be equal, 
in whatever part of the plane the point O is iUudled ; 
vi2, OA^ -f OD* = OB* + OC*. For other pro- 
perties of the Rcdangle, fee Parallelogram ; for the 
Redangle being a fpccies of the parallelogram, what, 
ever properties belong to the latter, mull equally hold in 
the former. 

For the Area of a lUcT angle. Multiply the 
length by the bicadth or 
height.— Oz/vr-Tcf/e ; Multiply 
the produd of the two diagonals 
by half tlie fine of their angle at 
the interfedlon. 

That is, AB x AC, i»r 
AD X BC X i lin. Z.P -- 
area. A Redanglc, as of two 
I nes AB and AC, is thus de- 
noted, AB X AC, or AB.AC; or elfe thus ex- 
prefftd, the Redangle of, or under, AB and AC. 

Rectangle, in Anthmctic, is the fame with pro* 
dud or fadum. So the Rcdangls of 3 and 4, is 3 x 4 
or 1 a ; and of a and hitn X i or uL 

RECTANGLED, Right-angled, or Rectan- 
gular, is applied to figures and follds that have at lead 
one right angle, if not more. So a Right-angled trian- 
gle, hai one right angle ; a Right-angled parallclugiam 


is a rtdangle, and btta four right angle®, Such ltf<^ 
are fquarcs, cubes, parallclopipcdons. 

Solids aie'alfu faid to be Redangular with refped.' 
to their fituation, viz, when their axis is perpendicular 
to their hale ; as right cones, pyramids, cylinders, kc, 

I'lie Ancients iifed the phrafe Uetlan^ukr ftdion of (fr 
cotKy to denote a parabola ; that conic fedion, betore 
Apollonius, being only confidercd in a cone having its 
\ertex a right angle. And hence it was, that Archi- 
medes entitled his book of the quadrature of the paia- 
bola, by the name of R.dfan^u/i Coni Sfi%o. 

RECTIITCATION, in Geometry, is the find- 
Ing of a right line equal to a ciuvc. The RedilicLitiou 
of curves is a branch of the higher geomerry, a b.unch 
in which the ufe of the invcrlc metliod of Flnxiops 
efpecially ufcful. I’his is a pioblem to wdiich all mi- 
thernatlclans, both ancient and modern, have paid the 
grcatdl atlcntion, and puticularly as to the Rcdiih\i- 
tion of die circle, 01 finding the length of theclicum- 
fcrciice, or a right line equal to it ; but b it hei to with- 
out the perfed effed : upon this ailo depend? the 
diaturc of the circle, lince it is demonltiaicd that tit? 
area of a circle is cijual to a right-angled tiianglc, i.f 
which one of the fidcs about the right angle is the 1.1- 
clius, and the other equal to the circurnfcruicc : bat it 
is much to be feaied that neither tlie one nor tlieotlur 
will ever be accomplifhed. . Innuiiieiable approxima- 
tions liowcvcr have been rnude, from Archimedes, do\\H 
to the matliematiciana of the preiVnt day. bee Chu lu 
and Circumference. 

The full perfon who gave the Redification of any 
curve, was Mr. Neal, fon of Sir Paul Neal, as we find at 
the end of Dr, Wallis’s tieaiife on the Cifi'oicl ; wliue 
he fays, that Mr. NcaPs Rcdlification of the ctu\c of 
the I'emiciibical parabola, w'as publilhcd in July m Au- 
gull, 16^7. Ihvo years after, VIZ in 1679, Van I lai:- 
rcat, in Holland, alfo gave the Redification of die fame 
curve; as may be Len in SchooteiPs Commeutaiy on 
Dcs Caitcs’s Geometry. 

The moll comprehenfive method of Redification of 
curves, is by the inveife method of 'fluxions, which is 
thus L Let ACc be any curve line, AB an abfeifs, and 



BC a perpendicular ordinate ; alfo h another ordi- 
nate indefinitely neftr to BC ; and Cd drawn paralUl 
to the abfcifs AB. Putthe abfeifs AB = .v, the ordi- 
nate BC = y, and the curve AC = a : then is Cd ~ 
= jc the fluxion of the abfeifs AB, atid cd ^ j the 
fluxion of the ordinate BC, alfo Cc = » the 
fluxion of the curve AB. Hence becaufc Ced may be 
conlidcrcd as a plane right-angled triangle, Cc* — 
Cd* -b cd^y or -f- ; and therefore 

» = v/i* + ; which is the fluxion of the length of 

any curve ; and confequently, out of this equation ex- 
pelling cither x or j?, by means of the particular equa- 
tion exprcfling the nature of the curve in quettion, the 
fluents of the refultin^ equation, being then taken, w III 
give the length of the curve, in finite term® when it is 
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'Tcftifiablc, othcmlfc m an infinite fcries, or in a loga- 
rithmic or exponential &c expreflion, or by means of 
fomc other curve, &c. 

Kx. i. fo rrBify the common parabola , — In this cafe, 
the equation of the curve is lav =r where a is half- 
‘the parameter, Tire fluxion of this equation is 
rS* 

iax lyy, and hence at* = — — j this being fubfli- 
tuted in the general equation « = V'a* q- y*-. It be- 


y*/ (I 




j-t he corred fl uent cof whicli give 
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vv , , , , r +.0' 

rs = ^ H- ia X hyp. log, of , 

which is the length of tlif curve AC, when it is a pa- 
ra i)ola. 

And the fame might be expreiTcd by an infinite fe- 
rics, by expanding tlic quantity aa -f- yy. See my 
iMcnfiiratitui, pa. 3<')t, 2d edit. 

Ex. 2. To reHify ihe Cinh . — The equation of the 
ciule may be exprefied either in terms of the fine, or 
veiAdfine, or tangent, or fecant, &c, and tlicradius. 
Eft there fore the radius of tlic circle be I>A or DC = r, 
tlic virfed fine AB v, the right fine BC = the 
tangent CE = t, and the fecaiit I)E r= s; (hen, by 
the nature of the circle, we have thefc equations, 


2rv — A* = ^ = ; — ; and by 

means cjf the fluxions of thefe equations, with the ge- 
neral equation =: -f arc obtained tbe follow- 

ing fluxional foims for tbe fluxion of the cuiAe, the 
fluent of any one of which will be tlie curve itfelf, viz, 


* « • • • 

^ ^ __ 

\/ lix-’xx rr — yy 

Hence the value of the curve, from the fluent of each 
of ihefe, gives tbe lour following forms, In fen’es, viz, 
the curve, puUiug d :r: ir the diameter, is % 


= (t + 
= (I T 


2 id 


= (1 - 



4. — ^ 1 U 

2.4.5r/» 2 . 4 . 0 . 7 f/J 

2.4.0. 7/- 

(4 ,6 /I 

^r* 'ir‘ gr* 

2.3J* 2.4. 5^* 


5 tc) chf 

See) fj 
See) r. 


See my Menfur. 2d edit. pa. 118 Sec, alfo mod trea- 
tifes on Fluxion#, 

it is evident that the fimplcft of thefc fen'ea is the 
third, or that which is ex prefled in terms of the tan- 
gent. It will therefore he the propereft form to calcu- 
late an example by in numbers. And for this purpofe 
It will be convenient to aflumc feme arc whofc tangent, 
<uat lead itxfquare, is known to be fome fmall finite num- 
N(fw the arc of 4^® it is knowi*! has its tangent 
<^qual to the radius ; and therefore, takirtg the radius 
'* = I, and confcqoently the tatrgenl of 45®or/ = i 
«fo, in thia cafe the arc of 45® to the ladais 1, 


or the quadrant to the diameter r, will ht — 

fen’es con- 

3 5 7 9 

vcigcs very flowly, fome fmaller arch moft be taken, 
th.it the ferics Tnay converge farter; fuch aS the arc 


of 30% whofc tangent is y'-!- = •5773^02, or it# 

fquare r — ; and lienee, after the firft term, the 

.1 

fuccetding terms will he found hy dividing always by 
3, and thefe quotients divided by the abhilute niirn- 
hcis 3, 5, 7, 9, See ; and lallly adding evtry otlur 
tirm together into two fiiins, the one the fiiiii of the 
pofilive ttrr.is, and the other the luin of the negative 
ones, then laflly the one fiim taken fioni the other 
leaves the length of the arc of 3c®, which is the I2tli 
part of the whole eircnndcrencc when the radius is i, or 
the 6tli part when the diameter is l, and confcqiieiuly 
6 times lliat arc will be the length of the whole cjicuin- 
ference to the diameter I ; ihercfotc multiply the til 

I . . 36 

term a / — by 6, andthe produA is — or -\/i2 ci 
3 . . 3 

3*4641016 ; hence the operation will be conveiiicutly 
made as follows : 




+ 

Terms. 

- Terms. 

t) 

3*4641016 

(y 

4641016 


3 ) 

1*1547005 

( 


0*3849002 

s) 

3849002 

{ 

769800 

183286 

7 ) 

1283001 

( 


9 ) 

427667 

( 

475'9 


>0 

142556 

( 

1 2960 

1 . 3 ) 

47?'9 

( 

3^55 


» 5 ) 

I 5840 

( 


1056 

17) 

5280 

( 



* 9 ) 

1760 
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9 ^ 

21) 

587 

< 

28 


23) 

196 
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8 

2 S) 


( 

3 


27) 

22 

( 


i 


'h 3^4^2332-0*4046406 
— o* 4046 .;o 6 


3*1415926 the circumference^ 

Various other fnics for the Rc^lificatlon of the circle 
may be feen in different parts of my Menfuration, as at 
pa. 121, 122, 137, 138, 422, See, Sec alfo my pa- 
per on this fubjec^ in the Fhilof. Tuof, vol, 66, 
pa. 476. 

RECTIFIER, in Navigation, is an inflrument 
uf^ for determining tire variation of tliecornpafs, nn 
order to rc^fify the flwp^s courfc. It confift# of two 
circles, either laid upon, or let into one another, and fo 
faflened together in their centres that they reprefent 
two com-palfcs, the one fixed, and the other moveabje. 
Eachi# divided into 32 points of the compafa* and 360^, 
and aorabered both ways, from the »orUi and the fotfiili, 
ending at the cart and weft in go'A ITic fixed cr)inptif8 
repmfonla the horizon, in which the norths and all the 
other pointS) are Iktbk to varifttioi}. In the centre of 

X X 2 ' the 
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tbf moveable compafs is fadened a fiik thread, long 
enough to reach the outfide of the fixed compafs : but 
when the infirument is made of wood, an index is ufed 
initead of the thread, 

RECTIFYING of Curves. See Rfctifica. 

TIOtJ. 

Rectifying nf the Globe at Sphere, is a previous ad- 
iiiftmcnt of it, to prepare it for the folution of pio- 
blems, lliia ulually coiillds in placing it in the lame 
pofition as t’ ? tnu fphere of the world has at fome cer- 
tain time pi '.pofed ; vvhich is done firll by elevating the 
pole above 'he hor'/.on as much as the latitude of the 
place is, then biingmg the furds place for the given 
day, found in the ecliptic, to the graduated fide of the 
brafa or general merldinn, next move the hour-index to 
the upper hour of u, fo ihall the globe be Redlilied for 
noon of that day ; and h' the globe be turned about 
till the hour- index point nl any propofed hour, then is 
the globe in the real pofit'on of tier earth at that lime, 
if the whole globe be fet la the north and fouth pofi- 
tion by means of the compafs. 

RECTILINEAL, RtcriLiNEAR, or Right lined, 
18 the quality or natuie of figures that are bounded by 
right lines, or formed by right lines. 

RECURRING Series, is a ferics conhituted infucli 
a manner, that having taken at pleafure any number of 
its terms, each following term fliall be related to the fame 
number of preceding terms accoiding to a conftantlaw 
of relation. See Series* 

RED, in Phyfics, air Optics, one of the fimple or 
primary colours of natural bodies, or rather of the rays 
of light. — The Red rays arc the lead refrangible of all 
the rays of light, And hence, as Newton fuppofes the 
different degrees of refrangibllity to arife from the differ- 
ent magnitudes of the luminous particles of which the 
rays confift { therefore the Red rays, or Red light, is con- 
cluded to be that which confiflsof the largeu particles* 
See Colour and Light. 

Authors diflinguilh three general kinds of Red : 
one bordering on the blue, as colombine, or dove-co- 
lour, purple, and crimfon ; another bordering on yel- 
low, as flame-colour and orange ; and betw'ecn thefe ex- 
tremes is a medium, which is that which is properly 
called Red. 

REDANS, oi-Redant, or Redens, in Fortifica- 
tion, is a kind of work Indented like the teeth of a 
faw, with falicnt and re-entering angles; to the end 
that one part may flank or defend another. It is caUed 
alfo faw work, and indented. 

Redans arc often ufed in fortifying of walls, where 
it is not ncccffary to be at the cxpcncc of building 
bailions ; as when they fland on the fide of a river, or 
a marfli, or the fca, &e. But the fault offuch fortifi- 
cation is, that the beficgcrs from one battery may min 
both the fides of the tenaille or front of a place, and 
make an aflauU without fear of being enfiladed, fmee 
the defences are ruined. 

The parapet of the corridor alfo is frequently Re- 
dented, of carried on by the way of Redans* 
REDINTEGRATION, is the taking or finding 
the integral or fluent again, from the fluxion. See 
Flvxion and Fluent. 

REDOUBT, or Ridoutb, in Fortification, a fmell 
fbrti without any defence but iu front) ufed in trenchci) 


lines of circumvallationi contravallatton, and approach | 
as alfo for the lodging of corps de garde, aod to de- 
fend paflages. 

Detached is a kind of work refcmbling 

a ravelin, with flanks, placed beyond the glacis It 

is made to occupy fome fpot of ground which might 
he advantageous to the beficgers ; and alfo to oblige 
the enemy to open his trenches farther off than he 
would otlierwife do. 

REDUCING Scale, or Surveying Scale, is a 
bioad, ihin flip of box, or ivory, having feveral lines 
andfcalesof equal parts upon it; ufed by furveyorsbir 
turning chains and links into roods and ac-res, by in- 
fpcdlioii. They ufe it alfo to reduce maps and 
draughts from one dimenfion to another. 

REDUCTION, in general, is the bringing or 
changing fome thing to a different form, ilate, or de- 
nomination. 

Reduction, in Arithmetic, is commonly under- 
flood of the changing of money, weights, or mea- 
fures^ to other denominations, of the fame value ; and 
it is of two kinds, RedutVwn Defiending, which is the 
changing a number to its equivalent value in a low’vr 
denomination ; as pounds into (hillings or pence : and 
Redudion Afcending, which is the changing numbers 
to higher denominations; as pence to (hillings or 
pounds. 

Rule. * To perform ReduRion ; confider how many 
of the Icfs denomination make one of the greater, as 
how many pence make a drilling, or how many (hil- 
lings make a pound ; and multiply by that numlKr 
when the' Redudlion is defending, but divide by it 
w'hen it is afcending. Soto reduce 23I. Into pence; 
and converfely thofe pence Into pounds ; multiply- or 
divide by 1 2 and 20, as here btldw. 


0 1 

12 ) 5520 d* 

460 slJ^ 

20 ) 460 sh.. 

12 


II 





Reduction of FraRions* Sec Fraction, and De- 
cimal, 

Reduction of Equations^ in Algebrat See Eq.ua- 

TION. 

Kiuvct ion of Curves. See Curve, 

Reduction of a Figure, Defgn, or Draught, is the 
making aicopy of it, cither larger or fmaller than the 
original, but ftill preferving the form and propor- 
tion.^ 

Figures and plans arc reduced, and copied, in various 
ways as by the Pcntagraph> and Proportional com- 
paffes. Sec Peniaoxaph, and Froportional Com- 
passes. The bell of the other meth^aof reducing 
arc as below* 

To reduce a Simple ReQlUnear Figure iy Lines* 

Fitch upon appoint P any where about the givcn.fi' 
gurc ABCDE, cither witnin it, or without it, orin 
, one fide or angle ; but near the middle is beft. From 
tba^ point F linc^through au the angles ; upon 0^ 
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wkich take Va to PA in the propofed proportion 
of the fcales, or Jinear dimenfions ; then draw ai pa- 
rallel to AB, to BC, &c ; fo fhall al>c(Ie be the re* > 
duced figure fought, cither greater or fmaller than the 
original* 



To Reduce a Figure by a Scale , — Meafure all the 
Tides, and diagonals, of the figure, as ABC DE, by a 
fcale ; and lay down the fame meafures refpe6\ively, 
from another fcale, in the proportion required. 

To Reduce a Map^ ddejign^ or Figure,^ by Squares*^ 
Divide the original into a number of little fquarca; 
and divide a fre/h paper^ of the dimenfions required, 
into the fame number of other fquares, either greater 
or fmaller as required. This done, in every fquarc of 
the fecond figure, draw what is found in the corre- 
fponding fquare of the firftor original figure. 

The crols lines forming thefe Iquarcs, may be drawn 
with a pencil, and thefe rubbed out again after the 
work is finlihed. But a more ready and convenient 
way, efpeclally when fuch Reduftions are often wanted, 
would be to keep always at hand fraraM of fquares 
ready made, of fcveral fizcs ; for by only jull laying 
them down upon the papers, the correfpondlng parts 
may be readily copied. Thefe frames may be made of 
four ftiif or inflexible bars, ftrung acrofs with horfc 
hairs, or fine catgut. 

Reduction to the Ecliptic^ in Aftronomy, is the 
difference between the argument 
of latitude, as fWP, and an arc 
of the ecliptic NR, intercepted 
between the place of a planet, 
and the nodc*^ — To find this Re- 
duction, or difference j in the 
rijdit-angled fpherical triangle 
NjPR, are given the angle of 
inclination, and the argument of 
latitude NP ; to find NR j then 
the difference between NP and 
fought. 

redundant Hyperbola^ is a curve of the higher 
kind, fo called becaufe it exceeds the conical hyper- 
b<da in the number of legs ; being a tnple hyperbola, 
'vlth 6 hyperbolic legs. ' See Newton^s Enum, Lin. 
tertii Ordinit, nomina formarum, See. 

RE-ENTERING Jngle, in Fortification, is an an- 
gle whoR ^iht iV turned inwards,, or towards the 
place* 

REFLECTED or Ftfion, is that which is 
made by the reAcdion of light,, or by light firR .re- 



ceived upon the furface of fome body, and thence re-^ 
flcdlcd again. See Rav, Vision, and Reflec- 
tion. 

reflecting, or Reflexive, Dial, is a kind 
of dial which fliews the hour by means of a thin piece 
of looking-gbfs plate, duly placed to throw the fun's 
rays to the top of u ckhiig, on which the hour-llnea 
are drawn. 

REFLECTION, or Reflexion, in Mechanics, ia 
the return, or regreffivc motion of a moveable body, oc- 
cafioned by the refiilance of another bodv, which bin- 
derait from purfuing its former courfc of direction. 

Rcflctlion is conceived, by the kitefl and bell au- 
thors, as a motion peculiar to dafilc bodies, by which, 
after ftiiking on others which they cannot remove,, 
they recede, or turn back, or afidc, by their clalllc 
power. 

On this principle it is afferted, that there may be, 
and is, a period of reft between the incidence and ibc 
refle£Iion ; fince the itfle£ted motion is not a conti- 
nuation of the other, but a new motion, arifing from a 
new caufc or principle, vi», the power of clatlicity. 

It is one of the great laws of Reflexion, that the 
angle of incidence is equal to the angle of Rcfledlion j 
i. c. that the angle which the dircdlion of motion of a 
ftriking body makes with the furfacc of the body 
ftruck, is equal to the angle made between the fame 
furface and the dIrecStion of motion after the ilrokc*. 
See Incidence and Percussion. 

Reflection of the Rays of Light, like that of other 
bodies, is their motion after being rcfleiled from the 
furfacesof bodies. 

The Reflexion of the rays of light from the fiirfacca 
of bodies, is the means by which thofe bodies become 
vlfible. And the difpofition of bodies to reflect this 
or that kind of rays moft copioufly, is the caufc of 
their being of this or that colour. Alfo, the Rt flc6Iion 
of light, from the furfaecs of mirrors, makes the fub-- 
jeft of catoptrics. 

The Rcflc^Iion of light, Newton has fliewn, is not 
effefted by the rays ffriking on the very parts of the 
bodies j but by fome power of the body equally dlffufcd 
throughout its whole furface, hy which it upon the 
ray,attrading or repelling It without any real immediate 
coniadt. This powder he alfo fliew^S is ihefamc by which, 
in other circumftances, tiic rays are refrafted ; and by 
which they arc at firft emitted from the lucid body. 

Dr. Piicllley fays, it is not more probable, that the 
rays of light arc tranfmilted from the fun, with an uni- 
form difpofition to be refleClcd or rcfra6Icd, according to 
the circumftances of the bodies on which they impinge ;; 
and that the tranTmiffion of fome of the rays, appa- 
rently under the fame circumftances, with others that 
arc refleded, is owing to the minute vibrations of the 
fmall parts of the furfaccs of the mediums through which, 
the rays pafs ; vibrations that are independent of ac- 
tion and reaction between the bodies and the particles 
of light at the time of their impinging, though proba- 
bly excited by the adion of preceding rays. Hift* of 
Light and Colours, pa. 309* 

riewton concludes his account of the Refle^Hon of 
light with obferving, that if Hght'bc rcflc6Ied not by 
impinging on the folid pails 0 ? bodies, but by fome 
othex ptanciple,. it is probable that as many of its 

saya. 
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ray* as implnpfc on the folid parts of Ijpdies are not rt- 
jBe£ted> but ftiflfd .ancl loft in the bodies. Otherwifr, he 
fays, wc mull fuppofe two kinds of Reflc£lion ; for 
Ihould.all the rays be rcflc(Slcd wliich imping^e on the 
internal pans of clear water or cryftal, thofc fiibltanccs 
would ralhtT have a cloudy colour, than a clear tianf- 
parcncy. To make bodies look black, it is ncccfiary 
that many rays be flopped, retained and loll in them ; 
and it docs not feem probable that any rays can be llop- 
ped and flifled in them, which do nut impmge on 
their parts: and hence, he fays, we may iinderllaml, 
that bodies are much more rare and porous than is 
oomtnonly believed. H<uvever, M. Bfiuguer ddputes 
the of light being llifled oi loll by impinging on 
the folid pans td bodies. 

RtFLrciioN, ill Lat<iptrics, is the return of a 
ray of light fiom the pohflied fnrfaee of a fpecnlum or 
mirror, as driven thertcc by fome power reliding in it. 

I'hc ray thus returned is called a rz/tx or ttjJetIfd 
ray^ or a ray of Rrjlefiwn ; and the point of the Ipecuhim 
where the rav commences, is 
called the point of RtflitJiofi, F 

Thus, the ray Af, proceed* ‘ 

ing from the radiant A, and 
ftriking on the point of the .M\ | X*'" 

j’pccuhun B, being letmned fy ; 

thence to C, BC leprcfuus the K‘ ' ii 1> 

lefledcd ray, and B the point 

of Refiudion ; ^ refpea of which, AB reprefents the 
iiicidfiit ray, or my of incidence, and B the point of 
incidence ; alfo the angle CBE is the angle of Reflec- 
tion, and A13D the angle of incidence ; where DE is 
the reflcdling furface, or at leal! a tangent to it at the 
point B. Though fome count the angle of incidence 
and of Reflexion from the perpendicular BF. 

Gcnei'al I.a^ivs of Rffli ction.— i. IVhtn a ray of 
h^ht is n’jl(Ued from a fpeculum of any Jirm, the an^^Je oj 
incidence is always equn( to the atij^lenf RefeSiotu This 
law obtains in the peiculllons of all kinds of bodies; 
and confecjvicntly mull do fo in ibofe ot light ; and 
the |Moof of it may be feeii at the aitlclc Inci- 
t)ENCr. 

This law ifi confumed alfo by expenments on all 
bodies; and cn the lays of light in tins mannei : A 
)iy fiom the fun falling on a minor, in adaik room, 
tluougli a Imall hole, you will have the pleafurc to lee 
it rebound, fo as to make the angle of Reflection equal 
to the angle of incidence. And the fame may be 
ftiewn in viuim-s other vsayfi: thus ex. gr. placing 
se femicirclc 1)1' E on .i miiror DF, it.s centre on B, and 
its limb or plane peipendiculnr to the fpeculum; and 
alfuming equal arcs DG and E H ; place an objeft in 
A» and the eye in C; tlnn will the obje.£t be feen by 
t ray reflated from tlic point B. But by covering B, 
the objett will ccafc to be feen. 

11. Evoy point of a fpeculum refers rays falling on- 
it^ from evay putt of an ohjaJ, 

in. If the eye C and the radiant point A charge 
pIdCtSi the point 'ii'tll continue to radiate upon tbceye^ in the 
fame courfe ur path as It fare* 

IV, T/v plane of Rfetlion is perpendicular to the fur- 
face of the fpecutuiti ; und ft pafes through the centre in 
Jphtrieal fpteula* 

Keflectiou of the Moon^ is a term ufed by fome 

7 


authora for what 13 oththirift calfed herx^aAatio^y being 
iht ^d inequality in Iter motion, by which her true 
place out of the quadratures differs from her place 
twice equated. 

Reflfction is alfo ufed in the Copernican fyftem, 
for the dillancc of the pole from the horizon of tlic 
dilc; which is the fame thing as the fun’s declination 
in the Ptolomaic fyllem. 

REFLECTOIRE Curve. See RtfeSoirt Curve. 

RFFEEXIBILITY of the rays of li^ht, is that 
property by which they aie difpoled to be rtfledlul. 
Or, it is their difpofition to be turned back into the 
fame medium, fiom any other medium on whofe furface 
they fall. Hence thofe rays are faid to be more or Kfs 
rtflcxihlc, which are returned back more or Icfs eal ly 
under the fame incidence. Thus, if light pafs cut 
of glafs into air,' and by being inclined mcjre and more 
to the common furface of the glafs and air, begins at 
length to be totally refledted by that fniface, tlu'h; 
foils of lays which at like incidenees aie refleded inc'll 
copioully, or the rays which by being incliued bc^in 
fooncll io be totally refledted, are the moll leilcxiblc 
rays. 

Tliat rays of light arc-* of difun'cnt colours, and in- 
dued with different degrees of reflcxibibt) , \-ab ijut 
dil'covtred by Sir I. Newton ; and it is Ihewn bv’ the 
following expeiimcnt. Applyhig a piiim DIE to 



the aperture C of a darkened room in fuch manner that 
the liglit he leflcfled from the bafe^n G; the violet 
rays are feen firdrefleded intoHG; the other rays conti- 
nuing Hill refraded to I and K. After the violet, the 

blue are all lellcded ; then the green, &c. Hence 

it appears, that the diffuently coloured rays difftr in 
degree of Rt flexibility. And from othtr experiments 
It appears, that thole rays which are moll reflexibk, 
are alfo mofl lefrangiblc. 

REFLUX of the Sea^ is the ebbing of the water, 
or its return ifrom the fliore ; being fo culled, bc- 
caufe it is the oppofitc inotron to the flood or flux. 

, Sec Tide. 

REFB ACTED Angles ox A n^k of RefraBion-t 
Optics, is the angle which the refiadcd lay makes with 
th.c refrading furface; or fometlmes it denotes the 
complement of that, or tire angle it makes with the 
perpendicular to the faid furface. 

Refracted DWj, or RefraBmg l)iahy are fuch as 
flievv the hour by means of fome refrading tranfpareut 
fluid. 

Refracted Ray ^ or Ray of Refraction, js ^ 

ray 
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ray tfter it broken or bent, at the common fur- 
face of two dilFerent mediumB, where it paffes from 
the one into the other. See Ray, and Refrac* 
tioh. 

REFRACTIOI^, in Mechanics, Is the deviation of 
a movIn^<j body from its dire6l courfe, by rcafon of 
the diffeient denfity of the mediurti it moves in ; or a 
flexion and chanp^e of determination, occafioned by a 
body^ paffing obliquely out of one medium into another 
of • different denfity. 



Thus a ball A, moving iti the air in the hue AR,an(l 
filling c bl cjiicly on the I'urf'acc of the water CD, does 
not ptoceed llraiglit in tlic fame dirtc^Ton, as to E, 
bat (Jev kites or is defietflcd to F. Agu’n, if the ball 
move In water in tile line AB, and fall obliquely on a 
iiirfare of air CD; it will in this cafe alfo deviate from 

0 e fame continued direc-Hion BK, but now the con- 
tiniy way, and wdl go to O, on the other fide of it. 
N(.w the deflev‘‘dion in either cafe is called the Re- 

the RefraiJlion being towards the denier 

1 Ill-face r»D in the former cafe, but from it in the 

latitr, * 

Thefe Refraifbions are fiippofcd to arife from hence ; 
tint the ball arriving at B, in the firll cafe finds more 
Tefidanceor oppofition on the one fide O, or from the 
f de of the water, tliJKi it did frf)m the fide P, or that 
ijf ilic air; and in the latter more rcfiftance from the 
bde P, which is now the fide of tlie water, than the 
fide O, wliich is of the air. And fo for any other 
different media : a vifiblt; inftanceof which is often per- 
ceived in the faHIng of fliot or Ihells into the eatth, as 
clay ^tc, when the perforation is found to rife a little 
upwards, toward tlic I'm face. However another rca- 
fon is afligned for the liefraiffiou of the rays of 
Ilglit, w'hofe Refraiflions lie the contrary way to thofc 
above, as will be fecii in what follows, viz, that water 
by its greater attraction accelerates the motion of the 
friys of light more than air docs. 

Rkfraction of Lj^hty in Optics, is an infiefllon 

deviation of the rays from their rectilinear coiirfe on 
pafPiiig obliquely out of one medium into anothei, of 
a different denfity. 

That a body may be refracted, it ia ncccffary that 
it Ihould fall obliquely on the fecund medium : in per- 
pendicular incidence there is no ^ Refradtion, Ycc 
Yofeins and SnelliuB imagined they had obferved a 
perpendicular ray of light undergo a Refraction ; a per- 
pendicular ob)C^ appearing in the water nearer than it 
really wh 8 ; but this was attributirg that to a Refrac-- 
Uon of the perpendicular rays, wHch- was owing to 


the divergency #f the oblique rays after refraftlon, 
from a nearer point. Yet there is a mamfeft Refradion 
even of perpendicular rays found in ifland cryfial. 

Rohault adds, that though an oblique incidence be 
ncceffary in all other mediums we know of, yet the ob- 
liquity mull not exceed a ceruin degree; if it do, the 
body will not pcnetiatc the medium, but will be re- 
flected inflea'd of being refiaCfcd. Thus, cannon- balls, 
in fea engagements, falling very obliquely on the fur- 
face of the water, ate obferved to bound or life from 
it, and to fweep the men from off the enemy’s deckfw 
And the fame thing liappers to the little Hones with 
which children make their ducks and drakes along the 
fnif.Re of the water, 

'JTc ancients confounded Reflation with Refle6tion; 
and it was Newton w ho lit (I taught the tine diffeieiice^ . 
between them. He ihew s however that there is a good' 
deal of analogy between them, and paiticularly in the 
cafe of Hglit. 

I'he l.ivvs of Rc fradlon of tlic rays of light in me- 
diums diricrenlly lerininatcd, I. c. vvhofe fnrfaces arc 
f'bine, concave, and convex, make the fubjedt of Diop- 
tilc's. — By Reti action it is, that convex glalfes, or 
lenlt.% collect the rays, niagmify objedU, burn, Sccy 
and Ik nee the foundation of rnicrolcoprs, tclLfcopcs,- 
c^c. — And by Refradtion it is, that all remote objeds 
are fecn out of their real places ; particularly, that the 
lu-aicnly bodies aie apparently bight r than they tire in- 
reality. The KcfiaClion of tiic air has many times fo' 
unterfain an influence on the places (>f celefiial objeCb, 
near tlic hori Aon, that wherever Refradiori is concern- 
ed, the conclufions deduced from obfeiiations that arc 
much affeded by it, will always remain doubtful, and- 
fometimes too precaiious to be relied oii. See Dr.- 
Bradley in Philof. Tianf. number 48^, 

As to the caiifc of Refradb’on, it docs not appear' 
that any perfon before Des Caries attempted to explain 
it; this he undertook to do by tlie rcfohition of forces, 
on the principles of mechanics; in coiifcquencc of 
which, he was obliged to fuppofe that light paffca- 
with more cafe through a clenie medium than a rare 
one : thus, the ray AC falling obliquely on a den-- 
fer medium at C is fiippofed to be acted on by tw« 
forces, one of them impelling it in the diredion AL,. 
and the othcM’ in AK, which alone can be affeded by 
llie change of meJium : and fince, afita- the ray has 
entered the deiifcr medium, it approaches the perpen-- 
dicular Cl, it is plain that this force muit have re- 
ceived an incre-aic, whilil the other continued the 
fame. 

'^I'hc firll perfon who qneflioned the truth of tliis-cx-- 
planation of the caiife of KeFradion, was Kcrqiat ; ha 
alTertcd, contrary to Dcs Cartes, that light fuffers- 
greater refinance in water than in air, and greater in 
glafs than in water; and he malniained tbit the rt-- 
l/ffance of diffeient mediums, with refped to light, is 
in proportion to their denlitit a. Leibnitz alfo adopted 
the fame general idea; and they reafoned upon the fub- 
jed in the following manner. Nature, fay they, ac» 
compliflies her ends by the fliortefl: methods ; and there- ' 
fore light ought to pafs from tme point to another, 
either by the mortell courfe, or by that in which tlie 
lead time is rcquiied. But it is pKiin that the path in 
which light palfcs, when it falb obliquely upon a den- 
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ftr iT^exlIuin, is not the moft dircft tlie (horteft ; 
and therefore it mult be that in wh'ch the leaft time is 
fpent.’ A.nd whereas it Udcmonflrable, that light fall- 
ing obliquely upon a denfer medium {in order to take 
up the lead time poflible, iii paHing from a point in one 
medium to a point in the otner) mult be refradted in 
fuch a mantwr, that the fine of the angles of incidence 
and Refraftion mull be to one another, as the different 
hicilitics with which light is tranfmitted in thofe me- 
diums ; it follows that, huce liglit approaches the per- 
pendicular when it paffes obliquely from air into water, 
the facility with which water ruffeis light to pafs 
through it, islcfs than that of the air ; fo that the light 
meets with greater relidance in water than in air. 

H'his method, of arguing from final caufes could not 
.fatibfy philofophers. Dr. Smith obferves, that it 
agiccs only to the cafe of Refrat^bon at a plane 
furfacc ; and that the hypoihefis is altogether arbi- 
trary, 

Dcchales, in explaining the law of Refra 61 ion, fup- 
pofes that every ray of light is compeV'ed of fcveral 
fmallcr rays, which adhere to one another ; and that 
’they arerefraflcd towards the j)erpendicnlar, in paffing 
into a denfvT medium, beenn'e one part of the ray 
meets with more refiftance than another part ; fo that 
the former traverfes a fmaller fpacc than the latter ; in 
oonfcqucnce of which the ray mull neccflhiily bend a 
little towards the perpendicular. This hypothelis wais 
adopted by the celebrated Dr. Barrow, and indeed fome 
fay, he was the author of it. On this hypothefis it is 
plain, that mediums of a greater refraiflive power, muft 
give^ a greater refiftance to the paffage of the rays 
of light, than mediums of a lets refra£tivc power; 
which is contrary to fa<St. 

The Bcrnoullis, both father and fon, have attempted 
to explain the caufe of Refradlion on mechanical prin- 
■ciplcs ; the former on the equilibrium of forces, and 
the latter on the fame principles with the fuppofition of 
€thcrial vortices : but neither of thefc hypothefes have 
gained much credit, 

M. Mairan fuppofes a fubtlc fluid, filling the pores 
of all bodies, and extending, like an atmofphcre, to 
a fmall dlflance beyond their furfaces ; and then he fup- 
jpofes that the Refraction of light is nothing more than 
a ncceffary and mechanical effeCl of the incidence of a 
fmall body in thofe circumftanccs. There is more, he 
fays, of the refniding fluid, in water than in air, more 
in glafs than in water, and in general more in a denfe 
mcaium than in one that is rarer. 

Maupertuis fuppofes that the courfc which every ray 
takes, in paffing out of one medium into another,>is 
that which requires the leaft quantity of aAion, which 
depends upon the velocity of the body and the fpacc it 
paffes over ; fo that it is in proportion to the fum of 
the produfts arifin^ from the (paces multiplied by the 
velocities with which bodies pafs over them. From 
this principle he deduces the neceffity of the fine of the 
angle of incidence being m a conftant proportion to 
that of Refraction ; and alfo all the other laws relating 
to the propagation and reflcftlon of light. " 

Dr. Smith, (in his Optics, Remarks, p. '^o) ob* 
ferves, that all other theories for explaining the Teflec« 
tion and Refradlion of light, except that of Newton, 
fuppofe that it ftrikei upon bodies and U ifefifted bj 


thenl ; ,wbich Juis p^ver been ^proved by any dedu^^ion 
from experience. On the contrary, it appears by vari- 
ous confiderations, and miglit be fbewn by the obferva- 
tions of Mr. Molyneux and Dr. Bradley on the paral- 
lax of the fixed ftars, that their rays are not at' all im- 
peded by the rapid motion of the tnrth^ atmofphere, 
nor by the objea glafs of the telefcope, through which 
they pafs. And by Newtoij’s theory of Rcfradion, 
which is grounded on experience only, it appears that 
light is fo far from being refilled and r^^tarded by IJe- 
fra^tion into any denfe medium, that it is fwlfier theic 
than in vacuo in the ratio ol the line of incidence 
in vacuo to the fine of Refraifllon info^hc denfe medi- 
um. Priellley’s Hill, of Light, 3 :c, p, 102 and 333, 

Newton fliews that the Refradtion of light is not 
performed by the rays falling on the very furfiice of 
bodies ; but that It is cfTcded, without any coniadl, 
by the acSlion of feme power belonging to bodies, and 
extending to a certain diltance beyond their fui fates ; 
by w'hich fame power, adding in other tircumllanceM, 
they are alfo emitted and refleded. 

The manner in which Refradion is performed by 
mere attiadion, without contad, may be thus :n- 
counttfd for : Suppofe HI the boundary of two medi- 
ums, N and O ; the fir ft 
the rarer, ex. gr, air ; 
the fecond the denfer, ex, 
gr. glafs ; the attradion 
of the mediums here will 
be as their denfities. Sup- 
pofe p S to be the dif- 
tance to which the at- 
trading force of the den- 
fer medium exerts itfelf 
within the rarer, -Now 
let a ray of light Aa fall obliquely on the furface \Ahicli 
feparates the mediums, or rathc*r on the furface 
where the adion of the- fecond and more refilling me- 
dium commences : as the ray arrives at it will be^nn 
to be turned out of its reftilincar com fe by a fuperior 
force, with which it is attraded by the medium 0. 
more than by the medium N ; hence the ray is bent out 
of its right line in every point of its paffage between 
pS and RT, within w’hich diftance the attradion ads ; 
and therefore between ihefe lines it deferibes acur\e 
flB 5 ; but beyond RT, being out of the fphere of at- 
tradion of the medium N, it will proceed uniformly in 
a tight line, according to the diredion of the curve in 
the point i. 

Again, fuppofe N the denfer and more attrading 
medium, 0 the rarer, and HI the boundary as bcfoie; 
and let RT be the diftance to which the denfer medium 
exerts its attradivc force within the rarer ; even wlicn 
the ray has paffed the point B, it will be within the 
fpbcrc of the fuperior attradion of the denfer medi- 
um ; but that attradion ading in lines perpendicular 
to its furfade, the will be continually drawn from 
its ftraight courfe BM perpendicularly towards HI: 
thus, having two forces or airedions, it will have a 
com{Mund motion, fry which, inftead of BM, it will 
dcfcribe Bm, which Bm will in ftridnefs be a cunc. 
l^aftly, after it hat^arrived at m, being out of the in-' 
flnrace of the medium N, it will perfift uniformly, in 
a right Kae> in the dUedipn in which the extremity of 

the 
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the curve leaves - it.— ThiU we fee how Refraction 
is performed, both towards the pcipcndiculnr J)E, 

and from it. 

Refract ion in Diopiricffh theinflexion orbending 
of the rays of light, in pafllng the furfaces of glafles, 
Icnfes, and other iranfparent bodies of difierent denfi- 
ties. Thus, a ray, as^AB, falling obliquely from the 
ladiant A, i^on a point B, Jn a diaphanous fin face 
HI, rarer or deafer than the medium along which it 
was piopagatcd from the radiant, has its dlitdion there 
altcied by the adion of the new medium ; aiul 
iiidcad of proceeding to M, it deviates, as for ex. 
to C. 

This deviation is called the Refmflmi of ihc ;v/y ; 
BC the refrathd ray^ or line of Riftalihjn ; and B tlie 
cf Refrai'-iion. — The line AB is alfo called the 
line of irictdcnce ; and In refpe6f of it, B is alfo railed 
\\\<t poinl of inctdtnrc. The plane in which both the 
incident and refiaded lay are found, is called the phine 
rf Rifra^iori \ alfo a right line BE drawn in the le- 
fr:i6iiug rntdinm perpendicular to the icfrading fuiface 
at the point of Refraditm B, is called the axis of Re- 
\ .and its continuation DB along the medium 
through which the ray falls, is called the axis of l/id- 
dcncc. — rarther, the angle ABI, made by the incident 
jay and the ufrading furface, is nfnully called the 
anj/e of weidenre ; and the angle AUD, between the 
incident ray and the axis of incidence, is the atiyje of 
iricUnalwn. Moreover, the angle MBC, between the 
jcfradled and incident lays, Is called the of Refac- 
tions and the angle CHE, between the refiaded tay 
and the axis of Refradion, is the refratled angle. ■ Bnt 
it is alfo very common to call the angles ABD and 
CBE made by tlie perpendicular with tlic incident and 
icfraded rays, tlie angles of incidence and RefraC' 
tion. * 

General Laws of Refraction, — I, A ray of light 
in its pajfage out of a rarer medium into a denfer^ cx. gr. 
out of air into water or into glafs^ is ref raffed towards 
the perpendicular.^ i. e. towards the axis of Refrafflon. 
Hence, the vefraded angle is Icfs than the angle of in- 
clination ; and the angle of Refi-adion lefs than that 
of Incidence ; as they would be equal were the ray to 
proceed ftiaiglit from A to M. 

II. The ratio of the fines of the angles ABD, CBF, 
made by the perpendicular with the incident and vij raffed 
roys^ is a conjlant and fixed ratio ; whatever be the ob- 
h’([uiiy of the incident ray, the mediums remaining. 
Thus, the Refraiflion out of air, into water, is ncaily 
as 4 to 3, and into glafs it is nearly as 3 to 2, As to 
air in particular, it is Hicwn by Newton, that a ray of 
light, in traverfmg quite tlirough the atmofphcre, is 
refra6led the fame as it would be, were it to pafs with 
the fame obliquity out of a vacuura immediately into 
air of equal denfity with that in the loweft part of the 
atmofpbcrc. 

The true law of Rcfradlioil was firft difeovered by 
Willebrord Snell, profefTor of Mathematics at Leyden ; 
''ho found by experiment that the cofccants of the 
angles of incidence and Refraftion, are always in the 
Hmc ratio. *It was commonly attributed however to 
Hes Cartes ; who, having fecn it in a MS. of Snell*?, 
firft publilhed it in hi? Dioptrics, without ^naming 
biiclhus, as Huygens aflerts ; De# Cartes having only 
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altered the foim of ihe Iiw, from the ratio of the 
cofccnnt8, to ihat of the fines, which Is the fame 
thing. 

It is to be obferved b nvever, tliat as the rays of 
light arc not all of tlic fame degree of rcfrangibility, 
this coiiftant ratio unid’be difl’erent in different kinds: 
fo that tbcialio mentioned by aiitbors, is to be under' 
flood of j\'i) s ot the inenn u ti angibility, i. c of gieeii 
rays. The diilueme of IL fi adf ion between t lie leid 
and mod lefiaugibic lay^i, that is, between violet and red 
r.iys, Newton fbews, ii> :ibonr the f,- of the whole Re- 
fmtilon of the .nc.in leli.Tiigihle ; which dinVrerec, he 
allows, is fo fiiiall, that Ii L'Uom needs to be re- 
garded. 

Diircicnt tianfpaient fubllancc'? have indeed very dif- 
ferent degues ot RefunMiun, and ihofc not according 
to anyugiilar law; ns appeals by many experitneiifs 
of NcwToi), Euler, Hawkihee, &c. See Newton’s 
Optics, 3d edit. pa. 247 ; Hawkflice’s Experim. 
p.i, Z()2 ; Ad. Bftlin. 176.’, pa. 302 ; Fiitflley’s IfiiL 
of Light &,c, pa. 479. 

WIkiicc tlie did'erent rcfi idive* pow^eia in diflerent. 
fluids aiifc, Ins not been delci mined. Newton flicws, that 
in many bodies, as glafs, erydal, fclcnites, pfeudo-lopav:, 
&c, tlie nfiT.ftivc power is Indeed ptopoi tionable to 
their denfitii# ; whild in fulpjiureciis bodies, as cam* 
plior, liiifecd, and olive oil, amber, fpirit of turpen- 
tine. See, the powder is tw'o or three times greater than 
in othci bodies of equal dciifity ; and yet even tbefe 
have the lefVadivc power with refpedl to crcli other, 
nearly as their denfitits. Water has a refradive power 
in a medium degree between thofc two kinds of fub- 
danccs ; whild falls and vitriols have lefiatfliv'c powers 
in a middle degree bctwTcn thofc of cat thy fiibdancci 
and water, and accordingly arc compofed of thofe 
two forts of matter, S .irit of wa’nc has a refradlivc 
power in a middle degree between tbofe of W’alcr and 
oily fubdanees; and acovudingly it feerns to be com- 
po.dfd of both, united by feimtiitaLfon. It appears 
therefore, that all bodies iVem to have their refiadlivc 
powers nearly proportional to their denfitie?, cxcepling 
fo far as they partake more or lefs of fuljihiiieous oily 
particles, by wdiich thofc powers arc altered. 

Newton fiirpedcd that diflerent dcgices of beat 
might have fome c/Fcdl 011 the rcriruHivc power of bo- 
dies ; but his method of determining the g«*neral Refi ac- 
tion was not fuflicienily accurate to afccrtaln this cir- 
cumdancc. Euler’s method however w-as well adapted 
to this puipofc; from his experiments he iiifei?, that 
tlic focal diftance of a firigle lens of gl.ifs dimimfhes 
with the heat cominiinicated to it; wliicli dimimuion 
is owing to a change In the refr. Cli’ c power of the 
glafs itlelf, which is probably inert afed by beat, and 
diminidied by cold, as well probably as that of nil other 
traiifliiccnt fubdances. 

From the law above laid down it follows, that one 
angle of inclination, and its correlponding rcfta-^tal 
angle, being found by ohfervaiion, t-l.e rtfiut^cd au^le* 
corrcfpotiding td the fcveiul oilier angles of incliinuion 
are thence cadly tomputed. Now, Zahnius abd Kiichcr 
have found, that if the angle 0/ inclinalidn be 70% 
the Tcfraftcd angle, out of air ihtb glafs, will be 38* 
50' ; ■ on which principle Z.ihniua has conllrudlcd a 
table'df ihofe Refrafbong for the fevcral degrees of the 
Y y - angle 



angfe of Inclination j a fpcclmcn of which here fol- 
bwg : I 


By Mr. Hawkftec.’ 


Angle of In- 
clination, 

RefmCfed 

Angle. 

Angle of Ro- 
fraClIon. 


0 

0 

» 

/; 

0 

/ 

/» 


1 

0 

40 

5 

0 

19 

Si 


2 

I 

20 

6 

0 

39 

54 


3 

2 

0 

4 

0 

59 

58 


4 

2 

40 

s 

I 

19 

55 


5 

3 

20 

3 

1 

39 

57 


10 

6 

39 

16 

3 

20 

44 


20 


1 1 

35 

6 

48 

25 


30 


29 

^9 

to 

30 

31 


45 

28 

9 

19 

16 

50 

4 » 


90 

41 

51 

40 

48 

3 

20 


Hence it appear®, that if the angle of inclination be 
kfsthaii 20^, the angle of R>efra6t{on out of air into 
glafa is almod J of the angle of Inclination ; and there- 
fore a ray is refrafted to the axis of Refradion by al- 
moft a third part of the quantity of Its angle of incli- 
nation. And on this principle it is that iCepler, and 
moft other dioptrical writers, demoiiftiate the Refrac- 
tions in glaflTca j though in eftimating the law of thefc 
Refradtlons he followed the example of Alhazen and 
Vitcllo, and fouglit to difoover it in the proportion of' 
the angles, and not in that of the fines, or cofccants, 
as dlfcovered by Snclllus, as mentioned above. 

The refractive powers of fcveral fubllances, as deter* 
mined by different phllofopbers, may be feen in the fol- 
lowing tables ; in wlu’ch the ray Is fuppofed to pafs out 
of air into each of the fubllances, and the annexed 
numbers fiiew the proportion to unity or i, be- 
tween the lines of the angles of incidence and Re- 
fraClIon. 


I. By Sir Ifaac Newton’s Obfervaiions. 


Air 

09977 

Rain water 

>•3358 

Spirit of wine 

- I 3608 

Oil of vitriol 

1-4285 

Alum 

- ' 1*4577 

Oil olhte 

1.4666 

Borax 

1*4667^ 

Gum Arabic 

1*4771’ 

Jdnfecd oil 

• 1-4814 

Selcnitcs 

1-4878 

Camphor - • 

• 1-5000 

Dantzick vitriol 

- i’5coo 

Nitre 

1-5258 

• Sal gcni. - 

• J'S 45 { 

Glafs 

- 1-5500. 

Amber 

1-5556 

Rock cryftal 

- 1-5620 

Spirit of turpentine 

- i«c625 

A yellow pil'udu*topaz 

Iftand cryftal 

- 10429 

- 1*6666 

Glafs of antimony 

- 1*8889 

A Diamond 

! 2 * 439 ^ 


^ Water 

Spirit of honey 
Oil of amber 
Human urine 
White of an egg 
French brandy 
Spirit of wine 
Diflilled vinegar 
Gutp ammoniac 
Aqua regia 
Aqua fort's 
Spirit v)f nitre 

Cryftalline humour of an ox’sey 

Oil of vitriol 

Oil of turpentine 

Oil of amber 

Oil of cloves 

Oil of cinnamon 


*• 3550 ^ 

1*3577 

1-3419 

1-3625 

1-3721 
1-3723 
1-3898 
1*4044 
I '4076 . 

I •463! 

1*4262' 

'■4833 

1 *5010 • 
1-5136 

r 534 o 


3. By Mr. Euler, junior. 


Rain or diftilled water - ^’ 33 )^ 

Well water - - 1’3562 

Diftilled vinegar - - 1*3442 

French wine - - *‘345^ 

A folutlon of gum arabic - 1*3467 

French brandy - - 1*5600 

Ditto a ftronger kind - - 1*3618 

Spirit of wine rcClIficd - 1.3^83 

Ditto more highly reClified - 1*3706 

White of an egg - . 1*3685 

Spirit of nitre - - 1*4025 

Oil of Provence - . i *^5 { 

Oil of turpentine - 1*4822 


HI. When a rny pnjfes out of a denfer medium hio a 
rarer, it is refra^ed from the perpendicular, or jrom tht 
axis of Refradion, 

This is exaClly the reverfe of the 2d law, and tlic 
quantity of RefraCtion is equal In both cafcE, or bolli 
forwards and backwaids ; fo that a ray would take t’r^ 
fame courfe back, by which another pafled forwaul, 
viz, if a ray would pafs from A b) B to C, auotlKi 
would pafs from C by B to A. Hence, in tlris cafe^ 
the angle of RefraClion is greater than the angle ot 
Inclination. Hence aIfo,,if the angle of Inclination be 
lefs than 30°, MBC is nearly equal to f of MBEj 
therefore MBC ia ■J otCBE; confequeutly, if 
Refraction. Fc out of glafs into air, and) the angle of 
inclination lefs than 3c®, the ray Is refraCted fiom the 
axis of Refraction by almoft: the half of the angle of 
inclination. And this- is tho.other dioptrical principle 
u(ed by moft authors after Kepler,. to demonftratc ibe 
Refraftions of gUftes. 

If the Refrafiion be out of mr into glafs, the ratio 
of the fine® of iivcHnation and RefraClion is as 3 to 
or- more accurately as 1 7 to 1 1 ; if out of air into water 
as 4 to 3,; therefore if the courfc be the contraiy way, 
viz, out of glafs or water into air, the ratio of the 
iincy will be, in t)ie former cafe as 2 to 3 or 1 1 to 1 7 - 
and in 'the latter as 3 to 4. So that, i£ the RcfraCtic u 
be.from water or glaiii into air, and the angle of ino 
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'(^fncp or incllnstion be greater than about 48 f dcgiccg 
hi water, or greater than about 40® in glafs, the 1 ay- 
will not be refra^ied into air; but will be rcflctlcd into 
a line which makei the angle of reflexion equal to the 
angle of incidence ; becaufe the linen of 48,: and 
are to the radius, as 3 to 4, and as 1 1 to 1 7 neaily ; and 
therefore when the fine has a gi eater proportion to the 
radius than as above, the ray will not be lefra^ted. 

W, ray faU'ttig on a curwfurfncei Kobtiber cotimve 
or rofiveXf is ref rat aft cr the fame manner as if it fell rn 
a platie vjJjuh is a tangent to ike cun^e In the point of in- 
eidence, Bccanfe the curve and its tangent liave the 
])nint ofcontad common to both, where the ray i;> le- 
liadcd. 

Laik)S (^Retraction in Plane Surfaces, 

I. If parallel rays, AB and CD, be refra(fled out of 
one tranfparent medium into another of a dtHVrent 
rienlity, they will continue parallel after Refrac^tion, as 
BE and DF. Hence a glafs that is plane on both lides, 
being turned either dired^Iy or obliquely to the fun, 
the light pacing through it tvill be propagated in 
Tiic fame manner as if the glafs weieaway. 



2. If two rays CD and CP, proceeding from the 
fame radiant C, and falling on a plane furface of a dif- 
fcicni dcnfjty, fo that the points of Refraftion D and 
P be equally diftant from the perpendicular of incidence 
GK, the refraded rays DF and PQ have the fame 
vinual focus, or the fame point of difpcriion G.— 
Hence, when refracted rays, falling on the eye placed 
out of the perpendicular of incidence, arc either equally 
dldant from the perpendicular, or very near each other, 
they will flow upon the eye as if they came to it from 
the point G ; confequentiy the point C will be fccu by 
the refracted rays as in G. Ana hence alfo, if the eye 
be placed in a denfe medium, objedls in a rarer will 
appear more remote than they are ; and the place of 
the image, in any cafe, may be determined from the 
ratio of Refraction : Thus, to flflics fwimming under 
water, objcCls out of the water mull appear farther 
diftant than in reality they are. But, on the contrary, 
if the eye at E be placed in a raVer medium, then an 
pbjcCl G placed in a denfer, appears, at C, nearer than 
jt is } and the place of the im^e may be determined 
in any given cafe Iw the ratio 01 Refraction : and thus 
the bottom of a vend full of water is raffed by Refrac- 
tion a third part of its depth, with refpeCt to an eye 
placed perpendicularly over tht refraCting furface ; and 
thus alfo filhes and other bodies, under water, appear 
t’Carcr than they really arc. 

3. If the eye be placed in a rarer medium j then an 
objeCt fren in a denfer, by a ray refraCted in a plane 
ftirface, will appear larger than it reaHy is# But if the 

be in a denfer medium, aad the ©bjedt in a“ rarer, 


the objed will appear hfs than it is. And, in each 
cafe, the apparent magnitude FQjs to the real one EH, 
as the iiClangle CK ; to GK ' CL, or in the com- 
pound ratio of the diftanre CK of the point to which 
the rays tend before Refutfiion, ftom the refrading 
lurface DI', to the diilauee GK of the eye from the 
fame, and of the dillaiice OL of the obje6l EH from 
the eye, to its dillanee CL fiom the point to which the 
lays tend bdoic Rtfrat^iion, — llriicc, if tlie object be 
very remote, CL w ill be phylically equal to GL j and 
liien tlie leal magniiiu’r El, is to the apparent magni- 
tude FL, as GK to CK, or as the dilUnce of the tyc 
(j horn the rcfmi‘B*iig plane, to the dillanee oftlic point 
of conveigcnee F from the fame plane. >\nd hcncc 
alfo, objeds under water, to an eye in the air, appear 
larger tli.in they are ; and to liftic sunder water, objedli 
in the air appear Icls than they aie, 

La'ius of RetTvAction In a/.!.-.- licsl Surfaces f both 
iorieavj auil iut:<vex. 


1. A ray ofliglit DK, parallel 
to the axif, after a fmglc reft ac- 
tion at E, meets the axis in the 
point F, beyond ilje centre C, 

2. Alfo in that (Xife, tlie femi- 
diamttcr CB or CL will I)e to the 
refradlcd ray EF, as (lie line of 
the angle of refold ion to the fine 
of the angle of inclination BCE. 

But (he Giftauce of the focus, or 
polf't of coiiciu rciicc from the cen- 
tre, CF, is to the refracted ray EF, as the fine of the 
lefndcd angle to the line of the angle of inclination. 

3. Hence alfo, in this cafe, the cliftance BF of the 
focus from tlie lefradting furface, mull be to Cl** its 
diftance from the centre, in a latio greater than that 
of the fine of the angle of inclination to the fine of 
the refraded angle, but tliofe ratios will be nearly 
equal when the rays are very near the axis, and the angle ' 
of inclination BCE is only of a few degiccs. And 
when the Refradion is out of air Into glafs, then 



For rays near the axis, 
BF : FC : : 3 : 2, 
BC : BF : : I : 3. 


For more diftant rays, 
BF : FC> 3 : 2, 
BC : BF <1:3. 


But if the Refradion be out of air into water, then 


For rays near the axis, 

BF ; FC : U : 3 » 

BC : BF : : I : 4, 


For more diftant jayp, 

BF : FC > 4 *. 3^ 
BC; BF < i : 4. 


Hence, as the fun’s rays arc parallel as to fenfe, if 
they fall on the furface of a folld glafs fphere, or of a 
fphcrc full of water, they will not meet the axis vjithin 
the fphere ; fo tliat Vitcllo was millaken when lie ima- 
gined that the fun’s rays, falling on the lurfacc of a 
cryflalHnc fphere, were refraded to the centre. 

4. IF a ray HE fall parallel to the axis FA, out of 
a rarer medium, on the concave fplicrical furface BE of 
a denfer one; the rerra< 5 tcd ray EN will diverge from 
the point of the axis F, fo that l‘E will be to FC, In 
the ratio of the fine of tlie angle of inclination, to the 
fine of the refraded angle. Confequentiy FB to FC 
is in a greater ratio than that ; utilefa when the rays 
arc very near tbe axis, and the angle BCE is very fmall, 
Y y a for 
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for FB will be to FC nearly in that ratio* And 
hence, in the cafes of Rcfraftion out of air into water 
or glafs, the ratios of BC, BF and CF, will be the 
fame as fpecified in the lad article. 

5. If a ray DE, parallel to the 
axis FC, pafs out ot a denfer into 
a rarer fphericnl convex medium, 
it will diverge fiom the axis aft^r 
Refratflinn ; and tlie dillance FC 
of thv’ point of difperllon, or of 
the \irtnal focus F, from the ecu* 
tre of the fphere, will be to its 
femidiameter CE or CB, as the 
line of the lefradied angle is to the 
fine of tilt angle of Reflation ; 
blit to the [lortiori of the refiadfd 
ray drawn hack, FE, it will he in the ratio of the line 
of the rtfra6tcd angle to the fine of tlie angle of incli- 
nation. Confcqucuily FC will be to FB, in a greater 
ratio than this lall one : unlcfs when the laya L)E fall 
very near the axis FC, for then FC to FB will be very 
nearly In that ratio. 

Ilence, when the Refradion Is out of glafs into air j 
then, 

For lays near the axis, 

FC: FB:: 3:2, 

BC : BF : : I : 2. 

But when the Refradlion is out of water into air ; then,, 


U c 


For more dillant rays, 
FC : FB >3:2, 
BC : BF > I : 2, 


For more diftant rays, 
FC : FB > 4 : 3, 
BC : BF > I : 3. 


For rays near the axis, 

FC : FB : : 4 ; 3, 

BC : BF ; ; 1 : 3. 

6. If the ray HE full parallel to the axis CF, from, 
a denfer medium, upon the furface of a fpherically con- 
cave rarer one ; the refra£led ray will meet wnth the 
axis in the point F, fo that tficdidancc CF from the 
centre, will be to the refiadcd lay FE, as the fine of 
tlicrcfradled angle, to the fine of the angle of inclination, 
Confcqucntly FC will be to FB, in a greater ratio 
than that above mentioned : unkfs when the rays are 
very near the axis, for then FC is to FB very nearly 
^Ijpin that ratio ; and the three FB, FC, BC arc. In the 
cafes of air, water and glafs, in the numeral ratios as 
fpetified at the ciul of the lull article. See Wolfius, 
Elcin. Mathef. tom, 3 p. 179 See, 


to recede from the perpendicultr GO. And hence arife 
the various phenomena of the prifm. See Colour. 

Refraction in a Convex Lent. 

¥ parallel rtyd, AB, CD, EF, fall on the furfacc 
of a convex lens XBZ (the laft fig. above)'; the per- 
pendicular ray AB will pafs unrcfi*a6led to K, where 
emerging, as before, perpendicularly, into air, it will pro- 
ceed ilraight on to G. But the rays CD and EF, falling 
obliquely oiit of air into glafs, at D and F, will be re- 
fiaded towards the axis of Refraclion, or towaids the 
perpendiculars at D and F, andfu decline to Qjind F; 
where emerging again obliquely out of the glafs into 
the furface of the uir, they will be lefi ailed from the 
pcipendicular, and pioceetl in the directions QG and 
F(7, meeting in G. And thus alfo will all the other 
lays be refiaded fo as to meet the reft near the place G. 

See Focus and Lens. Hence the great property of 

convex glafles; vi/, that they colled parallel lays, or 
make them converge into a point. 

Refraction in a Concave Lens, 

Parallel rays AB, CD, EF, falling on a concave lena 
GBHIMK, the ray AB falling perpendicularly on the 

t lafs at B, will pafs unrefraded to M ; wdiere, being 
ill perpendicular, it wjil pafs into the air to L, with- 



out Refradion. Biit the ray CD, falling obliquely 0.1 
the furface of the glafs, will be refraded towards the 
perpendicular at D, and proceed to Qj where again 
falling obliquely out of the glafs upon the furface of ui,, 
it will be refraded from the perpendicular at (^anu 
proceed to V. After the fame manner the ray EF is 
ftrft refraded to Y, and thence to Z. — flence the gieat 
property of concave glafles; viz, that they dilpeife 
parallel rays, or make them diverge. See Lens. 


Refraction in a Clafs Prifm, 

ABC being the tranfverfo fcdioii of a prifm ; if a 
ray of light DE fall obliquely upon it out of the air ; 
iafttsul of proceeding ftraightou to F, being refraidted 



iwwaj^a the pcrpcndicnldr IE, it will decline to G, 
Again, fince the ray EG, palling out of glafs into air, 
iiy^liquely o& BC, it.wlll be refraded to M, fo aa 


Refraction in a Plane Glafs, 

If paralleFraya EF, GH, Tk, (the laft fig. above) 
fall obliquely on a plane glafs ABCD ; the obliquity 
being the fame in all, by reafon of tlvclr paralkliim, 
they will be all equally refraded towards-thc perpcncli* 
Gular; and accordingly, being. ftill parallel at M, 0, 
and they will pafs out into the air equally refraded 
again Jrom the perpendicular, and ftill parallel. Thus 
will the rays EF, GH, and IK,^ at their entering the 
glafs, be infleded towards the right; and in thtir 
going out as much infleded to the left ; fo-that the hrd 
Refradion is here undone by the fecond, thereby caufing 
the rays on their emtrgmg from the glafs, to be p.araliti 

to ihcw fird dirtdion bcfo« th«v ciAercd it *, thougli 
not fo as that thcobjed is Teen in its (rue 
the ray RQ, being produced back again, wul^ 
coincide wit^the ray IK^ butwiU fall to tU left ot lU 
and thfrthc more ilf the glafeijt^kcr; however, 
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to the coloQri the fecond Eefhi6^i(Hi does retdly' undo 
thefirft. Sec Colour. 

Refraction in Afiranomy^ 6t Refraction fjf ih ' 
is an inflexion of the cays of thofe luminaties, in 
pafling through our atmofpherc ; by which the ap^af cnt 
altitudes df the heavenly bodies are incrcafed. 

This Refradion arifes from hence, that the atmo- 
fphcM-e is unequally denfe in different ftages or regions ; 
rareil of all at the top, and denfcll of all at the bottom; 
u’hich inequality in the fame medium, makes it equiva- 
lent to feveral uneq^iial mediums, by which the eourfe 
of the ray of light is continually bent into a continued 
curve line. See Atmosphlre. And Sir Ifaac New- 

ton has (hewn, that a ray of light, in paffing from the 
higheftand rarcfl part of the atmofphere, down to the 
loV'ellranddcnfed, undergoes the fame quantity of Re- 
fraftion that it wquld do in paHTiag immediately, at the 
fame obliquity, out of a vacuum into air of equal den/ity 
with tliat in the low^tl pair of the atmofphere. 

The cfl'tdt of this Refradllon may' 
be thus conceived, Suppofc ZV 
a qiiadianc of a vertical circle dc- 
fcribed from the centie of the eaith 
T. under which is ABa quadrant 
of a circle on the fniface of the 
earth, and GII a quadiaiit of the 
fiirface of the atmofphere. 'I’lien 
fnppofe SE a ray of light emitted 
by a ftar at S, and falling on the atmofpliere at E : 
this ray coming out of the ethereal medium, which is 
much rarer than our air, or peihaps out of a perfet^ 
vacuum, and falling on the furfacc of the atmolpherc, 
will be refrained towards the perpendicular, or inclined 
down more tow'ards the earth ; and flnee the upper air 
ia again rarer than that near the earth, and grows flill 
denfer as it approaches the earths furfac^, the ray in 
its progrefs will be continually refrafled, fo asto arrive 
at the eye in the cuive line EA, Then ruppofuig the 
right line AF to be a tangent to the arch at A, the ray 
will enter the eye at A in the dircfdion of AF; and 
therefore the ftar will appear in the lieavens at in- 
llcad of S, higher or nearer the zenith than the liar 
really is. 

Hence arife the phenomena of the crepufculum or 
twilight; and hence alfo it is that the moon is fomc- 
tirnes feen eclipfcd, when flic is really below lioii- 
zon, and the fun above it. 

That there is a real Refrafljon of the ftars &c, is 
deduced not only from phyfical conhderations, and 
from arguments R; priori, and a fimilKudine, but alfu 
from pjccife altronomical obfervation ; for there aie 
numberlefs obfervations by which it appears that the 
fnij, moon, and flars rife much fooner, ar.d appear 
hielier, than they fhould do according to aflronomical 
calcnlatioiis. Hence it is argued, that as iight.is pro- 
pagated-in right lines, no rays could reach the eye from 
a luminary below the horizon, unlefs they were de- 
flcfled out of their eourfe, at their entrance into the 
atmofphere ; and therefore -it appears that thc'rays arc 
fcfraaed iu Umo^pVer^. 

Hence the ftart appe^ higher by Refra< 5 lion than 
they really are ; fo that to bring the obferved or ap- 
parent altitudeH to the true, ones, the quantity of Re- 
fraftion. muft bt fobtisii^ted* . And bcocc, the ancients, 
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as they were not acquainted with this Rcfrailion, reck- 
oned tneir altitudes too great, fo that it is no wonder 
they fometimes committed coiifiderable errors. Hence 
alfo, Refraftion lengthens the day, and Ihortens the 
night, by making the fun appear above the'borizon a 
little before his riiing, and a little after his fetling. Re- 
fradlion alfo makes the moon and liars appear to rife 
foontr and fet later than they really do. The apparent 
diameter of the fun or moon is about 32'; the hori- 
zontal rcfraflion i 4 about 33'; whence the fun and moon 
appear ‘wholly above the horizon when they are entiiely 
below it. Alfo, from obfervations it appears tliat the 
Rcfiafl ions are greater nearer the pole than at lelfev 
latitudes, caufing the fun to appear fume days aljovc, 
the hoiizon, when he Is leally btlow^ it; douhllel) 
from the greater dcniity of the atinofplieie, and the 
greater oliliqiiity of tlie incidence, 

8tais in the zenith are not fiibjeiid to any Refradioii : 
thofe in the horizon h.we the gieatefl »)f all ; from the 
horizon, the Rcfiaftioji contiiuially dccreafcs to the 
zenith. All whicli follows from hence, that in the 
liHl cife, tlic rays_ are perptiulleiilar to the medium ; 
in the fecond, their obliquity is the greatell, and they 
pal's through the laigell fpace of the lower and df nfci* 
pait of the air, and through the tilth kell vapours ; and 
in the third, the obliquity is contiinully dccrcafing. 

The air is condenfed, and confeqiiently Refratlioii is 
increafed, by cold ; for which jcafon it is greater in 
cold countries than in hot ones. It is alfo greater in 
cold weather than in hot, in the fame country ; and 
the morning Refraftion is greater than that of llic 
evening, becaiife the air is rarehed by the heat of the 
fun in the day, and cuiulenfcd by the coldnefs of the 
night. Refrai^ion is alfo fubje^l to fome fmall vaila- 
tion at the fame time of the day in the finefl weather. 

At the fame alfitudes, the fun, moon, and liars all 
undeigo the lagac RefradiHon : for at equal .iltiludcs 
the incident rays have the firnc IiulIiiatioiU' ; and the 
lines of the refraded angles are ns the lines of the angha 
ot inclination, SvC. 

Indeed Tycho Brahe, wlio firil deduced the Re- 
fradiouK of the fun, moon, and liars, ftoin obfervation'i 
and whofe tabic (*f the Refiae^lion of the i** Uot 

much dldercnt born thofe of l iamlleed and Newton, 
cxeept near the lioji/mi, makes the folar Rdradions 
about gieatcr than thofe of the fixed ibi/s ; and the 
lunar Relrad'oris alfo f.>melinU'S gualer than thole of 
the* llurs, and fometime. K !.'» But the theory ol Re- 
fradious, found out by Soelbus, was \ioi tuUy iiudcr- 
llood iu Ilia time. 

The horizontal ReTia-fliun, being the great dl, Is 
the canfe that the fun and moon app'.ar of an oval form 
at their riling and fcttiiig ; tor tlie lon er edge of each 
being more icfradtd than iIjc nppn edge*, ilic perpeii** 
dicular diameter is flioitcned, and toe undtr edge ap- 
pcura more flatted alfo. — Hence alfo, if wc. lake with 
an inflriitnent the di/fance of two ffri/s when they arc 
in the fnmc vertien] muJ nc.ir the hunyoiif we (h >11 find 
it. coiifiderably klb ilvdu if we racafuve it* when l\\ey are 
both at fucU A At, to (aft'ev Uttk ot no Reft aaiou; 

bccaufe the lower ilar is more elevated than the higher. 
There alfo another alteration made by pKcfradiqii in 
the apparent'diftarice of liars : when two liars are in the 
femcimicADUCf ur parallel of <lcclinatioo>. their ap- 
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parent drftiince islcf* thin the true; for fince Refrac- 
tion, ma'iei each of them higher^ iu the azimuth or ver- 
tical in which they appear, if mull bring them into 
paitfiof the \eitical where they come nearer to each 
Other ; bccauie nil vertical circles converge and meet in 
the zenith. This coutradion of dillaiue, according 
to Dr. I (alley (Philof. Tranf. numb. 3C8) is at the 
I ate of at lealt one l^cond in a degree ; fo that, if the 
diilance between two liatii in a polition paiallel to the 
liori/.uii mearme is at moil to be reckoned 

only 59' 

The (Quantity of the Refradion at every altitude, 
ftom the horizon, ^\hclc it U gicatell, to the zenith 
whc'ie It ift nothing, has been determined by obterva- 
tion, by many allronoincis ; thole of Di. Btadh v and 
Mr. MH)ei are efteenud the moll coned of any, being 
nearly alike, and aic now nfed by moll ullronoiners. 
Dodor Bradley, fioin bis obfervations, deduced this 
very limple and general lulc for the Refradion r at any 
altitude a whatever ; viz, 

Hsrad. I : cotang, a T 3 r : : 57 " : the Refradion 

in fcconds. 

This rule, of Dr. Bradley’s, is adapted to thefe 
Hates of the baiomcter and thermometer, viz, 


or 30 ^ barom. atid 5$. thermometer, 

for both which ft^tei it mifwers equally the fame. But 
for any other dates the barometer «ttd thermometer, 
the Refradion above-found is to be correded in thij 
manner ; viz, if h denote any other height of the ba- 
rometcr in inches, and / the degrees of the thermomc- 
ter, r being the Refradion tiucorreded, as found in 
the manner above. Then 

as 29*6 : ^ ; r ; R the Refradion correded on ac- 
' count of ilie barometer, 

and 400 : 4^0 / R ; the Refiadlion correded both 
on account of the barometer and thermometer j which 

450 — / 

final correded Refi'adion is therefore = — li. 

1 i 040 

Or, to corred the fame Refradion r by means of the 
kilter Hate, viz, barom. 30 and therm', 55, it will be 
h 

as 30 ; ^ : r : R =: — , 

30 

nnd 400 : 455 : R = R = 

coned Rcfiadion. 

From Dr. Bradley ’srule,r = 57" X cot.fl + ^hc fol- 

lowing Tablcof the mean altronom. Refrac. Iscoir.putcd, 


Jlltan /IJironomical Rrftacims in /iltitude* 


Appaient .Refraction 
Altitude. I 


20 ,29 
25 29 
30 28 

35 27 

40 *7 
45 26 
50 25 

55 25 
o 24 
5 23 
10 23 
15 22 
20 22 
2^ 21 
20 21 
35 20 
40 20 

45 »9 

50 19 

55 *9 
o 18 

5 >8 
10 17 
15 17 
20 17 
25- 16 
10 16 

35 

40 15 
‘ 45 15 
50 15 

55 1^ 


App.ncnt | 

Altitudfl. I I 


g as; 

i 0 \ I, 

8 40 1 6 1 \ 20 %c 


az ::: 


3> ! 55 

27 I 56 


15 27 
7 '28 
o 129 

53 30 

47 31 

40 I32 

34 i33 

29 34 
23 35 

16 36 

9 37 

3 38 

57 39 

51 40 

45 41 

40 |42 

35 |43 

30 :44 
*4 45 

17 4^ 

10 H7 

4 48 
59 49 

54 50 
49 51 
45 5* 
39 I53 


20 1 58 

H I 59 


56 61 

51 63 

47 64 

42 65 

38 1 6 e. 

35 ^7 

31 68 

28 69 


16 73 

^3 74 

10 75 

8 76 

5 77 . 


59 80 

57 81 

55 8 * 

S3 83 

51 84 

49 85 

48 86 

ll 

44 

43 
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Mn Miycr fiqn hit rule wts deduced fivjm tlieoiy, 
lady when rcducw from French meefure and Reau- 
mur’s thentiomctei^^ to Englifli meafure and Fahren- 
heit’s thermotnetery it is thisy 

^ _ 74 -* 4 ^ j i7'l4fiiKfl 17*1 4 fin, tf t 

(!+ 00248/) i\ I +*00248/ (1+ 002480*' 

74*4^ X cof. X tan?, 5A , ^ . 

or r = ■ ■**' ■ tlic RcfraAiott in 

(i + *00248/)* 

feconds, corrcded for l)oth barometer and thermome- 
ter : where the letters denote the fame thingsi as beforcy 
except y/y which denotes the angle whole tangent is 

a/ 1 + *00248/ 

17* 14 fin. n 

Mr. Simpfon too (Dlflert. pa. 46 &c) has ingenioufly 
determined by theory the aftronomical Refractions, 
from which he brings out this rule, viz, As 1 to *9986 
or as radius to fine of 86^ 58^ 50'^, fo is the fine (>f any 
given zenith difiance, to the fine of an arc; then of 
tlie dlfft rencc between this arc and the zenith diUaiice, 
is the Reflation fought for that zenitiulifiuncc. Ami 
by this rule Mr. bimpfon computed a Table of the mean 
Refractions, which arc not much different fiom thofc 
of Dr. Bradley and Mr. Mayer, and arc as in the fol- 
lowing Table. 


Mr, Stmpfon'^s Table of Mean Refralitons, 


Appa- 

rent 

Alti- 

tude. 

1 Re fi ac- 

tion. 

Appa- 
1 ent 
Alii. 
tuJe. 

Refrac- 

tion. 

Appa- 

rent 

Alti- 

tude. 

♦ 

Refrac- 

tion. 


33 

o'' 

170 

2 t 

50" 

sS" 

1/ 

7 " 

I 

23 

1 

18 

2 

40 

40 

I 

2 

2 

17 

43 


2 

31 

4 * 

0 

.58 

3 

*3 

44 

20 

2 

23 

-t 4 

0 

54 

4 

1 1 

s 1 

21 

2 

16 

46 

0 

50 

5 

9 

10 ' 

21 

2 

9 

48 

0 

47 

6 

7 

49 

23 

2 

3 

50 

0 

44 

7 

6 

48 

24 

1 

57 

52 

0 

41 

8 

5 

59 


1 

52 

54 

0 

38 

9 

S 

21 

If) 

I 

47 


0 

35 

TO 

4 

- 50 i 

27 

1 

42 


0 

32 

It 

4 

24 ! 

28 

1 

38 

00 

0 

30 

12 

4 

2 ;l 

29 


34 

^5 

0 

24 

M 

3 

43 ! 

30 


30 j 

70 . 

0 

^9 

*4 

3 

27 1 

3 * 



75 

0 

H 

*5 

3 

»3 : 

34 

1 

>7 

80 

0 

9 

16 

3 


3 ^ 

i I 

12 1 

85 

0 

4 M 


It is evident that all ohfer>ved altitudes of the hca- 
^nly bodies ought to be dtminiihed by the numbers 
t^ken out of tho foregoing Table. It isvalfo evident 
tnat the Refraction dhninifhes thr right and oblique 
afeenhons of a ftar, apd incrcafcs the defeenfions : it 
increafesthe northern declination and latitude, hut dc 
creafes the fouthern : in the ealUrn part of the hea- 
vens it dirniiiilhes the longitude of a ftar, but in the 
wcAcrn part of the Ijeavens it incrcafcs the fame# 
u 


Rb FRACTION of Altitude^ is tn tre of a vertical ctrcle, 
as A By by which the altitude of a ftar AC is incrcafed 
by the Refradtion. 



Refraction and Defeenfton^ Is an ard 

DE of the equator, by which the afccnfioii and defeen- 
fion of a liar,' whether right or oblique, is increafed or 
diminifljcd by the Refraction. 

Refraction of Dreltnatlon, is an arc BF of a chela 
of dtclination, by which the declination of a liar DA 
or EF is increafed or diminifltedby Refradlion. 

Refraction of Latiiude is an arc AG of a circle of 
latitude, by which the latitude of a ftar AH is increafed 
or diminifhed by the Rcfradlion. 

Ri«:frA(;tion of Lonfitmk is an arc IH of the 
ecliptic, by which the longitude of a ftar is increafed 
or diminifiied by means of the Refrndion, 

Tirrejlrial Refraction, is that by which tericftrial 
objcdls appear to be raifed higher than they really are, 
in oblcrving their altitudes. 'I’he quantity of this !<c- 
fradlion is eftimated by Dr, Malkclync at one-tenih of 
the diftance of the objtd obferved, expreftVd in degrees 
of a great circle. So, if the dillancc be lODOO fa- 
thoms, its loih part icoo fathoms, is the 63 th part 
of a degree of a gieat circle on the c.irth, or which 
therefore is the Relrridb'on in the altitude of the objedl 
at that diftance. (Kequifjtc Tables, 1766, pa. lu). 

But M. Lt Gcndre is induced, he lays, by feveral 
exprnments, to allow only -,'^th pait ot the diftance 
for the Hefraftion in altitude. Si> tiiar, upon the dif- 
tance of loooo fathoms, the I4*li part of which is 
714 fathoms, he allows only 44^' of teiufl^ial Refrac- 
tion, fo many being conlaiued in tlie 71 j. Fulioms. Ste 
his Memoir concerning the Tiigunometiical opera- 
tioiis, 5 c c. 

Again, M. de Lainhre, an ingenious French aftro- 
nomcr, makes the quaiuity of the Tcrreliiial Refrac* 
tion to be the 1 1 th part of the arch 0' dift:ince. But the 
Eriglifh mcadirers, Col. Edw. Williams, Capt. Mudge, 
■and Mr. Dalb), fiom a nuihiturje of eyaiH. obfetvations 
made by them, dttermiue the rpiruitity of the medium 
Rcfraftion to be the iztli [lart of ihc faid diftance. 

The^qu;!nlity of ibis KefraO-tion, however, is found 
to vary conlklerahly, with tlie diffciviit ftates of the 
weather and atraofphcre, fiom the i^th pait of the dif- 
liwice, to the 9th p.irt of the fame ; the medium of 
which is the leth part, as above mentioned. 

Some whimfical tffeds of this Rcfra^lion . arc slfo 
related, arifing from peculiar fituations andlclrcum- 
ftanccs. Thus, it is laid, any perfon ftanding by the 
fide of themcr Thames at Gici^iwich, wbeo it. is high- 

water 






>‘at<r tWrc, lit canfeetlie t)^e bf 

Dbgfi^ which is tht tilt ^ihir f^e 

olf Uie^ river at llmt' place; W wlWiI it’' is' W-^^r 
there, he cannot fee any thing thcoi, as they are - 
hl<l from his view by thtJand iwll or bank on -the 
other fide > which Is raifed-' higher than the roarlh, to 
hei’p ont the waters of the river. 'I'his cunous effeft' 
jspiobibly owing to the moiH and denfe vapours, jtift 
ubovt and rifiug from the fiitfacc of thc water, being 
raifrd higher or liftc<l up with the furfecc of the water 
at the time of high tide, thiough which the rays paf?, 
and are the more rcfia^fed. 

Again, a limilar inllance Is re 1 ate(^ in a letter to me, 
from an ingciilons friend, Mr. Abr. Crocker of Frome 
in Someifctniire, dated January 12, i7C)y, “ My 
Devonfhlrc liicnd,” lays he, (vNhofe feat is in the vici- 
nity of the town of Modhury, 12 mileft in a geogra- 
phical line from Maker tower near Plymouth) “being 
on a pleafure fpot in luu garden, on the 4th of De- 
cember 1795, friends, viewing the fur- 

rojinding country, with an achromatic tclefcope, dc- 
feried an objed like a perpendicular pole (landing up 
ill the chafiu of a hedge wlilch bounded their view at 
about 9 miles dilbiiice ; which, from its diredion, wms 
conjeitfured to be the flagltafF on Maker tower. — Di- 
redling the glals, on the morning of .the next day, to 
the fame part of the horizon, a flag was perceived on 
the pole ; which corroborated'' the conjcdfure of the 
preceding day. This day’s view alfo difeovered the 
pinnacles and part of the flmft of the tower.—Viewing 
the fame fpot at 8 in the morning on the 9th of Ja- 
nuary 1794, the whole tower and part of the roof of 
the church, with other remote objedU not before no- 
ticed, became vifible, 

“ It Is ucceiTary to give you the ftatc of the weather 
there, OH thofe daya. 



Binomricr. 

Tlieimom. 

Wind 


Dec. 4 

39-93, nliifg 

36 0 

N, E. 

Froftymorning, 
a mill over the 
land below. 

5 

1794. 

29-97, 

'35‘i 

w. 

Ditto. 

Jan. 9 

30*01, falling 

29-8 

w. 

Hardw'hitefrqft , 
a fog over the 
lowlands; cleat 
inthtfurround- 
ing country. 


** Tlie fingularit'y of this phenomenon has occa- 
fioned repeated obfervations on it ; fropi all w'hich it 
appears that the fummer feafon, and wet windy. wea- 
ther, arc” unfavourable to this refradlcd elevation ; but 
that calm frofty weather, with the abfehce of the fun, 
arc favourable to it. 

“ From hence, a queftlon arifes; what islhe princi- 
pal or moft gtneral caufe of atmofphcric Kefradiion, 
which prodncca fuch extraordinary appearances P* . 

The following is alfo a copy of a Ictte^ to Mr. 
Crocker 6n this curious phenomenon, fiom his friend 
above mentioned, viit, Mr. John Ancuews, qf Tndnc, 
ntaf Modhury, dated the ift bf February 179J. 

FinJi^, by your favdur of hfli Subday, the pro- 


prejiariog, 

what wtiyv Wuf- 

ttafiv^ .of thoTc*obferwtiqns.wl hate endeavoured to 
^by di&fiht tints arid' thadea# l^hc ^unds 
whfe^lic^efirerormoreiemqfet but this will perhaps 
be better, explained by the fetters of reference, which I 
hkve; inferted as they may bciifervlbcable in future cor- 
■ rcfpondcnce*-rTl bclicvie/thc dr«w;ings, rough as they 
are, give a tolerably cxatl reprefentation of .theicencs : 
they may be properly" copied to fend to Loudon by one 
of your Ingenious fons, — f bate been attentive in my 
obfervations, or rather in looking out for obfervations, 
during the late hard frods, w'hich you will he furprifed 
to lean), have (except on one or two days) been very un- 
4>ropitious to t lie. phenomenon ; hut they have compeu- 
fated for that difappointrtient, by a difcovciy, that a 
dry froft, though ever fo intenfe, has no tendency to 
produce it. A hoarfroll, or that kind of dewy vapour 
which, in a fufiicient degree of cold, occalions a hoar 
froft, appears cfTentially ncccdary. This took phLC 
pretty favourably on the 6ih of January, when the ele- 
vation was equal to that reprefentCd in the third diaw- 
ing (fif plale 25, fg. 3), much like what it was on the 
9th of January 179}-, and confirnu'd me as to the cci- 
tainty of fome pccuHar appearances, hinted at in my 
letter of the 14th of that montli, but not there dc- 
feribed. What I allude to, was a fluduating appear- 
ance^ of two horizons, one above the other, with a 
complete vacancy between them, cxaftly like what 
may be often obferved looking through an uneven p me 
of glafs. Divers inftances of this were feen by my uru- 
ther and myfelf on the 6th of lad January ; continually 
varying and intermitting, but not rapidly, fo that they 
were capable of diftin£t obfervation. — Till that day I had 
formed, as I thought, a plaufible theory, to account fur, 
as well this latter, as all the other phenomena ; but now, 
unlefsmy imagination deceives me, I am left in impene- 
liable darknefs. The vacant line of reparation, you will 
take notice, would often increafe fo much in breadth, as 
to efface entirely the upper of the two horizons ; form- 
ing then a kind of dent or gap in the remaining ho- 
rizon, which horizon at the places contiguous to the 
extremitits of the vacancy, feemedof the fame lieight as 
the upper horizon was, before effaced. This vacancy 
was feveral times feen to approach and take in the tow cr, 
and immediately to admit a view of the whole or moll 
part of its body (like that in the third drawing) which 
w^as not the calc before : cxaftly, to all appearance, as 
if it had opened a gap for that purpofe io the intercepted 
ground. — It remains therefore to be determined by fu- 
ture obfervations, whether the reparation is effeded by 
an elevation of the 'upper, or dcpreflSoti of the low'<.r 
horizon; and if the latter, why the vacancy does nor 
caufe the tow^r to difjippeRr, as well as the intervening 
ground Aj an, Opportunity for this purpofe may not 

S)op oceiy, I hope you will not wait for hr in )Ok\\ 
commubTcattoOs to him is) . Dear Sir, yours 
very truly* . - ^ ^ ^ , 

. JoKu An^pxews.’* 

2*-^ the i^refentarioni In jjfetc' 25* of 'the appear 
%thrcc diffwep't ihtci pf at ihPfphcre, wuh 

tht tofenatioM bfthi^ ‘ - 
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KEFR ANGIBILITY of Lights the dlfpofiiion of 
the rays to be refrafted. And a greater or lefs Rc- 
franglbil'ty, is a difpofition to be more or lefs refin^^cd, 
in paiHng at equal angles of incidence into the fame 
medium. 

That the rays of light are differently icfrangiblc, is 
the foundation of Newton^s whole theory of light 
and colours ; and the truth and ciicumilanccs of the 
principle he evinced from fuch experiments as the 
following . 

K 





Let KO reprefent the windovv-nnittcr of a daik 
room, and F a liolc In it, throiiglr wluch the liglil 
pafles, fjom the hiriiinous objedt S, to t!ic glafs prifm 
ABC within the room, which rcfradls it towards the 
oppofite fide, or a fereen, at P'B, where it aj'pcais of 
an oblong form ; its length being about ri\etiiiHs the 
bu.ulth, and exhibiting the various colours of theiaiii- 
bow ; whereas without the intcrpolition of the piifin, 
tlic ray of light would have ptocceded on in Its firit di- 
icddlon to D, lienee then it follows, 

1, That the rays of light are rcfiangible. This ap- 

peal shy the ray being refradted from its original direc- 
tion SHD, into another one, IIP or HT, by pafling 
lliroiigh a djffeicnt medium. • 

2. That the ray SFII is a conipound one, which, by 
means of the prifm, is decompounded or feparated into 
it^paits, HP, M'F, dec, wlilcli it hence appeals arc 
all endued with different degrees of Refrangibilily, as 
they arc traiifmittcd to all the intcrmcdinlc points from 
T to P, and there })ainting all the (liileicnt colours. 

Fiom tills, and a great variety of other exjjciiment.s, 
Newton proved, that the blue rays are inoic lenai'ted 
tlian tile* icd ones, and that there is hkewdle nncijual 
rcbadtion in the intermediate ia) 3 ; and npun thewl.ole 
it appeal b tliat the fiiii’s lajs have Jiot all the (. inc Re- 
fiangibility, and eonfequcntly are not of the finK- i*a- 
turc. It is alfo obferved that thofe lays wliii h :i:e mnfl 
refrangible, are alfo moff rcdexiblc. Se-e* l\ i ii i \i- 
biliiy ; alfo Newton’s Optics, pa. 22 <kc, .dedit. 

The diffei enee lietween Rcti angilnlity and icllexibi- 
litvwae firll difcoverec} by b;r Ifaae Ncw’tmi, in 1671-2, 
ai d communicated to the Royal fJovictv, m a letter 
dated Feb. 6 of iJiat year, which was publi/hcd In 
tie. Philof. Tranf. numb. 80, pa. 3C75 ; and Irom tlrl 
tone It was vindicated by him, fiom the objcdtion . of 
f< VC ral anlhurs ; particularly ParJics, IVIai’oUc, 

Gr Lin, and other gentlemen of the- Lngliff college .tt 
Luge; and at length it was rrm'e fully laid down, il- 
luilr.jted, ar.d confirmed, by a gicat variety experi- 
ments, in his excellent trealile on Optic:. 

But larther, as not only ihcfe colonis of light 
pr<du :ed by rcfradlion in a prifm, but alfo thofe 
VoL. II. 


rcflc6Icd fiom opaque bodies, bavc their differcyrt de- 
grees of Refrangibilily and reflexibility ; and as a w-hitc 
light arlfes from a mixture of the fevernl colomed rays 
together, the fame great author concluded that all ho- 
niogtneous light has Its proper colour, coirefpnndmg 
to its degree of Rcban|‘il)ihry, and not capable or 
being changed by any iclltxions, or any rcfradioiis ; 
that the Inn’s light is eompoied of all the pnmaiy co- 
lours; and that alleonpound coloms aide fjoin the 
mixture <ff the j)iimaiy om;,, .!kt. 

The difierent dcgieosof RefiMiigibility, he cotijoi^hires 
to nrde Iroin the difieicnt nuignitnck of the particles 
compufing the diffcicnt Tims, tlie moll jtfr.in- 

gil)le rays, that is the led ones, he lupporestnay eonlill 
of the largcll particles; tlie leall lefiangible, i. c, the 
violet rays, of the Imallell particles; and the interme- 
diate ta\s, yellow, gieen, and bine, of pailielcs of 
ill! Cl mediate fi/.es. iSee Cormus. 

For the method of c on ccM iiig 1 he ciFe^!''! of the different 
Retiangihility of iliciaysot bght in glaf’c , lee Ahkr- 
Ration and 'Fk L i scori- . 

RIXtIH., or Rit;i L, a li\ed liar of the lull magni- 
tude, in the left foot of Oiion. 

RKHIOMON TANUS. See -/A;; Mulli r. 
Rl'iGlON, of the Air or At molplicre. Ai-lhors 
divide the atmofphere into thice llagcs, called the up- 
pel, middle, and lowei Regions. — 'The lovvell Region 
13 that in which we breathe, and is bounded by the jc- 
llex'ioM of the i'un’s ravs, that is, by the liciglit to 
which they rebound from tlie caich, — 'Fhe miildle Re- 
gion is that ill winch the clouds iclidc, and wdieie me- 
te ois ate tormed, ^ce ; extending Iroin the cxticmity 
of the hnvelt, to tlic tops of the bight il inoiintalns. — 
The upjier Region commenecs front the tops of the 
mountains, anti reaches to the iitmoll limits of the ai- 
molplare. In this Region theie piobibly rci,.,!i> a 
perpetual c<jiia!)Ic calinncfr,, ele-tuK-r, an<l leieinty. 

JClctvei.'ii) \ Kfgion, neioiding to the A idloteliiirB, 
is a fpheic teiminated by tlic coiuMviiy ol the moon’s 
oi'b, eomprtli. nding the earth’s atmt)|p!MC, 

K:J)nial i’L-tJiON, is tiic vJiolc exo nr of the mii- 
vcile, coinpi ifing all th; 1 - .1 v .ni'. With tlie cjib^ ol tlic 
fix* d fiat'-' and olhtn (tkfiiai litHl:-. 

Rtc.tON, in (j’ci.'pj ipio , a tonniiy or pai t ii nl, ir di- 
c ’'ion of tiic c uth, ui .c ti c t o[ land iiih.diit* *1 by peM- 
j/le Ol th* laiiK’ nali'jn. 

i< I ' • /* '.S’ /I/'-,.;/. iMohtii 'll! ronmiK I i, dNj<Ie 
tht in-jt-n i.iti; ! .^i.d Rtgioiis, t-r jo-ounei, to ea^-li (ff 
w hi^ h tle.y got its ptopt 1 1/ ri.. . 

K I o ION*. 0 / tl c .V^/, aic till to o p II ts int*i w hieh the 
whole dt jidi of liu 1* a f . ( oiu mv* d to be div'de 1. 'riie 
lipp'.i of ihti'c extends ) 0 ’V\ toe luiiua- ol Jn* walti, 
down a . loiv a' theiaysofth* t' , m p.< an.r ex 
Un4 their influ* nee ; ' '' - iouui K. giw,. (Xttitd* 

ixjrn thence to the h. w^uK-fll ’ I a. 

Hubt^tuih in JL-ciox , 'I'lufc arc tlnee, into 
wh'.u tlie earth is divided, at d th rent b* hov ilio 

fuitace, ace-nJing to ddh icnt d gict.i of <'*j)(l or 
warmth ; and it i.imapirad that the 2d tn middicmolt 
offhel** Reg;* ns ii. the cold* U of the thice. 

RLCHS (IbnKR SvhvviN), a hient h plnl >fo!)bcr, 
and gicat propagator ol C'at tefiamfm, veaa bom ia 
Age ii 018 1632, 

He lludicd the languages and phtlofophy unr]*'r • 

2 z Jefuit* 
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i lefuitiat CahorB^ and afterwards divinity In the unWer- 
ityof that town, being defigned for the church/ His 
progrefsin learning was fo uncommon, that at the end 
of four years he was offered a doAor's degree without 
the ufual charges ; but he did not think it became him 
till he rtrould iludy alfo in the Sorbonne at Paris. He 
accoidingly repaired to the capital for that purpofe ; 
hut he foon became difgufted with theology ; and, as 
the philofophy of Dcs Cartes began at that tlrrte to 
make a noife thioiigh the lectures of Rohaiilt, he con- 
ceived a tade for it, and gave himfclf up entirely 
to it. 

Having, by attending thofc Icflurcs, and by clofe 
ftudy, become an adept In that philofophy, he went to 
Touloufc in 1^65, where he fet up ledures in it him- 
fclf. Havliijj a char and fluent manner, and a happy 
way of explaining Ills fubjed, lie drew all forts of peo- 
ple to hisdifeourfes; the magiftiates, the literati, theec- 
clcfiaftits, and the very women, who all now affeded 
to renounce the ancient philofophy. 

In i6yi, he received at Montpellier the fame ap- 
plaufes for his ledurea as at Touloufe. Finally, in 1680 
he returned to Paris ; where the concourfe about him 
was fuch, that the fticklcrs for Peripatcticifm began to 
be alarmed. Thcfe applying to the archbifliop of Pa- 
ris, he thought it expedient. In the name of the king, 
to put a flop to the Icdurcst which accordingly were 
dlfcontinued for fcveral months. Afterwards his 
whole life wasfpent in propagating the new philofophy, 
both by Icdurcs, and by publifhing books. In defence 
of his fydem, he had dilputes with Huct, Du Hamel, 
Malbranche, and others. His works, though abound- 
ing with ingenuity and learning, have been neglcded in 
confc^ucnce of the great dlfcoveries and advancement 
in philofophic knowledge that has been fince made. — 
He was chofen a member of the Academy of Sciences in 
1699 ; and died in 1707, at 75 years of age. 

His works, which hepuhlidied, are, 

X. /I Syfiem of Phllofofhy i containing Logic, Me- 
taphyfics, and Morals ; in 3690, 3 vols in 4to,# being 
a compilation of the different ideas of Dcs Cartes.— It 
was reprinted the year after at Amllcrdam, with the 
addition of a Difeourfe upon Ancient and Modern 
Philofophy, 

2. The Ufe of Renfcn and of Fal:!j, 

3. An Anfwcr to Hucl’s Ccnfnres of the Cartcfian 
Philofophy ; and an Anfwcr to Du Hamel’s Critical 
Reflections. 

4. Some pieces agalnd Malbranche, to fliew that the 
apparent magnitude of an objeA depends fokly on the 
magnitude of its image, traced on the retina. 

5. A fmall piece upon the (jueflion, Whether Plca- 
fme makes our picfcnt happincls ^ 

REGRESSION, or Ri, trogradation o/* Curves, 
kc. See Retrogradation. 

REGULAR Figure, in Geometry, is a figure lh.at 
Is both equilateral and equiangular, or having all its Tides 
and angles equal to one another. 

For the dimenfioas, properties, &c, of regular fi- 
guies, fee Polygon. 

Regular Body, called alfo Platmnc Body, is a bo- 
dy or folid comprehended by like, equal, and regular 
plane figures, and whofe folid angles arc all equal. 

The plane figures by which the i'olkl is contalR- 


ed, are the facet of the folid* Apd the fidet of 
the pbne figures are the edges, or linear fides of the 
folid. 

There arc only five Regular Solids, vfz, 

The tetraedron, or regular triangular pyramid, haf« 
ing 4 triangular faces ; 

The hexaedron, or cube, having 6 fquarc faces ; 

The odaedron, having 8 triangular faces ; 

The dodecaedron, having 12 pentagonal faces ; 

The icofaedron, having zo triangular faces. 

Bcfidcs thefe five, there can be no other Regular Bo- 
dies in nature. 

pROB. 1. To confruB or form the Regular Solids 

See the method of deferibing thefe figures under the 
article Body. ' 

2. To find either the Surface or the Solid Content of any 
of the Regular Bodies . — Multiply the proper tabular 
area orfurface (taken from the following Table) by the 
fquare of the linear edge of the folid, for the fuper- 
ficies. And 

Multiply the tabular folidity, in the lad column of 
the Table, by the cube of the linear edge, for the fo- 
lid content. 


Surfaces and Solidities of Regular Bodies, the fide being 
unity or i. 


No. of 
fulet. 

Name. 

Surface. 

Solidity, 

4 

Tetraedron 

1-7320508 

0*1178^1^ 

6 

Hexaedron 

6*0000000 

I *0000000 

8 

Oflacdron 

3*4641016 

0 

0 

4^ 

12 

Dodecaedron 

20*6457788 

7-663 1189 

20 

Icofaedron 

8*6602540 

2*181691^0 


3. The Diameter of a Sphere being given, to find 
the fide of any of the Platonic bodies, that may be ci- 
ther inferibed in the fphere, or circumfcribcd about the 
fphere, or that is equal to the fphere. 

Multiply the given diameter of the fphere by the 
proper or correfponding number, In the following Ta- 
ble, anfweiing to the thing fought, and the product will 
be the fife ot the Platonic body required. 


The di.im. of a 
Ipliere b.:ing i, 
the fuk* of a 

Th.it may be 
mfcnheil inthe 
fphei’e, li 

That m.ay be cir- 
cunifci ibed about 
tlic fpiiL'i c, is 

That is equal 
to the fphere, 

IS 

Telracdroa 

Hexaedron 

Ottaedron 

Dodecaedron 

Icofaedron 

0*816497 

0*577350 

0*707 307 
0*525731 
0*356822 

2-44948 
1*00000 
1*224'4 
0*661 58 
044903 

1-64417 
0*886 10 
••05576 

0*62 153 
0*40883 


4. The fide of any of the five Platonic bodies being 
gi\en, to find the diameter of a fphert, that may either 
be inferibed in that body, or circumfcribcd about it, or 
that is equal to it. — As the refpc< 5 tive number in the 
Tablcoibovc, under the title, inferibed, circumfcribcd^ or 
is to ], fo is the fide of the given Platonic 
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body, to the diameter of iti iofcrlhedt circumfcrlbed, 
or equal fpherc. 

5. The fide of any one of the five Platonic bodies 
being given ; to find the fide of any of the other four 
bodies, that may be equal in folidity to that of the 
given body. — As the number under the title equai in 
the laft column of the table above, agninfl the given 
Platonic body, is to the nunaber under the fame title, 
againd the bod)’- whofc fide is fought, fo is the fide 
of the given Platonic body, to the fide of the body 
fought. 

See dcinonftrations of many other properties of the 
Platonic bodies, in my Menfuration, part 3 fe^l. 2 
pa. 249, ScCf 2d edition. 

RrGULAR (.urvf, SccCuavE. 

REGULATOR of a ir^tch, is a fmall fpring be- 
longing to the balance, ferving to adjufi the going, and 
to make it go either farter nr (lower. 

REGULILS, in Artronomy,a (larof the firft mag- 
nitiule, in the conrtellation Leo ; called allb, from its 
fit (union. Cor Leohis^ or tlie J. ion's IJrnrt ; by the 
Aiahs Afhaiwr \ and by the Chaldeans, Knlhckccf or 
KarheJi'cad \ fjoin an opinion of its innnencing the 
alTairs of the lieavens ; as Theon obfcives. 

The longitude of Regiilus, as fixed by Flamlltcd, 
is 25° 31' 21^^, and its latitude 0° 26' 38'' north. See 
Lro. 

REINFORCE, in Gunnery, is that part of a gnn 
next tlie breech, which is made fironger to refill the 
force of the powder. There arc ufually two Rcinfoiccs 
in each piece, called the firft and fecond Reinforce. 
T’he ftcotid is fomewhat fmaller than the firrt, bc- 
caufe the inflamed powder in tliat part is Icfs 
llrong. 

Reinforce Rings of a cannon, are flat mouldings, 
like iron hoops, placed at the breech en(f of the firft 
and fccond Reinforce, projetling beyond the reft of the 
metal about a quarter of an inch. 

REINHOLD (Erasmus), an eminent aftronomer 
and mathematician, w’as born at Salfeldt in Thuringia, 
a province in Upper Saxviny, the lith of 0 <floDer 
131 1. He ftuclied mathematics under James Milichi 
at VVittemberg, in which univerfity he afterwards be- 
came profclTor of thofc fciences, which he taught with 
great applaufe. After writing a number of ufcful 
and learned works, he died the 19th of February 1553, 
at 42 years of age only. His writings are chiefly the 
following : 

r. theorist nova Planetarum G. Pnrlachiiy aug- 
mented and illuftrated wirh diagrams and Scholia in 
8vo, I ^42 ; and again in 1 580. — In this work, among 
other things worthy of notice, he teaches (pa. 75 and 
■;6) that the centre of the lunar epicycle deferibes an 
oval figure in each monthly period, and that the orbit 
of Mercury is alfo of the fame oval figure. 

2, Piolomfs Almngfjl, the firft book, in Greek, 
'Gth a Latin verfion, and Scholia, explaining the 
more obfeure paffages ; in 8vo, l ?49*— 'At ilic end of 
pa. 123 he promifes an edition of Theon Commen- 
Uries, wliich are v^ry ufcful for underftanding Pto- 
lomy’s meaning ; but his immature death prevented 
Reinhold from giving tliis and other works which he 
had projeAtd. 

3. Prutenica TahuU Calejium Motuumf in 4to, 


* 55 * i M71 t Reinbol^ 

fpent fevcij years labour upon this work* in wliich he 
waa aflilled by the munificence of Alberr, duke of 
Pruflia, from whence the tables had their name. Rcin- 
hold compaicd the ohler\ations of Copcrnicii. with 
thole of Piolomy and Irippmchus, from whet ee he 
conrtruded ilicfc new tables, the ufes of which he 
has fully explained in a great number of nif ccpts : ;i J 
canons, foimiug a complete iutrodiidion to piaCt'. d 
alh-ononiy. ' 

4. Primus hher fah/I^irum DirrAtumnn \ to whicii 
aic added, ll>c Canon PfiuriduSf or Tiblc of Tangents, 
to every minute of the (piodiant ; and Ni w Tables of 
Climates, Parallels and Shadows, with an Appendix 
containing the fecond Rook of the Canon of Direc- 
tions ; in 4I0, 1 554. — Reinhoid here Uipplies uhat \vn3 
omitted by Regiomontnnus in his Table of DiicLiions, 
&c ; flicwing the finding of the fines, and the conilrnc- 
tion of the tangents, the fines being fount! to cteiy 
minute of the quadrant, to the radius 10,^00,000; 
and he produced the Oblique Afetnlitms from 60 de- 
grees to the end of the qiiadiant. lie teaelufl alfo 
tlie ufe of thefc tables in the foliition of Iplieric^l 
problems. 

Reinhold prepared likewife an edition of many otlier 
works, which are enumeiated in ihc Emperor’s IVivi- 
lege, prefixed to the Frutcnic Tables, Namely, Ephe- 
mcrides for fevcral years to come, computed fiorn the 
new tables. Tables of the Rifing and Setting of feVc- 
ral Fixed Stars, for many diflercni climates and times. 
The illullration and dlablilhment of Chronology, by 
the cclipfcs df the luminaries, and the great conjiinc* 
tionsof the planets, and by the appearance of comets, 
See, The Ecclefiaftical Calendar, The Hiflory of 
Years, or Allronomical Calendar, dfigoge Shherica^ 
or Elements of the Dddrinc of the Primum Mobile. 
Hypoty/sofes Orbium CaUJliuniy or the Theory of JNanets. 
Conrtriittlon of a New C^adrant. The Dodlrine of 
Plane and Spherical Triangles. Cominintaries on the 
vvoik of Copernicus. Alfo Coinmentaiies on the 
15 books of Euclid, on Ptolemy’s Geography, and 
on the Optics of Alha/en the Arabian.— Keinhold alfo 
made Allionomical Obfervations, but ftdth a wooden 
quadrant, which obfervations were feeii by Tycho 
Brahe when he palled through Wittemberg in the 
year 1575, 'vho wondered that fo great a cultiva- 
tor of ailronomy was not furnilhcd with better iuflru- 
me»^its. 

Rcinhold left a fon, named alfo Erafmus after him- 
fclf, an eminent mathcmatici.in and phyfieian at 
Salfeldt. He wrote a fmall woik in the German lan- 
guage, on Subterranean Geometry, printed in 410 at 
Frfint 1575. — He wrote alfo concerning the New 
Star which appeared in Cafliopeia in the year 1572; 
with an Aftrological Piognollication, publilhcd in 
J5'}4, in the (tci man language. 

RELAIS, in Fortification, a F’lcnch term, the 
fame with her me, 

RELATION, in Mathematics, is the habitude or 
refped of quantities of the fame kind to each other, 
with regard to their magnitude ; more ufually called 
ratio , — And tlie equality, identity, or famcnefs of two 
fuch Relations, is called proportion. 

Rklation, Inharmonieaf^ in MuficaJ Compofition, 

Zz 1 U 
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18 that whofe extremes form a falfe or unnatural Inter- 
val, incapable of being fung.— This is otherwife 
called a falfe Relation^ and (lands oppofed to a ju(l or 
true one. 

RELATIVE Gravhy, Li'vtlyy Aloiiony NccfJJlty^ 
PLufy SptuCf Tivic^ P\tfjiity^ ^c, isec the lL\eial 
fubll.iniivep. 

RELIEVO, 1)1 ArLhitttftiiro, denotes the Tally or 

projei. 4 (ire of .-inv 

Rl'AiAiNLTR, the difference b(t\vee.i two 
qnaiit;tlts, oi that whieli ib Eft after lubtradling one 
froi'i the oth^ r. 

Ri'.NxOEE 1 N(L in Eiiildfng. Sec Parcp rr\c!. 

REhELi.lXO ill PIi)hLs, is a ciiiaiii 

power or laeuhy, iwlKiing in the minute partides of 
natural bodns, by winch, uruh r ceitain clrLimillances, 
they miituaily fiy finrn eaoh otlitr. I’his is the Kvcile 
or oppoftc of the attiMilive power. Newton flicu?, 
from obfervation, that filch a loioe does really e\ilt ; 
and he ai^ous, that as m aluchia, where po(lti\e 
qnautitii,b’ ceafe, lluic i e)juli\e ones liegin ; fo in pliy- 
licT, wheie the attraelivv force ceafes, there a Repelling 
loiee mull btgin. 

As the IL pcllin’,; power feetrs to ?rlfe from the lame 
pi It.cij le as tile allricti^e, only txciciled under diffc- 
iiiit cn\:iimlhuiei s it is guvonetl l)y the lame laws. 
Now tile alto^tivc jmwei wc find is (lionger in fmall 
bodies, than in j'^ieai ores, in pie;p<ntion to the maifes ; 
tlicreloie the Riptlliiig is fo too. But the lays of 
light aie the moll inuiulc bodies we know of; and 
theiefuie tlieii Rejielling forte imifl he the giealell. 
It is computed by Newton, that the attrai^livc foice of 
tlie rays of light is abo\e ic'coooocoooooooo, or one 
thoiiland million of millions of times {hunger than tlic 
force of gravity on the fui fae<' cf the* eailli: hence 
arlfes that iuconcclvablo \ekieity with whicli light mull 
move to leach hum the fun to the caith in little more 
than 7 minutes of time. Vor the rays emitted from 
tlie Ijudy of the fun, by the vihiating nu>tion of its 
parts, are no looiur got without tlie ipheie ot altiac* 
tion of the fun, tluin tliey eome within the adion of 
the R' polling power. 

'^i'he elallieity or Iju ingini Is ot bevdies, or that pro- 
perty hy which, after having il.eir liguie altered by an 
external toree, they letuin to their former (hape 
again, fe-llows hum the Repelling power. See Re- 
puls ion. 

RtlM'v RCUSSION. See RirLu^rioN, 

REEETENlh in Aritimutic, denotes that part of 
an inlinite decimal fiadion, which i.? continually re- 
peated ad inliniluin. Thus in the numbers 2*13 13 13 
^c. the figures 13 arc the Repetend, and marked thus 


Thefe Repetends chiefly arife in the redudion of 
vulgar tradions to decimali. Thus, ^ 0*333 

=20*3; and 01666 fee — 0*16;. and ^ = 
0*142857 142857 kc -- 0*142857. Where it is 

to be obftrved, that a point is fet over the figure of a 
fingle Repetend, and a point over the lirll and lull 
figure wlan tiieu rue I'evtral that repeat. 

Repclendfi are either or i-mpcuml* 

A •Smjj/e Repetend 13 that in wliich only one figure 
repeats ; as 0 3, or o’ 6, &c.. 


A Repetend, is that in which two or 

more figures arc repeated ; as *13, or *215, or *142857, 
&c. 

Simihir Rfpetends are fuch as begin at the fame 
place, and Confift of the ' fime aumber of figuies ; as 
•3 and *6, or 1*341 and 2*156. 

D\[ftmilar Repetends begin at dilFercnt places, and 
confill of an unequal number of figures. 

To jiiui the Jinile ralut vf any Repel or to re- 
duce it to a Vulgar Fraction, Take the given repeat- 
ing figinc-or figures for the numciator; and for tlie 
denominator, take as many 9's as there are recurring 
figures or places in the given Repetend, 


So *3 -L ; and *05 -- ‘o — \ 

9 3 9 9^ 1^; 

, ■ ‘ ^23 41 ■ , ; • 63 7 

and * 123 — ™ — - ; and 2*03 ™ 2 — r:; 2 — r 

9/9 333 ‘ • 99 


and ‘059 {405 


W440$ 

9999990 


Jl. 

280’ 


and • 769' 30 


7692 30 ^ 10 
9999^)9 ' 3 ’ 


Hence it follows, that every fuoli infinite Repetend 
has a certain determinate and finite value, 01 can he 
cxprelhd hy a leimmatc vul)(ar h action. And coiifi:- 
ijiiently, tlnil an infinite decimal whieh doeb not ii.- 
peat or e 11 dilate, eannot be completely cxprelfed by a 
finite vulgai fradtion. 

ll may farther be obferveil, that if the numerator of 
a vulgar fradion be l, and the denominator any 
prime number, except 2 and 5, the decimal whicli 
(hall be eepial to that vulgar iiaction, wfill always be a 
Repetend, beginning at the full place of decimak; 
cUkI this Repetend mull nccedarlly be a fubmultg :e, 
or an aliquot pait ot a number exprelfed by a? ma’iy 1/' 
as the Repetend has figures ; that is, if tiie Kepae.ul 
have fix figures, it will be a fubmultiple c-f 999->i9 ; 
if four figuies, a fubmultiple of 9999 «f\.e. hi uni 
whence it follow vS, that if any prime nimiber h. 
Called the ftnes 9999 <Scc, pioduced as far :.s 
is iiecellary, w’ill always be divifible by />, and t!ie 
quotient will be the Repetend of the decimal fiaillion 


RESIDUAL Figure, in Geometry, the figure re- 
maining after fubtratding a lefs from a greater. 

Residual Rooty is a root compofed of tv,»o parts or 
members, only conncdled together with the flgn — cr 
minus. Thus, « — or 5 — 3, is a refidual root ; and 
ks fo called, becaufc its true value is no more than the 
refidue, or difference between the parts- and 01 5 
and 3, which in this cafe is 2* 

RESIDUUM cf a Charge, in Eledlricity, firll dif* 
covered by Mr. Gralath, in Germany, in 1746, is that 
part of the charge that lay on the uncoated part of a 
Leyden phial, which does not part with all its tleddn- 
city at once ; fo that it is afterwards gradually diffulcd 
to the coating. 

RESISTANCE, or Resisting Force, in Phyfic?, 
any power which adls in oppofition to another, fo as to 
dellroy or diminilh itaeffed^ 

Thtnc 
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There are Wiotis kinds of Rcfiftancc, ariTing from 
the various natures and properties of the refifting; bo- 
dies, and goycmed by vanoiis laws; a<!, tlic Re- 
finance of lolids, the Refiftance of liuids, the Re- 
firtaocc of the air, &c. Of each of thele in their 
order, as below. 

Kzsistasce of Salidft in Mechanics, is the forre 
with which the auielccnt parts of folk! bodies oppofe 
the motion of otlicrs conti^ruons to them. 

Of thefc, there arc two kinds. The iiWl wln-ic the 
refdlinf^ and the refided parts, 1. e the movin-r and 
quicfccnt bodies, arc only coiitii^nous, n:iil do not co- 
here ; court ituting feparate bodies or m.irt'es. Tin's Rc- 
fdla'icc is what Leibnitz calls Rcjlfinncc of ihc fnfjrc^ 
but which is more projicily cclleil yi/r/zo/i : for the Jaws 
of which, fee tlic artiile Friction. 

The fccond cafe oJ JLliftancc, is where the refill- 
ing and rerttUd parts arc not only contiguous, butcohcic, 
being parts of the fame continued body tir mafs. 
Rcliltance was th ll conlidcred by Galileo, and 
p.opcrlv be tailed inu.^n, y, 

^\s to wh It i\';;,i,ds the Rertllance of budlc s when 
rt iiv k by ctiKis in n''>lion. Ice Plrcu:-sio’v, ai, 1 

Co’ IJSION, 

7 /' '.fy of the 7 \Jj\:rcr of //>> Fibres of S /•,/ /> .vcf. 
— 'I'o t''ncuve an uiui ut this Ktrtllnnct', or lenlur.cy 
<d the paiLs, Jii])pcdj a cybndiical body rnlpciidal ver- 
tlcilly by one end. Here all its paits, b* ing heavy, 
tend ib)\snw,ndH, and endeavour to feparate the two 
conll .;iioiis planes or fi, faces wlicre the body is the 
weakeil ; but all the paits of them rdlll this reparation 
by the foi'ce with winch they cohere, or are bound to- 
gether. Here thcii aie two oppolite powers ; viz, tha 
wei dit of the cylinder, wlncli tends to brcvok It; and 
t le iiuce of cuhcfion ot the paits, which rclifts the 
fiadiire. • 

If now the bafe of the cylinder be incrcafed, with- 
out intrealing its Icngtii ; it is evident that both 
the Relirtance and the weight will be incrcafeil in 
the fame intio ns the bafe ; and hence it appears that 
all cyliiideis of tlie fame matter and length, whatever 
their bales be, have an equal Refirtanee, when veitically 
fufjTcnded, 

But if the lengtli of the cylinder be incrcafed, witli- 
out increafing its bafe, its weight is incrcafed, while 
theRcrdtance or llrength continues unaltered; ennfe- 
quuitly the lengthening has the effedt of weakening it, 

01 incrcalcs it.s tendency to break. 

Hence to hnd the greatell length a cylinder of any 
niatter may have, when it jull breaks with the addition 
<'f another given wciglit, we need only take any cylin- 
der of the fame matter, and faften to it the Icali weight 
that is jurt lidlicient to break it ; and then conJ'der Itow 
‘■H ieh it murt; be lengthened, fo that the .vcight of the 
pait added', together with the given weight, may be jull 
equal to that weight, and the thing is tione. Thus, 
let / denote the firll length of the cylinder, c its 
Weight, jr the given weight the lengthened cylinder is 
to bear, and <w thc'Ieall weight that breaks the cylin^ 
der 4 alfo .v the length fought ; 

then as / : A’ : • — rr the weight of the longed: 
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weight jpf mull be equal to c together with the weight 
w ; hence then ® 

— + ^ f d- ; therefore .r = "“A /_ the 

whole length of the cylinder fought. If the cylinder 
miifl: juli break with its owm weight, then is jr o, 

and Ut that cafe .v / is l^ngji, 

that jurt breaks by its owui weight. By this means 
Halilco tound that a copper wire, and of courcquencc 
any other cylinder of copper, miglit be extended to 
qooi br.iccios or iathoms of 6 feet each. 

H the cylinder })e iKcd by one end iiifon wall, with 
the axis hoi izontally ; the foicc to break it, and its Re- 
/irtance to Ji .udure, will here he both dillcient ; a.s both 
the w-cight to caiife the fiaduie, and the Relillanee of 
the kbits to oppofe it, are eoml)iiied with tlie eflHU 
of the lever; for the weight to caufc the Iradme, 
whether of tlie weight of the beam alone, oi coinhinetl 
with an adi^itional weight hung to it, is to lie luppofcd 
colleded into the cciilic of giavily, where it is con- 
Jl'hied as ading by a lever equal to the ddlance of 
that teiiLie beyond the fate of tlie wall whttc the ev- 
lindcr or otiici prifm is fixed ; and then the produa of 
the fiid whole w-eight and diitance, will he the mo nen- 
tuin or force to break the prifm. Agahi, the Re- 
fillanee of the fibres may be fuppofed colleded into 
the ccntie of the tianlverfe feHioii, and all ading thciss 
at the end of a le\ei etpi.il to tlie vcitical lemidianieler 
of the fedion, the lowed jioint of that diametei bang 
iinniovealilc, and about which the wIkiIc diametci liiins 
when tlie pi iiin bic.ik.; and henct the piodudt of tlie 
adhclive force of the iibie^ nmltiplicd by the laid lenii- 
dianicter, will be the motneiitnm of Rclillance, and 
mull be equal to the fuinier mvjmcntum when the 
piiim jurt bleaks, 

1 fence, to lind the le ngth a prifm will hear, fixed fo 
hoii/ontnllygbcfoic it biviks, uthcrhy its own weight, 
or by tiic adilition of any adventitious wciglit ; take 
any lengtli of fudi a piifn., and load it with wvight^ 
till it jull hieak. Tlieu, put 

/ -■“ the length of this prifni, 
e - - It-. Weigh:, 

vu ih< weight that buaks it, 

</ -- dilfanee or weight 'zc, 

^ 1 ^ ~ aii) gM’'’in w’e/glit to beboiiie, 
r/ ■= Its di.laiiee, 

.V “ the length uquirekl to bieak. 

Then / ; .V ; ; 


and 




the \vt ight of the prifm .r*^ 
its momentum ; alfo 


the muiucnturn of the weight ,7 ; therefore h jj 

2/ 

the momentum of the prifm .v and its added Weight. 
In like mani.er ‘z/ + rz'zi; i-. that of the former 
or fhort pnTm and the weight that biake it; conle- 


^ykndcr fought } and this, together with the given 


quently + if, 

azv -F £ r/ — d^ 

V ^ 


i r/ -F and 


X 2/ Is the length fought, that jufl 
brcakl 
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breaks with the weight ^ at the difl'toce d. If thii 

weight ^ be nothing, then x =» x 2/ 

1* the length of the pnTm that juft breaks with its own 
WTi)iht. 

If two prifins of the fame matter, having their bafes 
and lengths in the fame proportion, be fulpended ho- 
rizontally ; it is evident that the greater has more 
weight than the leffcr, both on account of its length, 
and of its bafe ; but it has lefs Kcfiftancc on account 
of its length, conlidered as a longer arm of a lever, 
a!id l»as only more Refillance on account of its bife ; 
thcti ii-re it exceeds the Icfl’cr in Its momentum inoie 
liian It does in its Refiftance, and conlcijoenlly it muit 
bu-.ik more ealily. 

Hence ippcais the leaTon why, in making frnall ma- 
cliines and mode Is, people are apt to be mKlaken as to 
the Reliilance and llicngth of certain horizontal 
pieces, V. lu’u t’fa) Lome to execute ih.eir dcfigiis in 
large, by obfciving the fame proportions as ia the 
final I. 

When the prifm, fixed vertically, is juft about to 
break, theic is an equilibrium between its politlve and 
relative weight j and conrcqucritly thofe two oppoiitc 
powers arc to each otlier reciprocally as tl:c arms of 
the lever to which they are applied, that is, as half the 
diameter to half the axis of the prifm. On the other hand, 
the Ktliftance of a body is always equal to the greateft 
weight which it will juft fuftain In a vertical pofition, 
that is, to its abfolutc weight. Thei;efore, fubftitut- 
ing the abroluic w’cight for the Rcfiftance, it appears, 
that the abfolutc weight of a body, fufpended hori- 
xontally, is to its relative weight, as the dillance of 
itsccnticof gravity from the fixed point or axis of 
motion, is to the oiftance of the centre of gravity of 
its bafe from the fame. 

The difeovery of this important truth, at leaft of an 
equivalent to it, and to which this is reducible, we owe 
to Galileo. On this I'yftcm of Rcfiftance of that author, 
Mariolle made an ingenious remark, which gave birth 
to a new fyftcin, Oaldeo fuppofes that where the body 
breaks, all the fibies bnak at once ; fo that the body 
always lefilU with its whole abfolute force, or the 
whole force that all its fibres have in the place where it 
bleaks. But Marlotte, finding that all bodies, even 
glafs itfelf, bend before they break, (hews that fibres 
are to be confidered as fo many little bent fprings, 
which never exert their whole force, till ftretched to a 
certain point, and never break till entirely unbent. 
Hence thofe neareft the fulcrum of the lever, or lowed 
point of the fradiire, arc ftretched lefs than thofe far- 
ther off, and confequcntly employ a lefs part of their 
force, and break later. 

This confideratlon only takes place in the horizontal 
fituation of the body ; in the vertical, the fibres of the 
bafe all break at once ; fo that the abfolute weight of 
the body muft exceed the united Rcfiftance of all its 
fibres ; a greater weight is therefore required here than 
in the horizontal fituation, that is, a greater weight is 
required to overcome their united Rcfiftance, than 
to overcome their feveral Rcfiftanccs one after an- 
other. 

Varignon has improved on the fyftcm of Marlotte, 


««d Ihewn that io^QttVkfdi fyftero, it addt the confide- 
ration of the centre of percuifion. In each fyftem, the 
feflion, where tl*c body breaks, moves on the axis of 
equilibrium, or line at the lower extremity of tlie fame 
fcilion I but in the fecorul, the fibres of this fcdliou 
are continually ftretchiug more and more, and that in 
the fame ratio, as they are fuuated farther and farther 
fiom the axis of equilibi ium, and confequcntly are 
ftdl exerting a greater and greater part of their 
whulc force. 

Thefe unequal cxtinfion?, like all other forces, mnft 
have fume common centre where they are united, 
making equal efto! 1 8 on each fide of it; and as they 
arc piecilely in the fame proportion as the velo- 
eiticvS whicii the (everal points of a rod moved circnlarlv’ 
would have to one another, tfie centre of extenfion of 
the Icdion where the body breaks, muft be the fame jis 
its centre of percuifion. Galileo’s hypothefis, W'hcrc 
librea ft retch equally, and break all at once, cor re ■ 
fponds to the Laf.* of a lod moving parallel to it- 
feir, where the centre of extenfum or percnfllon dois 
nc.i appear, as being coiuouncUd with the centre of 
guvity. 

Hence it follow^s, ihrt the Kdiil.incc of bodies in 
Mariotte’s l)ftein, is to that in Ualilcohs, as the clil- 
tance of the centre of peiciifiion, taken on thevti- 
tical diameter of the fradure, Is to the whole of that 
diameter. Hence alfo, the Rcfiftance being lefs than 
wdiat Galileo imagined, the relative weight muft alfo 
be lefs, and in the ratio jull mentioned. So that, 
after conceiving the relative weight of a tody, and its 
Refiftance equal to its abfolute weight, as two contrary 
powers applied to the two arms of a lever, in the hypo- 
thefis of Galileo, there needs nothing to change it into 
that of Marlotte, but to imagine that the Refiftance, 
or the abfolute w’eight, is become lefs, in the ratio 
above mentioned, every thing clfe remaining the 
fame. 

One of the moft curious, and perhaps the moft life- 
ful qucftlons in this refcarch, is to find what figure a 
body muft have, that its Refiftance may be equal or 
proportional in every part to the force tending to break 
it. Now 10 this end, it is neceflary, fomc part of it being 
conceived as cut off by a plane parallel to the fradurc, 
that the momentum of the part retrenched be to its 
Refiftance, in the fame ratio as the momentum of the 
whole is to its Refiftance ; thefe four powers ading by 
arms of levers peculiar to themfclves, and are propor- 
tional in the whole, and in each part, of a folid of 
equal Rcfiftance. From this proportion, Varignon 
eafily deduces two folids, which (hall refill equally in 
all thp'r parts, or be no more liable to break in one part 
than in another: Galileo had found one before. That 
difeovered by Varignon is in the form of a trumpet, 
and is to be fixed into a wall at its greater end ; fo that 
its magnitude or weight is always diminiftred in propor- 
tion as its length, or the arm of the lever by which its 
weight aa«, is increafed. It is remarkable that, 
howfoever dififerent the two fyftems may be, the folids 
of equal Refiftance are the fame in both. 

For the Refiftance of a folid fupported at each end, 
as of a beam between two walls, lee Bfam. 

S.itiSTAKC£ ^ Fiwdif is the forfe with which 

bodieii 
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bojictf ittonng tn fluid nedlumsi are Impeded and re- 
tarded In their motion* 

A body moving in a fluid la refilled from two caufes. 
The firft of thefc is the cohcfion of the parts of the 
fluid. For a body, in its motion, feparating the parts 
of a fluid, muft overcome the force with which thofe 
parts cohere. The fecond is the inertia, or inaftivity 
of matter, by which a certain force is required to 
move the particles from their places, in order to let the 
body pafs. 

The retardation from the firft caufc is always the 
fame in the fame fpace, whatever the velocity be, the 
body remaining the fame ; that is, the Kefiftaiice 
is as the fpace run through, in the fame time : but 
the velocity is alfo in the fame ratio of the fpace 
run over in the fame time : and therefore the Relift- 
ance, from this caufe, is as the velocity itfelf. 

The Rcfiftancc from the fccond caufe, when a body 
moves through the fame fluid with different velocities, 
is as the fquarc of the velocity. For, firft the Relift- 
ance increafes according to the number of particles 
or quantity of the fluid ftruclc in the fame time ; which 
number muft be as the fpace run through in that time, 
that is, as the velocity : but the Refiflance alfo increafes 
in proportion to the force with which the body ilrikes 
againft every part ; which force is alfo as the velocity 
of the body, fo as to be double with a double velocity, 
and triple with a triple one, &c : therefore, on both 
thefc accounts, the Refiftance is as the velocity multi- 
plied by the velocity, or as the fquare of the velocity. 
Upon the whole therefore, on account of both caufes, 
viz, the tenacity and inertia of the fluid, the body is 
itfjftcd partly as the velocity and partly as the fquare of 
the velocity. 

But when the fame body moves through different 
fluids with the fame velocity, the Reflflanc€ from the 
fccond caufe follows the proportion of the matter to 
be removed in the fame time, which is as the denfity 
cf the fluid. 

Hence therefore, if d denote the denfity of the fluid, 
V the velocity of the body, 
and a and b conltaut cotflicients : 
tlion adv*' -f- ^11 will be proportional to the whole Rc- 
fdlance to the fame body, moving with different velo- 
cities, in the fame dirtdtion, through fluids of diffe- 
K’nt denfities, but of the lame tenacity. 

But, to take in the conflderation of different tena- 
cities of fluids ; if t denote the tenacity, or the cohe- 
fion of tile parts of the fluid, then Wii* + will be 
-s the faid whole Refiftance. 

Indeed the quantity of Refiftance from thecohefion of 
file p.uts of fluids, except in glntlnous ones, is veiyfmall 
I'l iclptct of the other Refiftance ; and it alfo increafes 
■n u much lower degree, being only as the velocity, 
while the other increafes as the fquare of the velocity, 
iind lath.r more. Hence then the term b/v is veiy 
finall in refpe<lft of the other term adv^ ; and confe- 
q leiuly liie Refiftance is nearly as this latter term ; or 
nearly as the fmiare of the velocity. Which rule has 
been cmplo) ed by moft authors, and is very near the 
J^rath in flow motions; but in very rapid ones, it dif- 
fers cotifiderably from the truth, as we flull perceive 
below ; not indeed from thcomifiion of the fmall term 
due to the cohcfion, but from the want of tliefull 


counter preflure on the hinder part of the body, a v«. 
cuum, either perfed or partial, being IcA behind the 
body in Its motion ; and alfo perhaps to fome compref- 
fion or accumulation of the fluid a^ainft the fore part 
of the body. Hence, 

To conceive the Refiftance of fluids to a body moving 
In them, we muft diftinguiftt between thofc fluids 
which, being greatly comprefl'ed by fome incumbent 
weight, always clofe up the fpace behind the body in 
motion, without leaving any vacuity theiT ; and thofc 
fluids which, not bein^rmncii compreffed, do not quick- 
ly fill up the fpace quitted by the body in motion, but 
leave a kind of vacuum behind it. Thefe differences, 
in the refilling fluids, will occafion very remarkable va- 
rieties In the laws of their Refiftance, and arc abfolutc- 
ly neceffary to be confidcred in the determination of the 
adioii of the air on fliot and ftiells ; for the air partakes 
of both thefc affections, according to the different ve- 
locities of the projedted body. 

In treating of ihefc Reliltances too, the fluids may 
be conlidered cither as continued or difeontinued, that 
is, having their particles contiguous or elfe as feparated 
and unconnedted; and alfo either ns elaftic or nori- 
claftic. If a fluid were fo conllituted, that all the par- 
ticles compofing it were at fome diftance from each 
other, and having no adion between them, then the 
Refiftance of a body moving in it would be eafily com- 
puted, from the quantity of motion communicated to 
thole particles ; for inllunce, if a cylinder moved in 
filch a fluid in the diredion of its axis, it would com- 
municate to the particles it met with, a velocity equal 
to its own, and in its own diredion, when neither the 
cylinder nor the parts of the fluid are elaftic; whence, 
if the velocity and diameter the cylinder be known, 
and alfo the denfity of the fluid, there would thence be 
determined the quantity of motion communicated to the 
fluid, which (as adion and readioii arc equal) is 
the fame with the quantity loft by the cylinder, 
and coufequcntly the Refiftance would thus be afeer- 
tained. 

In this kind of difeontinued fluid, the particlc-s being 
detached from each other, every one of them can piir- 
fiic its own motion in any diiciftion, at Icall for fo;nc 
time, independent of liic neiglibuuring ones; ib tliat, 
iiiftead of a cylinder moving ni the diudioii of its axis, 
if a hotly with a furfaee ol)iiq ic to iisdiu'ttion be fiip- 
pofed to move ifi fn^.h a fluiti, tlie nu^tioii v, IikIi titc 
paits of the fluid wdl hence ;te({uiic, will not he in the 
diiedion of the refilled body, but perpendieular to its 
oblique furfaee ; whence tin. Jvdlitanee to luch a Ixvly 
will not he ellimated fioin tlie wlioh iiuinun communi- 
cated to the particles of the llmd, bf|t boiw lint part 
of it only which is in the direeiion of the rt lifted body. 
In fluids then, where the p^rt;. aic thus diuoutmued 
from each other, the diflertut obliipiitics id that lutface 
which goes foremoft, wiii ojejhon eonlidcrahle (“lumges 
in the Rtfillancc ; altl.iMLdi the tr.iniveilc fe^iioii of 
thcfolid fljouid in all calc*.' !■( tue fame: And Nr/ ton 
has particularly dcteimineft :! ai, m a fluid tliii.s eonfti- 
tuted, the Refiftcince of a gafti'- is hut half the ib < 
fillancc of a cylinder of the fame diameter, ni ov- 
ing, in the diredion of its axis, v.ith the Tiimc vc* 
locity. : 

But though the hypotbtfis of a fluid thus ^conniim - I 
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be of great ‘ Ufe in explaining the, nature of 
anccS) yet we know of no iuch fluid exiiling in na- 
tinc I ail the fluids with whluh we are convcrfiuU being 
lb foritied^ th.it their particles cither lie contiguous to 
each other, or at Icait,aC\ on'each other in the 
fame mafiner as if they did : confcc^ucnlly, in tliefe 
fluidg, no ouc pai tide that is contiguous to the 
refilled body, can be moved, witlioiit moving at 
the fame lime a great number of others, foine of 
which v/(ll be didaiit from it ; and the motion thus 
communicated to a mais of the fluid, will not he in 
any one dcUrmlned diic6ion, but difleicnt in all the 
particles, according to the difft rent pofitioiisin which 
they He in contact \nith thofc fiom which they’ retcive 
their impulfe ; whence, great numhcis ot the paiticlcs 
being divcited into ol)h<]ue diredions, the Rt liliancc 
of the moving body, wlueh will depend on the 
quantity of motion coinniiu'icatcd to the fluid in its 
own dirccMion, will he thflcicnt in quantity from 
what it would be in the foregoing fiippolitlon, and 
its eflimation becomes mucli mote complicated and 
operofe. 

it ihe fluid he comprefred by the incumbent weight 
of its upper parts (as all fluids aie with us, except at 
their very luilacr), and if the velocity of the moving 
body be much lels than that with w'hich the pm ts of 
the fluid w'ould lufli into a v()id (pace, in conitejuence 
of their compi clTion ; it is cvid<‘nt, that in tins cafe the 
fj)aec left by the moving body w'ill be inltantancoully 
filled up by the fluid ; and the parts of the' fluid agaiult 
which the fortrnoll pmt of the Irody prcflcs in its mo- 
tion, will, iullead of being impelled forwards inthedi- 
iciflion of the body, in foniC mcafure circulate tow'ards 
the hinder part of the bodv, in order to icflore the 
cqu.libn'um, which the conftant influx of the fluid bc- 
liiiid the body would othcrwilc dellroy ; whence the 
progrelfive motion of tire fluid, and confequently the 
Relirtance of the bodv, which depends upon it, would 
in this inflance be nnuh Icfs,. than in the hypolhcfis 
where each particle is fiippofed to acrpittc, from 
tiie flrokc of the iclilling body, a 'velocity equal to 
that w'ith wliich the body moved, and in the farrie di- 
re^llon Newton has determined, tlurt the Reflilance 
of a cylinder-, moving in the diieiSlion of its axis, in 
inch a compiefTed fluid as we have here treated of, Is 
but oiic-fourth pait of the Refillancc to the lame cylin- 
der, if it moved with the fame velocity in a fluid 
conllitntcd in the manner dtferibed in the fiifl hypo- 
ihtfis, each fluid being fuppofed of the fame denlity* 

But again, it Is not only in the qiiuntity of their 
Refilfance that thele fliuds differ, but alfo in lire dittc- 
rent manmr In which they av 4 upon follds of different 
foi ms moving In the m. In the diicontinued fluid, firfl 
dcfciibcel, the obliquity of the foremoll furfacc of the 
moving body would dimiuifli the Rcfiftancc ; but the 
fameihing docs not lufld true in compreffed fluids, at 
lead not in any confidcrable degree ; for the chief Rc- 
fiilaiice in compreffed fluids miles from the greater or 
Ids facility with which the fluid, Impelled by the fore 
part of t)ie body, can circulate towards its binder part ; 
nnd this being hitle, if at all, affetted by the form of 
the moving body, whether it be cylindrical, conical, 
or fphcrical, it follows, that while the trail fverfe feaion 
of the body is the fame, and confequently the quan- 


tity of impelled of .figin-e ir 

the body will fcarccly- ^e£l tn^.tjjianfity -of its Re- 
finance. ' . . • 

And this cafe, viz,, the Refjftance of a com prp (Ted 
fluid to a folid, moving in it v/ith a .velocity much Icfs 
than what the parts of the fluid would acquire from 
their compreffion, has been very fully confidtred by 
Newton, who, ba:i afeertained the quantity of fuch ^ 
Relilhuce, according to the different magnitudes of 
the moving body, and the denfuy of the fluid. ^ Blithe 
cxprefbly informs us that the rules he has laid down, 
are not gencially true, but only upon a ruppofition tluit 
the compiefiion of the fluid be increafed in the guatcr 
vclocitivsof the moving body : however, fomeunllcil- 
ful w'riitrs, who have followed him, oveilookhig this 
caution, have applied his. deteiiniaation to bodies 
moving with all forts of velocities, without attending 
to the dilfeient comprellions tj£>tlic fluids they aie rc- 
fifled by; and by this means they. have accounted the 
Rthlbince, for infhncc, of tlic air to Huiilrct and caii- 
iioii (hot, to be but about one-third pmt of what it is. 
found to \k by expeiicnce. 

iMsindtcd'tvidcnl that the lelifling power of the 
medium mull be increaled, when the icfllled body 
moves lb fall that the fluid (.aiinot inllantaneoufly pufs 
ill behind it, and fill the difcitcd fpaee ; for whin this 
hvip])(.ns, the body will be dtpiivcdof the prdlnie ot 
tljc fluid bthind it; which in fome mcdfure halaiutd 
its Refinance, or at lead the foie prelfjre, and mull 
fupport on its fore part the wliolc vveiglil of a column 
of tlie fluid, over and above the motion it gives to the 
parts of the fame ; and belides, the motion in the par- 
ticles driven before the body, Is lefs uficded in tlnb 
ci.fe by the comprdfion of the fluid, and _ ronfajin ntly 
ih.ey are Id's ckflebted from the dticdion in whieh they 
are iinpdled by the refilled fiirface ; whence it happens 
tliat this fpecies of Reliflaiiec approaches more iiiid 
more to that dcfcribed in the full hypolhefis, wluic 
each paitidc of the fluid being unconiiidlcd^ with the 
neighbouring one‘i, purlucd its own motion, in Us ovvn 
dirtdion, wdthout being interrupted or defied ed by 
their contiguity ; and thea’erore, as the Refillancc c! u 
difeontinued fluid to a cylinder- moving in the diKC- 
tionof its axis, 4 times greater than the lleriflame 
of a fluid fufficicntly compi died of the rnmc dei.fit), 
it follows that the Reflilance of a fluid, wIkmi a vacuity 
is left behind the moving body, may be near 4 linus 
greater than that of the fame fluid, whm no ludi 
vacuity is foimcd ; for when a void fpacc is thus Ids 
the Refinance appioaches in its natuie to that of a dil* 
continued fluid . ^ 

This then may probably be the cafe in a cylirc ei 
moving in the fame comprefTed fluid, according to tuc 
difTcreiit degrees of its velocity ; fo that if it fet l 
w'iili a great velocity, and moves In the fluid till fl t 
velocity be much dimlniflicd, the rdillmg power of id 
medium may be near 4 times greater In the htgliming 0 
its motion than in the end. 

In a globe, the difterence will not be fo great, he- 
caufe, on account of its oblique furface, its Relilfauce 
in a difeontinued medium is but about twice as miK‘i 
as In one properly comprefled; for its oblique fiuf'^l^''’ 
dUniiiifhts its Keliflaiice in one cafe, and m t in t .e 
other; however, as the comprefliou of the meelm«^‘» 

evil* 
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ivth * wiciiityi l» left bthmd tlie movmgr body, 
may )Tt confine the oblique motion of the pans of the 
fluid* which arc driven before the body, ;uid as in an 
elallic fl' id, fnch as oiir air is, tliere will be fomc decree 
of condenfation in thofe parts j it is highly probable that 
the Rcfiftance of a globe, moving in a coinpreflcd fluid 
with a very great velocity, may greatly exceed the pro- 
portion of the Rcfiftance to flow motions. 

And as this increafe of the refifting power of the 
medium will take place, when the velocity of the moving 
body is fo great, that a perfect vacuum is left behind it, 
fo fome degree of augmentation will be f''nrible in velo- 
cities mnch fliort of this; for even when, hy the 
compreflion of the fluid, the fpace left behind the body 
is inftantaneoufly filled up ; yet, if the velocity with 
which tlie parts of the fluid rufli in behind, is not 
much greater than that with which the body moves, 
the fame rcafons that have been urged abo\ne, in tlie 
cafe of an abfolnte vacuity, will hold in a lefs degree in 
this inftance ; and therefore it Is not to he fiippofed 
tliat, in the increafed Refiltance which has been hitlieilo 
ti rated of, it immediately vaniflies when the compreflion 
of the fluid is juft fiifliclent to orevent a vacuum behind 
tlie rellfled body ; but we mnft conlidcr it as diminish- 
ing only accoiding as the velocity, with which the 
parts or the fluid follow the body, exceeds that with 
whii'li the body moves. 

Hence tlieui it may be concluded, that if a globe 
fets out in a refilling medium, with a velocity imuh 
exceeding that with w-hich (he particles of the medium 
would rufli into a void fpacc, in confcqnence of their 
compreflion, fo that a vacuum is neceflarily left behind 
the globe in its motion ; the Rtfillance of this medium 
to the globe wdll be much greater, in proportion to its 
velocity, than what wc arc furc, from Sir I. Newton, 
W'ould take phcc in a flower motioi). ,We may farther 
corclude, tliat the refilling power of tlic medium will 
gradually diminifli as the velocity of globe decrealcs, 
till atlaft, when it moves with velocitK'S which bear but 
a linall proportion to that with w hich tlie particles of the 
medium follow it, the Refillancc becomes the fame 
W'ith what is afllgned by Newton In the cafe of a coin- 
prefled fluid. 

And ftom this determination may be feen, how' fidfc 
that pofition Is, which aflerts the Reliftance of any 
medium to be always in the duplicate ratio of the ve- 
b>c’ty of the refilled body; for it plainly appears, by 
what has been faid, that this can only be coniidered as 
nearly true in fmall variations of velocity, andean never 
be applied in comparing together the Rcliilances to all 
velocities whatever, without incurring the moll enor- 
mous errors. See Robins’s Gunnery, chap, 2 prop, i, 
Rnd my Seledt Extrcifes pa. 235 &c. See alfo tlie 
articles Resistance 0/ the Air, Projectile, and 
Gunnery. 

Refillancc and retardation arc ufi<d ii.diflerently for 
fach other, as being both In the fame proportion, and 
tilt fiune Refillancc always generating the lame retarda- 
tion. But with regard to different bodies, the fame 
Htfillancc frequently g<ncrates different retardations ; 
tbt Rcfiftance being as the quantity of motion, and the 
retardation that of the celerity. For the diflcrencc and 
mcafurt of the two, fee Retardation. 

The retardations from this Rcfiftance may be com* 

VoL. II, 


pared together, by comparing the Rcfiftance with the 
gravity or quantity of matter. Iris demonlliated that 
the Refinance of n cylinder, which moves in the diiec- 
lion of its axis, is equal to the w’eight of a cohtmn of 
the fluid, wlude bafe is erpial to that of the cylinder, 
and its altitude equal to the height through which a 
body mull fall in vacuo, by the force of gravity, U» 
acquire the velocity of the moving body, 00 that, it 
a denote the area of the face or end ol the cylinder, or 
otlier prilm, v its velocity, and n tbe fpecific gravity 
of the fluid ; then, the altitude due to the velocity v 
• 

being — , the whole Refittance, or motive force w, 
AS 

will be /7 X n X the quantity ^ being 

AS AS 

= l6^S feet, or tbe fpacc a body falls, in vacuo, in 
the llril fecond of time. And the Refillancc to a globe 
of the fame diameter w'onld be the half of this. — Let 
a ball, for inllance, of 3 inches diamt ter, be moved in 
water with a celerity of 16 feet per fecond of time: 
now from experiments on penduliiiu';, and on falling 
bodies, it has been found, that this is the celerity which 
a body acquires in falling from the height of 4 feet ; 
therefore the W'cight of a cylinder of water of 3 iiuhts 
diameter, and 4 feet high, that is a w-eight of about 
12 lb ^ 07, is equal to tbe Rcfiftance of the cylinder ; 
and confcqucntly the half of it, or 6 lb 2 oz is that o** 
the ball. Or, the formula 

•78f;4 X 9 X 1000 x x 16 


gives ■ 


■ = 196 or, 


AS '' 144x4x16 

or 12 lb 40Z, for tbe Rcfiftance of the C)lindcr, oe 
6Ib 2 07 . for that of the ball, the fame as before. 

Let now the Rcfiftance, fo difeovered, be divided 
by the weight of the body, and the quotient will fttew 
the ratio of the ictardation to the force of gravity. So 
if the faid ball, of 2 inches diameter, be of call fion, 
it will weigh near!)’ 61 ounces, or 
Refillancc being 6 lb 2 02, or 98 ounces ; therefore, 
tbe Krlillnnce being to tlie gravity as 98 to 61, the re* 
taidation, or retarding force, will f)e or ij, the 
foice of gravity being I. Or thus ; becaufe tbe area 
of a great circle of the ball, is = /»//% where d is the 
diairuter, and p *7844, therefore the Kefifljncc to 

the ball is w = ^ ; and bccaufc its folld con- 

h g 

tent is >iu =: \pd'^, and its weight jN^rV^, where N 
denotes its fpceific gravity; therefore, dividing the 
Rcfiftance or motive force m hy the weight ce, gives 

~ r ^ f the retardation, orietaiding foicc, 

IV iG^dg 

that of giaviiy being i ; which is therefore as tlic 
fquare of tlie vcbicily direCliy, and as the diruiuter in- 
vcrfily; and Ihis is^hc rcafoii w-by a large ball ovciroires 
tbe Refillancc btttir than a fmall one, ol the Lmc den- 
fiiy. See my StLcl l-ixeieifcs, pa. 725 &c, 

R ESISTANCR af rirul Alediunii In the Motion of Fallittg 
Bodies.^h bixly licJy djeimi.ng in a fliyd, is acec- 
hrated by the lelative gravity of the body, (that is, 
tbe drfterencc between its own ablbhite gravity and 
that of a like bulk of the fluid), w-bich continually a^As 
upon it, yet not equably, as in a vacuum: the Kefill- 
a.icvofthc flu'd occafioiis a ictardation, or diminution 
3 A of 
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'of acceleration, wliieh diminution inercafes with the 
niocity of the body^ Hence it happens, that there 
18 a certain velocity, which is the grcarell that a body 
can acquire by falling ; fur if its velocity be fucli, that 
the Refidancc arlfing from it becomes equal to the re- 
lative weight of the body, its motion can be no longer 
accelerated ; for the motion here continually generated 
by the relative giavity, will be deflroyed by the Re- 
finance, or the force of Rcfiflance is (.qual to the relative 
giavity, and the body forced to go on equably ; for 
after the velocity Is airivcd at inch a degree, that the 
u filling foice is equal to the weight that uiges it, it 
will incieafe no longer, and the globe mull afterward 
ronlinue to defeend with that velocity uniformly. A 
body continually comes nearer and neaur to this greattll 
celtiiiy, but can never attain accurately to it. Now, 
N and n being the fpceihc gravities of the globe 
and fluii', N — « will be the relative gravity of the 
plohe in the fluid, and thcrefoic w = — //) 

IS the weight by which it ia urged downward; alfo 


^ Is the Refiftance, as above ; theicfore 

r 

thefc two mud be equal when the velocity can be no 


farther Iiicrcafed, or m n'le, that is -■-■■■ — ■ r= \pd^ 
(N — w), or ff) > hence 


V 




is the faid uniform or greated 


vedocity to which the body may attain ; whicli is evi- 
dently the gi eater in the fubduplicate pioporlion of v 
tlic diameter of the ball. 13 nt v is always c::: */ AS f 
the velocity generated by any accelerative force / in 
defciibiiig the fpace s ; which being compared with the 


former, it gives j = ^d, when / is = — ; that 

n 

is, the greated velocity is that which is generated by the 

accelerating force •— — In pafling over the fpace ^d 

or j of the diameter of tlie ball, or it is equal to the 
velocity generated by gravity in deferibing the fp.icc 

X }</. For cx. if the ball be of lead, which 

n 

is about ui times the denCty of water; then 


N = 1 1 J, « =: I, N — « = 


N 

n 


=: lo! = 


and X id = %'d n 13 1^/; that is, the 

n 

\iniform or greated velocity of a ball of lead, defeend- 
jng in water, is equal to that which a heavy body 
acquired by falling in vacuo through a fpace equal 
to 13 3 of the diameter of the ball, which velocity is 

X = 2 = Sv/iJR 

nearly, or 8 times the root of the fame fpace. 

Hence it appears, how foon fmall bodies come to 
their greated or unlfoim velocity in defeenuing in a 
fluid, as water, and how vtny fmall that velocity is ; 
which explains the reafon of the flow precipitation of 
H\ud, and Imall particles, in water, as alfo why, in 

7 


prccipitatjoni, the larger and gpfi particle! -defeend 
fooned, and the lowed. 

Farther, w'here N z: «, or the denfity of the fluid Is 
equal to that of the body, then N — « = o, confe- 
quently the velocity and didance defeended are each 
nothing, and the body willjiill float in any part of tin; 
fluid. 

Moreover, when the body is lighter than the fluid, 
then N is lefs than n, and N — « becomes a negative 
quantity, or the force and motion tend the contiarv 
way, that is, the bill will afeend up towards the top of 
the fluid by a irot!\e foice whicli is as « — N, In 
this cafe then, llic body amending by the adiun of the 
fluid, is moved exactly by the fame laws as a heavier 
body falling in the fluid. Whuever the hodv Is placed, 
it is fuflained hy the fluid, and cairied up with a fuiLe 
equal to the diflereiicc ot tlie weight of a quantity of 
the fluid of ilm ianie bull; as the body, from the weight 
of the body; there i.Ulictefore a fuiec whicli continually 
a< 5 ls equably upon the binly ; hy which not oiilv the 
action of giavity of the body ii countti .'Cted, fo as that 
it is not to he conf: leicd in this cafe; hut the body i=i 
all) canied upwarda by a motion equably ucccleiated, 
ia I he ianie manner as a body luavier than a fluid do* 
feends by its lel.itive gra\ily : hut the equability of 
acceh ration ia di, 11 roy id in the fame manner by tlic 
Rjillaiice, in the aleent of a lu'dy lighter than the 
fluid, as it is deflrojed in the dilcent of a body that 
is heavic*. 

Foi the ciicumllanccs of the coiTcfponflent velocityv 
fpace, and time, txe, of a body moving in a fluid in 
wdiich it is pi ojeded w’lth a given velocity, or dcfceiid- 
ing by Its own vv eight, fee my Selcdt ExcrciftS, 

prop. 29, 30, 31, and 3?, pag. 221 

RhSiSTANob of the Ait\ ill Piieumatics, Is the foice 
with which the motion of bodies, particularly of pro- 
jcdilcs, is letardcd by the oppolition of the air 01 at- 
mofphere. See CusNtRY, Projectiles, &c. 

Ihe air being a fluid, the general laws of the Ro- 
fiflance of fluids obtain in it ; fubjeCl only to I'ome 
variations and irregularities fiom the diffeicnt degree > 
of denfiLy in the difTerent llations or regions of the at- 
mofphcre. 

The Refinance of the air is chiefly of life in militaiy 
projediles, in order to allow for the difltrences caiilid 
in their flight aiiJ range by it. Before the time of 
Mr. Robins, it was thought that this Refiftance to the 
motion of fueli heavy bodies as iron balls and Ihells, 
was too inconfiderable to be regarded, and that the 
rules and conclufions derived from the common parabolic 
theory, were fufficlently exad for the common pradice 
of gunner)\ But that gentleman fliew'cd, in his New 
Principles of Gunnery, that, fo far from being incon- 
fidcrable, it is in 'reality enormoiifly great, and by no 
means to be rejeded without incurring the grofleft 
errors ; fo much fo, that balls or {hells which range, at 
the mod, in the air, to the diftance of two or thiec 
miles, w'ould In a vacuum range to 20 or 30 miles, or 
more. To determine the quantity of this Refiftance, in 
the cafe of different velocities, Mr. Robins difeharged 
mu/ket balls, with various degrees of known vck)city> 
againft his balliftic pendulums, placed at feveral different 
diftanccs, and fo difeoveredby experiment the quantity 
of velocity loft| when pafling thi-ough thofe diftances 
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orfpacw of air, wlt^the feveral known tkgrccs of 
celerity. For having thus known, the velocity loll or 
dcrtioycd, in pafling over a ceitain fpace, in a certain 
tline, (which time is very neaily equal to the qtioticnt 
of the fpace divided by the medium velocity between 
the gteatell and leaft, or between the velocity at the 
mouth of the gun and that at the pendulum); that is, 
knowing the velocity t*, the fpace s, and time /, the 
lelifling force is thence eafily known, being Cfpial 

or - , where h denotes the weight of the 

ball, and V the medium velocity above-mentioned. 
The balls employed upon this occafion by Mr. Robins, 
WLic leaden oiks, of of a pound weight, andj- of 
an inch diameter ; and to the medium velocity ot 
1600 feet the Refinance was 1 1 lb, 
lo6^ feet it was 2^ ; 

but by the theory of Newton, before hid down, the 
fonner of thefc Ihould be only 4! lb, and the latter 
2 lb : fo that, in the former cafe the real Reljllance is 
more than double ofthatby the theory, beiii_^ Incrcalcd 
as 9 to 22; and in the lefTer velocity the iucread is 
fic'm 2 to 2-J, or as 5 to 7 only, 

Mr. Robins allb invent^-d another machine, having a 
wliiiling or circular motion, by which he meafured tlio 
Refillances to lurgci bodies, tliongh w'ith much Imaller 
velocities : it is dclcribed, and a llgurc of it given, near 
tlie end of live ill vol. of his works. ^ 

That this refilling jiowtr of the air to fwift motions 
Is very fenlibly incicafed beyond what Newtoids theory 
foi ilovv motions mak( s it, feems hence to be evident, 
by other experiments it appeirs that the Reljllance is 
veiyluillbly iiiereafed, even in the velocity of 400 feet. 
However, tin's increafed power of Kclillance diminifhes 
as the velocity of the relllled body diminffhes, till at 

when the motion is fufficicritly abated, .the 
a2tual Relillaticc coincides with that fiippofcd in the 
iheoiy nearly, l^or tluTc varying Refiltances Mr. 
Robins has given a lulc, extending to 1670 feet 
Velocity, 

Mr. Kuler has fhewn, that the common doiPirine of 
Kclillance anfwers pretty well when the motion ii not 
't'ly fwift, but in fwift motions it gives the Rellllance 
Ids than it ought to be, on two accounts. 1. Bccaiife 
in quick motions, the air does not fill up the fpace be- 
hinil the body fall enough to prefs on the hinder parts, 
to counterbalance the weight of the atmofphcre on the 
lore part. 2. The denlity of the air before the ball 
being increafed by the quick motion, will profs more 
llrongly on the fore part, and fo will refill more tliaii 
lighter air in its natural llate. He has fhewn that Mr. 
Robins has reftrained his rule to velocities not exceeding 
i6';o feet per fecond ; whereas had he extended it to 
greater velocities, the refult muft have been erroneous ; 


and he gives another formula himfelf, and deduces con- 
’clufions differing from ihofe of Mr. Robins. Sec 
his Principles of Gunnery invelligated, tranflated by 
i^iovvn in 1777, pa. 224&C. 

Mr, Robins having proved that, in very great change! 


of velpcity, the Refiflance does not accurately follow 
the duplicate ratio of the velocity, lays down two po- 
fitions, which lie tlionglit n iyjit lie of fomc fervice in 
tlie prat^liccof aitillet), till a more complete and ac- 
curate tlifory'of Refinance, and the eliaiiges of its 
augmentation, may be obtained. 'J'he full of thefe is, 
that till (he vthx ity of the projeCdlle furpafs I 100 or 
1200 feet in a feeond, the Rifillaiice may be ellceir.ed 
to be in the diipliente ratio of tlie vehiLity *. and (he I'c- 
eontl is,{hat\v)ien the Mlocltyexeeeds 1 icoor 1 -oofeit, 
then the abfnlijte quantity of the Refillanec will be near 
3 times as great ns it IhouM he by a compaiifon with 
the Imaller velocities. Upon thefe piiiielpkshe pio* 
ceeds in ap{)ro\iinating to the ae^tinl lauges (d plee ci 
witli fmall angles of elevation, vi/, fueli as do not ex- 
ceed 8'^ or jo'^ wliith he lets down in a table, eompaied 
with their coi lelponding potential laugts. Sec his 
Mathematical 'Prads, vol. i pa. (79 Put we 

fliall fee piefenlly tliat lliefc politlon'i aic both wiihouL 
foundation ; that there is no Inch thing as a Ivuldcn or 
abrupt change in tlie law of Refillance, Imin llie Iqiiaie 
of the velocity to one that gives a qinuilily three times 
, as much; but that the cliange is How and giailnal, 
continually fioni the fmallell to the higheil veloelliui j 
and that the increafed 1 cal Refillance no whcic lilVa 
higher than to about doulrle of that which Newton’s 
theoiy gives It. 

Mr. (/lenic, in his Iliilory of friinncry, 1776, pa* 
49, ohfeivcs, in confetpience of fome expeiimenis with 
a lillcd piece, properly fitted for experimental pnrpofei, 
that the Refillance of the air to a velov Ily fomcvvhal 
lets than that mentioned in the full ol the above pro-- 
politions, is conliderably gieatei than In the duplicate 
latio of the velocity ; and tliat, to a celerity fomcwliat 
gieater than that ftated in the fccond, the RelillancC 
is confideiably lefs tlian that which is treble the RelilU 
ance in the faid ratio. Some of Robins’s own cxpeit- 
ments fetm ne'ceffirily to make it fo ; lince, to a velocity 
no (juickcr than 400 feet in a feconil, he found the 
Rchllantc to be fomcwliat greatcT than in that ratio* 
lint the true value of tlic ratio, and oilier circiiinlkmc cs 
of thi. Refillance, will more fully appear from what 
follow .s. 

The fubjccl; of the Refillance of the air, -is begun 
by Robins, lias been pioficuted by rnyfelf, to a veiy 
gi cat extent and vailcty, btyth with the whirling ma- 
cliiiie, and with cannon balls of .ill fi/fs, liom i lb to 
611 ) weight, as well as with figuics of many other dif- 
ferent lhapes, both on the fore jiait and hind part of 
them, and wiili planes let .at all varieties of angles of 
inclination to the patli or mo' ion of the fame ; fiom all 
which I have obtained rlie real R -lillance to bodlcj lor 
all velocities, from l up to 2000 f.rt per ficond ; 
together with the law of rlie Rt lilhnee to the fame 
body for all different velocities, and lor dilferent 
with the fame velocity, and alio lor all angles of in- 
clination ; a full account of which would make a book 
of itfelf, and mull be referved for fume other occaiioii. 
In the mean time, fomc gcncial tables of conclufion? 
may be taken as below. 
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Jn this Pahle arc contained the RdiHanccsto fevcral 
form^ uf bodies, when movid with llvcial d«;;rce6 of 
vilocitv, from ^ fe<t per fecond to 20. Tht‘ names of 
the bodies art at the tops of the culunois, as alfo udjich 
tnd veent fi^remolt throiigli the air; the ciUrtrent vclo- 
cuies arc in the in fl column, and the Rtfillances on 
the fame line, in their feveral columns,, in avoirdupois 
ounces and cUcimal part-*. So on the firrt line are con- 
tained the Rdiilanecs \shen the bodies move with a ve- 
locity cf 3 tut in a fccond, vi?,, in the 2d column for 
the fmall hemifpheie, of 4^ inches diameter, its Re- 
/irtance *028 07. when the Hat fide v.cnt foremoft ; ia 
the and 41)1 columns the R^fiftanccs to a larger 
hemifphere, firft with the flat fide, and next the round 
fide forcmoll, the diameter of this, as well as all the 
followin)r figures being 6 \ inches, and therefore the 
area of the great circle = 32 fq. inches, or -J of a fq, 
foot then in the jth and 6ih columns arc tlic RefiiU 
arets to a cone, fiifl its vertex and then its bafe foremofl, 
the ciUitnde of the cone being 6i Inches, the fame as 
the diamt ter of its bafe in the 7ih column the Refill- 
ance to the end of the cylinder, and in the 8th that 
agalnll the whole globe or fpherc. All the numbers 
fhew the real weiglits which aic equal to the Refiilances; 
and at the bottoms of the columns are placed propor- 
tional numbers, which (hew the mean proporlionaof the 
Kefifiances of all the figures to one another, with any 
velocity, l»aftly, in the qth coUminarc placed the ex- 
ponents cf the power of the velocity which the Kd'ril- 
ances in the 8th column bear to estch other, viz, which 
that of the to feet velocity bears to each of the followiag 
ones, the medium of all of them being as the 1*04 power 
the velocity* that ii, very little abqyc the fquarc or 
lecond power of the velocity, fo far aa the vcbcluea ia.. 
ihie Table exttod. 
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From till* Table |;he following inferences are cafily 
diedticed. ' . ^ 

1. That the Refiflance n nearly In the (ame propos*. 
tion as the fiirfiices ; a fuiHll, inerrafe oply taking pLc2 
in the greater furfaces, and for the greater vclocitits. 
Thus, by compaiing together the numbers in the 2d 
and 3d columis, for the bafes of the two hemifphuis, 
the areas of whuh bafes arc in the propoition of 1 

to 32, or 5 to y vtiy nearly, it appt'ars that the num- 
bers in thole two colnm.o:, expi effing the Rcfilbnce.', 
aie marly ar, 1 to 2 ( 1 5 h) 10, as far as the velocity of 
J2 fut; but a'tci titat, the Reiillanccs on tlie greiter 
furface increafe gradually more and moie above that 
proportion. 

2. The Refiflance to the fame furfacc, with different 
vclocitic?, is, in thefc flow motions, nearly as the Iquare 
of the velocity ; but giadually increafts more and n 01c 
above that pioportion as the velocity increafes. Tins is 
niaiiifed from all the columns; and the index of the 
power of the velocity is fet down in the' 91!) crlnmii, 
fertile RiTiflances in the Sth, the medium bc'ing ; 
by which it appears that the Refiflance to the fame body 
is, in tliefe flow motions, as the 2*04 power of tiie 
velocity, or ncaily as the fquait; of It, 

3. The round ends, and fltarp ends^ of folids, fiiffu 
k'fs Refiflance than the flit or pUnc ends, of the fame 
diameter ; but the fliarper end has not always the Id’s 
KcHllance. 'rhtis, the cylinder, and the flat ends of 
the* hcmiiphere and cone, have more Refiflance, ihm 
the round or Ihai pends of the fame; hut the round fide 
of the* hemifphere has Itfs Refiflance titan the* lharper 
end of the cone. 

4. The Refiflance on the bafe of the hemifphere, i& 
to that on the round, or whole fphere, as 2] to 1, 
iutlcad of 2 to I, as the theory gives that relation. 
Alfo the expe*rimented Refiflance, on each of thtf*, 
is nearly i more than the quantity afligued by li e 
theory, 

y. The Refiflance on the bafe of the oone, is to 
that on the veriest, nearly as 2/5 tO' i ; and in the 
fame ratio is radius to the fine of the angle of in- 
cKnaiion of the hde of the cone to its path or axb. 
So that, in this inftance, the Refiflance is directly as 
the fine of the angle of incidence, the tranfvcrfc feftion 
being the fame. 

6. Vv'^hen the hinder parts of bodies arc of different 
forms, the Rcfiftances are different, though the fore- 
parts be cxaAly alike and equal ; owing probably to 
the different preflrircs of the air on the hinder parts. 
Thus, the Refiflance to the fore part of the cylinder,, 
is left than on the equal flat furfacc of the cone, or of 
the hemifphere ; bccaufe the hinder part of the cylinder 
is mor^ prefled or pufhed^ by the following air tlun 
ihofc of the other two figOlfcs ; alfh, for the fame 
reafon, the bafe of the hemifphere fuffers a left Refifl- 
ance than that of the cone, ind the round fide of tbe 
hemifphere lefa than the whole fphere. 
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Table 11 . Kcjtftdfkces both hy E^rpermcnt frmi Tlteofy, 
io a- Qlobc of l *965 Ituhcs D’iamdit\ 


Vcloc, per 
fee. in feet. 

RefiCby 

Exper 

oz. 

by 

Theory. 

. 02. 

Rario uf 
Kxper. to 
Theory. 

UeAA. at 
the power 
oftbc veloc. 

5 

0-000 
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1 *26 


10 
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JO 
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30 
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40 
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50 
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JCO 
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1 1 
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25 

i 8'7 
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45 
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<)LO 
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In the firft column of this Table are contained the 
feveral velocities, gradually from o up to the great ve- 
locity of 3000 feet per fecond, with which a ball or 
dohe moved. In the 2d column are the experimented 
Keliftanecs, in averdupois ounces. In the 3d column 
arc the correfpondent Refirtances, as computed by the 
foregoing theory. In the 4th column arc the ratios of 
ihefe two HcfiHanccs, or the quotients of the former 
divided hy the latter. And in the 5th or laft, the in- 
dexes of the power of the velocity which is proportional 
to the experimented Refinance ; which arc found by 
comparing the Rcfiflancc of 20 feel velocity with each 
^f the followingones. 

From the 2d| 3d and 4th columns it appears, that at 
the beginning of the motion, the experimented Rdiil- 
is nearly equal to that computed by theory ; hut 
t^at, as the vcdocity inereafes, the experimented Refill- 
ance gradually exceeds the other more and more, till 
at the velocity of MOO feet the former becomes juft 
double the latter ; after which the difference increafes a 
I'ftle farther, till at the velocity of 1600 or l^0Oy where 
^hai cxccfs is the jmrateft, and is rather lefs riian 2 /tj ; 
after thin, the difference decreafes gradually as the ve- 
Incity increafes, and at the velocity of 3000, the for- 
tner Kefiftance again becomes juft double the latter. 

troih the laft colunsn it appears that, near the begia- 
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ning, or in flow motions, the Refiftances are nearly as 
the fquare of the velocities ; but that the ratio giadiudly 
ijicreufcs, with fome fmall variation, till at the vclority 
of 1 300 or 1600 feet it becomes as the 2 power of the 
velocity neaily, wfiieh is it-, hightil i.fccm ; and after 
tliat it gradually dccreafcs a^ain, as the velocity goes 
higher.' And fimilar conclulions have alfo beCQ derived 
from experiments with larger balls 01 globes. 

* And hence we perceive that Mr. Robins’s pofitionB 
are erroneous on two accounts, viz, both in ftating 
that the R(.iillcii.ce cliaugcs ludJenly, or all at once, 
fToin being a-t tlu* 0]inre of the velocity, fo then to 
l)econe a-> fome higher and confluMt power ; and alfo 
W’hcnhe lUfcs 'he lUfiftauec as tiling to the height of 
3 times that w'jiich is given hy the theory: fitice the 
i.Mio of the Reliftancc botli mcreale? gnuidually from the 
beginning, and ytt ticver alccudk higher than 2 45^ of 
the theory. 


'Fable III. Reftjiance to n Plants ft nt various Jn- 
^Ls (f Iv.cliuatlon to its Path, 


Angle with the 
Path. 

Uxpenm. Rc- 
liftanccs. 
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45 
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55 
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•680 

*683 

60 
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•756 
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•770 

•778 

•761 

70 

•H03 
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•789 

75 
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•811 

80 
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•836 
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«5 
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•838 

90 
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In the 2d column of this Table are contained the 
aftual cxpcrimerlcd Relillauccs, in ount'cs, to a plane 
of 32 fquarc inches,. or ^ of a fquarc' h'ot, moved 
through the air with a velocity ot exadlly 12 feet per. 
fecond, when the plane wuj let fo as to make, with 
the direction of its path, the correfpouding ^uglci in 
the firft cohimn. 

And from tbefe I have deduced this formula, or 

theorem, viz, which brings out very neiuly 

the fame numbers, and ‘s a ^enenil theorem for every 
angle, for the fame plane of ^ of a foot, and moved 
with the fame velocity of iz feet in 1 fecond of time y 
where 1 is the fine, and c the colineof the angles of 
ioelinarioii in the brft column. 

If 
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If a theorem be Jcfired for any other velocity v, and 
any otlicr plane vviioi'e area is it will be this : 

or more nearly ^ which 

denotes the Refiflancc nearly to any plane fuifacc whofc 
area is <7, moved tfiroii^h the air with the velocity -v, 
in a diredion making with that plane an angle, whofe 
hne is c, and ctdiiie c. 

If it be water or any other fluid, different from air, 
this formula will be varied in proportion to the denlity 
of it. 

] 5 y tliis theorem were computed the numbers in the 
3d column ; which it is evident agree vety nemly with 
the experiment Rehflances In tlic id column, excepting 
in two or three of tlie finall numbeis near the beginning, 
which are of the lead confc<]iienco. In all otl.er cafes, 
the theorem gives the tiue Relldanee veiy nearly. In 
the 4th or lad column are entered tire lines of the an- 
gles of the fird column, to tlie radius *84, in order to 
compaie them with the Refillarffes in the other cohimns. 
Rroin whence it appeals, that thofe Kefidances bear no 
foitof aiialc-gy to the linos of the angles, nor yet to 
the hpiarcs of the lines, nor to any other power of them 
whatever. In the beginning of the columns, the lines 
much exceed the Rcfiilnnces all the way till the angle 
be between and 60 d(.giecs; after wliicli the lines 
are lefs than the Relillanees all the way to the end, or 
till the angle become of cjo degrees. 

Mr. James Bernoulli gave fome tlicorema for the 
Relillanees of different iigiires, in the Adda Enid. 
],ipf. for June 1693, pa. 25^ &c. But asthefcaie 
deduced frmn theory only, which wc liiul to be fo dif- 
ferent from experiment, they cannot be of iniicli ulc. 
Meflicurs Euler, D’Alembert, Gravefande, aiuKSimp- 
I’oii, have alfo written pretty largely on the iheoiy of 
Relillanees, bclidea what liad been done by New- 
ton. 

Solid of Resistance. Sir Tdrnc Ne\\ton,fiom 
his general theory of Rcliilance, deduces the figure of 
a folid which (hull have the kail Relillauceof the fame 
bail', height andcjonlent. 



The figure Is this. Snppofc DNG to be a curve of 
fneh a nature, that If from any point N the ordinate 
NM be drawn perpendicular to the axis AB ; and from 
a given point G there be drawn GR parallel to a tan- 
gent at N, and nrecting the axis produced in R ; then- 
if MN be to GR, as GRJ to 4BR x BGS a folid 
defenbed by the revolution of this figure about its axis 
AB, moving in a medium fiom A towards B, is lefs 
reliiled than any other circular folid of the fame 
bale, 6<c. 

This theorem, which Newton gave without a dc- 
monftiation, has been demonllrated by feverai mathe- 


maticians, as Facio, Bernoulli, Hofpital, 5cc. See 
Maclaurin’s Flux. fed. 606 and 6O7 ; alfp Horfley’s 
edit, of Newton, vol. 2, pag. 390, See alfo Ad. 
Frud. 1^199, pa. 514; ami Mem. de I'Acad. &c ; alfo 
Robins’s View of Newton’s method for corwparlng the 
Refidance of Solids, t<vo, i 734; and SImpfon’s Fluxions, 
art. 413 ; or my Piinciples of Bridges, prop. 11 and 
12. 

M. Bouguer has rcfolved this problem In a vety gene* 
ral manner j not in fuppofing the folid to be formed by 
a revolution, of any figure whatever. The problem, 
as enunciated and refolvccl by M. Bouguer, is tl.ii: 
Any bafe being given, to find what kind of folid muil 
he formed uptm it, fo that the impulfe upon it mjv be 
the leafi: polfible. Properly however it ought to be the 
retardive force, or tlie impulfe divided by the weight 
or mafs of matter in the body, that ought to be the 
minimum. 

RESOLUTION, in Phyfics, the redudlon of a 
body into its original or natmal ilatc, by a diffulutm.i 
or Icpaiation of its aggiegatcd parts. Thus, Row 
and ice are fald to be lelolved into water; water le- 
folvcs in vapour by heat; and vapour is again lefob/d 
into water by cold ; alfo any compound is lefoLed mio 
its ingredients, &c. 

Some of the modern philofophers, particululy 
Boyle, Marlotte, Boerhaave, hCy maintain, that t';ie 
iiatuial (late of water is to be eongeahd, or in iec ; 111 
as mwch as a certain degree of heat, which is a forci;;n 
and violent agent, is required to make it fluid: fo that 
near the pole, where this foreign agent is wanting, it 
co:i!lantly lelainsits fixed or icy lli’.e. 

Resolution, or Solution, in Mathematics, ii 
an orderly enumeration of ll\eral things to be done, la 
obtain what is required in a problem. 

Wolfius makes a problem to cot.lid of three pails ; 
The proprfition (or what is piopcrly called \.\\q pr o!i!i.,n J t 
the Rijolutlony and the dimonJlriUiotu 

As foon as a problem is demonfttated. It isconveited 
Into a tlicorcm ; of which the Refolution is the hypu- 
thefis ; and the propofition the tlielis. 

For the procefs of a mathematical Refolution, fee the 
following article. 

Resolution in Algebra^ or Algebraical Risolu* 
TioN, is of tw^o kinds ; the one pradifed in numerical 
problems, the other in geometrical ones. 

In Rejolving a Numerical Frohlm Algebraic ally tbe 
method is this. Firfi, the ^iven quantities are diltin- 
guilhed from thofe that are iought ; and the former de- 
noted by the initial letters of the alphabet, but the latter 
by the lall letters. — 2 . Then as many equations arc 
formed as there are unknown quantities. If that can- 
not be done from the propofition or data, the problem 
is indcteiminate ; and certain arbitrary affumptions 
mull be made, to fupply the defied, and which tan 
faiisfy the quellion. When the equations are net con- 
tained in the problem itfelfi, they are to be found by 
particular theorems concerning equations, ratios, pro- 
portions, &c.— Since, in an equation, the knowm and 
unknown quantities arc mixed together, they mull be 
feparated in fuch a manner, that the unknown one le- 
raain alone on one fide, apd the known ones on the 
other. This nedudion, or reparation, is made by ad- 
dition, fubtradiion, multiplication, divifion, extradion 
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of root*, andralfing of powers; refolvinjs: eveiy kind 
of combination of the quantities, by their counter oi* 
reverfe ones, and performing the fame opeintiun on all 
the qiiautiiies or terms,, on both fljrs of the equation, 
that the equality may dill be prtl'eMed, 

' Th Re/o/vc a Gtmdrical VrolLm yll^chrakally , — , 
The fame fort of ojicrations arc to be preformed, as In 
the former a? title ; belides fcvcial olluis, that depend 
upon the nature of tlie diagram, and geometrical pio- 
peilies. As id, the thing required or propoled, iiuifl 
be fuppofed done, the diagram being diawn or con- 
llrudled in all its paits, both known and unknown. 
2 , We mud then examine the gcometiical itl.uions 
w])i<h ihc lines of the fgnrc have among tlu-infelves, 
witliout icg.udiug vshetlier they are known ui unknown, 
to hud what etpiations iiile from iho'c itlilions, for 
fmding llie unknown qnaritlties. It is often ueeef- 
fary to form iimilar tilangles and redang.U*!, fuinctimes 
by pioelueing of lines, or chawing paiallels and per- 
peniliculai'^, and (oiming equal anglti^, 54c; till equa- 
tions can be foimtd, from them, ineliiding both the 
known and unknowm tjuantities. 

If wc do not thus anive at proper equations, the 
thing is to he tried in fome lyther way. And fomctimcs 
the thing- itfelf, (h it is required, is not to be fonpjit di- 
rcdly, but feme oiln r thing, beaiing certain ulatlons 
to It, by nteans of whicli it may be found. 

I'lie final (quatlon being at hill anivtdat, the geo- 
inetiical condrudit)n ioto be deduced fiom it, which ia 
performed in various wa) s according to the different 
kinds of equations. 

Rlsolu rioN nf Forces i or of Motion^ is the rcfolving 
or dividing of any one force or motion, into feveral 
oiheis, in other diredions, but wlilcli, taken together, 
flhill have the fame elFed as the fmgle one ; and it is 
the reverfe of the compofition of forces or motions. Sec 
thtfo articles. 

Any linglc dired force AD, 
may be rcfoivcd Into two oblique 
forces, vvhofe quantities and di- 
rections are AB, AC, having the 
fame effect, by defciiblng any 
parallelogram ABDC, whofe dia- 
gonal is AD, And each of thefe 
may, in like manner, be rcfolved 
mto tw'o others ; and lo on, as far as wx plcafc. And 
ail tliel'e new- forces, or motions, fo found, when a^itiiig 
together, will produce exadly the fame tffed as the 
Imgle original one. Sec alfo Collision, Percus- 
sion, Motion, &:c. 

R.ES1\ in Phyfics, the continuance of a body in 
tae fame place ; or its continual application or conti- 
gijity to the fame parts of the ambient and contiguous 
botlics.-~See Space. 

Rfff is F\x\\ov abfolule or relulivct as place is, 

^ome define Reft to be tlie ftate of a thing wu’thoiit 
t^otion ; and hence again Reft becomes cither ahfoliiie 
®r rrlaiive, as motion is. 

Newton defines true or abfolutc Reft to be the con- 
tinuance of a body in the (aine part of abfolutc and im- 
•Tioveable fpacc j and relative Reft to be the conllnu- 
l^ody in the fame pait of relative fpacc. 
thus, in a fbip under fait, iclativc Reft is the contl- 

tiaiice of a body in tbe fame part of the fliip. l^ul true 


or abfolute Reft is its continuance in the fame part of 
univerfal fpacc iu which the (hip itfelf is contained, 
Hence, it the earth be* really and abfolutcly at Reft, 
the body relatively at Reft in the ftu'p will really and 
abfolutcly move, and that wntlr tlm fame velocity as the 
ftup itfelt. But it the e.ii tli do likcwife move, tlicre 
will then arifea real and abfolute motion of the body at 
Reft ; paitly from the leal motion of the eaitli in abfo- 
liitc Ipacc, and partly from the relative motion of ihr^ 
flrip on the fca. Lallly, if the liody be likewife relatively 
irKwcd in the (hip, Usual motion will aiifepaitly from 
the real motion of the raithiii immoveable fpace, and 
paitly fiotn the icbtivo motion of the (hip on the fea, 
and of the bi'dy in the Oiip. 

It is an a\iom In pliilolnpiiy, that matter is indifTercnt 
as to Reft or motion, lienee W wton la^s it dcnvii, a# 
a law ot nature, that every body peiftvcus in its (late, 
elihcrof Keil or uniform mulion, cxcejit fo far as it is 
dillmbed by external eaufes. 

'flic Caitefiana aftln, that rirmncfs, hardnefa, or 
folidity of boditr, coniills In this, that tlieir parts aie 
at Reft with regard to each other ; and this Reft they 
ell abliftr as the great nexus, or jninciplc of eoIiefion,by 
which the parts aic contused togethei . On the other 
linnd, they make fluidity to 001)1)11 in a peipctual mo- 
tion of the paits, 5 >.c. But the New Loiiian plulofophy 
furnifties us with much better lolutions. 

Maiipeituis alhrts, thatwlun b(K)Ie< are in ccjulli- 
brio, and any (mail motion is imprefled on th:m, the 
qiiant'ty of av'dion relulting will be the had poflihle. 
Tin's he calls tlic law of Rf; ami fiom this law ho 
deduces the fundamental propulkioii of llatlcs. See 
Beilin Mem, tom. 2, pa, .'9^. And fuun the fame 
principle too he deduces the laws of peie union. 

RES riTUTlON, in rhylics, the u turning of elnf- 
tic bodies, foicibly bent, to their natural Itale ; by 
fome called the* mtjionof R jhtuthfn, 

RETARDATION, in Phylics, the aed of retard- 
ing, that is, of delaying the motion or progicls of a 
body, or of dimininiing its velocity, 

'riie Retardation of moving bodies ailfesfrom tw’o 
gieat eaufes, the rerilluiiee ot lire medium, and the 
foice of giavity. 

The Re I Ann at ION from the RfiJIancc is often con- 
founded with tin- relidance lift If ; lieeaufi’, with rcTp''6t 
to the tame moving body, thev aie in tlie lame pro[)or- 
tion. 

But with refpcA todifhrent bodies, the fame lefift- 
an«-e oftm geiieialcs difleicjit ITtardalions. For if 
bodiesof equal bulk, but dllieie*nt denfules, be moved 
thnnigli the fame fluid with Kpiil veloniy, the fluid 
w ill art equally on each ; fo that rliey will have cijual 
refiftances, btit different Rctaidatiors ; and the Re- 
tardations will be to eachoihc', as tin- velocities wliicli 
might be generated by the Irime force'’ in the bodies 
propofed ; that is, they aie inw i ftly a. the quantities of 
rnnttei in the bodies, or iineiiely as the dcnlltiea. 

Suppofc then bodies of iqual {leiility, but of une- 
qual bulk, to move equally fall ihumgh the fame fluid 
then their refiftanccs incrcalJ according to their fuper- 
fides, that is as the fquares of their diameters; but the 
quantities of matter aie increafed according to their 
nrafs or magnitude, that is as the cubes of their dia- 
meters : the rcliftanees arc the quantities of motion ; 
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ihc RctardaTionn arc the celcrltie* arlfing from them ; 
and the quantities of motion by tlif quantities 

matter, we Oiall have the ctlerities; iherrforc the 
RvtardatJons are dired\ly as the fq'iares of the diametcri* 
ind in\cilrly a^he cubes of the diameters, that is in- 
verftly as tl^e diairciers themfelves. 

If thebo lics he of equal magnitude and denfity, and 
moved tjjroujjh different fluids, with equal celerity, 
tluir Retardations are as the denfuies of the fluids. 
And when equal bodies are carried throuj»b the fame 
•fluid with dilferent velocities, the Retardations arc as 
the ftiuaresof the velocities. 

So tlMt, if j denote the fupcrficies of a body, w its 
weight, rf its diameter, v the velocity, and n the den- 
■fiiy -of ‘the fluid medium, and N that of the body; 
then, in fnnilar bodies, the refiflance is as nsv'^ or as 
nd*v^, and the Retardation, or retarding foicc, 

tiV^ 

ora5-^= ~^^. 

The Retaroation from Gravity is pcailiar to bo- 
dies prme6fed upwards. A body thrown upwards is 
retarded after the fame manner as a falling body is ac 
celerated ; only in the one cafe the force of gravity 
confpires with the motion acquired, and in the other it 
ails contrary to it. 

As the force of gravity Is uniform, the Retardation 
from that caufc will be equal in equal times. Hence, 
as it is the lame force which generates motion in the 
falling body, and climinifhcs it in the rifing one, a body 
rifes till it lofe all its motion ; which it does in the fame 
time in which a body falling would have acquired a ve- 
locity equal to that with whicli the body was thrown 
up. 

Alfo, a body thrown up, will rife to the fame 
height from which, in falling, it would acquire the 
fame velocity with which it was thrown up : therefore 
the heights which bodies can rife to, when throwui 
up with different velocities, arc to each other as the 
fquares of the velocities. 

Hence, the Retardations of motions mav be com- 
pared together. For they arc, firll, as the fquares 
of the velocities ; jdly, as the denlilies of the fluids 
through which tlie bodies are moved ; jdly, inverfely 
as the diameters of tbofe bodies ; 4thly, inverfely as 
the dciilities of the bodies themfelves ; as cxprclfcd by 

the theorem above, viz, 

The Laws of Retardation, arc the very fame as 
tliofc for acceleration ; motion and velocity being de- 
ft roved in the one cafe, in the very fame quantity and 
piopoTiion as it is generated in the other. 

RETICULA, or Reticule, in Aftronomy, a 
contrivance for meafuring very nicely the quantity of 
eclipfes, &c. 

This inllrument, introduced fome years ftneeby the 
Paris Acad, of Sciences, is a little frame, confiding of 
13 fiueJi!ken threads, parallel to, and eqiiidiilaiit from 
c..ch otlier placed in the focus of objedt-glafles of te- 
Rfeopes ; that i«, in the place where the image of the 
luminary is painted in its full extent. Confequeutly the 
diameter of the fun or moon is thus feen divided into 
12 equal parts or digits ; fo that, to find the quantity of 


the eclipfe, there Is nothing to do but tto number the 
parts that arc dark, or that arc luminous. 

As a fquare Reticule is only proper for the diame- 
ter of the luminary, not forthc circumference ot it. it 
is h'metimes made circular, by drawing 6 conccuitric 
cquidiilant circlts ; wliich repiefents the phalts of tl^e 
eclipfe perfcdlly. 

But it is evident that the Reticule, whether fquare 
or circular, ought to be perfeCUy equal to the diamete- 
or circumference of the fun or liar, I'uch as it appears in 
the focus of the glafs ; otherwife ihedivilion cannot he 
jurt. Now this is no eafy* matter to cfl'edl, becaufe the 
apparent diameter of the fuii and mooii differs in each 
ccIipfe ; nay that of the moon differs fiom itielf in the 
progiefsof the fame eclipfe.— Another imperfet)ion in 
the Reticule is, that its magnitude is determined by 
that of the image in the focus ; and of conlequence it 
will only fit one ccitalu magnitude. 

BiitM. dela Hire has found a remedy for all thtfc 
inconveniences, and contrived that the lame RetlLulc 
ftiall ferveforall telefcopes, and all magnitudes of the 
luminary in the fame eclipfe. 'The principle upon 
which his invention is founded, is that two object -glaffcs 
applied againll each other, having a common focus, and 
thtfe forming an image of a ceitain magnitude, thu 
image will incrcafe in proportion as the dlllance be- 
tween the two glaffes is increafed, ns far as to a certain 
limit. If therefore a Reticule be taken of fuch a 
magnitude, as jull to comprehend tliegtcatell diarnttei 
the fun or moon can ever have in the common focus (d 
two objed* glaffes applied to each other, thcie needi 
nothing but to remove tlitm from each other, as the 
liar comes to have a lefs diameter, to have the image 
dill exadly comprehended in the fame Reticule. 

Fartlicr, as the lilken ilircads are fubjed to fwenc 
from the parallelilm. kc, by the different temperature 
of the air, another iraprovtmciit is, to make the Kcti- 
ctile of a thinlooking-glafs, by draw ing lines or ciuKs 
upon it with the line point of a diamond, bee Mi* 
CROMETER. 

RE TIRED Flank, in Foitification. See Flank. 

RETROCESSION of Curve^y See Retro- 
gradation. 

Retrocession cf the Equinox, Sec Precession. 

RETROGRADATION, or Retrogression, in 
Aftronomy, is an apparent motion of the planets, ly 
which they feem to go backwards in the ecliptic, a|d 
to move contrary to the order or fucceflioii of the 
ligns. 

When a planet moves in confequentia, or according 
to the order of the figns, as from Aries to Taurus, fp’na 
Taurus to Gemini, ^:c, which is from weft to eaft, it 
fald to be direH , — When it appears for fome da) s ui 
the fame place, or point of the heavens, it is faid to h^^ 
Jlationary , — And when it goes in antcccdentla, or bat 
wards to the following ligns, or contrary to the » «;• 
der of the ligns, which is from call to wtft, d i^ 
faid to be retrogtadj. All thefc diffeient .iffecinxis 
or circum fiances, may happen in all the planetr, cxirpt 
the fun and moon, which are feen to go dirtd o>'i)- 
But the times of the fupcrlor and inferior plauttsbj- ng 
retrograde arc^ifferent ; the former appearing fo abou 
their oppoiltion, and the latter about their 
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tiioii* 'X^aC integrals of time alfo between two Rc- 
trogradations of the feveral planela, are very uni 
equal : * 

In Saturn it Is i year 13 days, 

In Jupiter - - i - - 

In Mars - - 2 • - 30 

In Venus - - i . - 220 

In Mercury - o % - 113 

Again, Saturn continues retro^ade 140 days, Tupi- 
ter 120, Mars 73, Venus 42, and Mcicury 22 ; or 
nearly fo ; for the feveral Retrogradations of the fiinc 
planet arc not conftantly equal. 

Thefe various cii-cnmlbnces however in the motions 
of the planets are not real, but only apparent ; as the 
incquahties^nTe from the motion and pofition of the 
earth, from whence they are viewed ; for when theyaa* 
eoniidered as feen from the fun, their motions appear 
a ways uniform and regular. Thefe inequalities aic 
thus explained j 

i,c-t S denote the fun j and ABCD &c the path or 
uibit of the earth, moving from well to call, and in 
iJiat order; alfo GK &c the orbit of a fiiperior planet, 
as baturn for inflance, moving the fame way, or in the 
».iicC:tion GKLG, but with a much lefs celerity than 



have moved forward in the zodiac from O to R. And 
fo on ; the luperior planets always becoming rctiogradc 
a little before they aie in oppofition to the fnn, and 
continuing fo till tome time after the oppofition : the 
retrograde motion being fwiftcll when the planet is in 
the sxry oppolition itfclf ; and the dired motion fwifi- 
et when in the conjmidion. The aicK KOwhich the 

anct defenbes wlule thus t ctrograde, is called the ai cU 
01 Retrogiadatioii. Tlictc arches are unequal in all 
the planets, being greateft in the moll dillant, and 
gradually Ids in the nearer one?. 

In like manner m.^y be flicwn the ctrciimaanccs of the 
Retrogradalions ot the infciior pUcts; by which it 
will appear, they become ilationary a little before their 
infcuor coujuiidion, and go.ieliogiadc till a little time 
after it ; moving tlic quiekell retrograde jull at that 
comunaion, and the qulckcil dircdl jutt at the fnperior 
or fiiithcr conjunaion. 

Reirogradaiion of the NmUi of the Moot,, is a 
motion of the line ot the nodrs tif her 01 bit, by which 
it continually tliifis its fituatiou from call to wxtt, coin 
trary to the order of the ligns, completing its retrograde 
circulation in the period of about ig )eai8: after which 
time, cither of ilie nodes, having receded fiom any 
point of the ecliptic, retmns to the fame again.— New- 
ton has demondrated, in his IMncIpia, that the He- 
trogradation of the inoon’s nodes U caiifed by the ac* 
tion ot the fun, wlucii continually diaw Ing this planet 
from her orbit, dt fleas this 01 bit from a pi. me, and 
caufes its iiittifeaion with the ecliptic continually fo 
vuiy ; and his determinations on this point have bcci| 
conflnned by obfei \alion. 

Kr rRoORAPA'i ion of th'j Stm, a motion by which in 
fomc lituations, in the ton id zone, lie fee ins to move 
retrograde or backwards. 

When the fun is in the toirid zone, and has his de* 
clination AM greater than the latitude of the phicc AZ, 
but tillnr noitheiu or fomhein as that i, (l.ill litr, 
above), the fun will app.ai to go letrogiade, or bai U 
wards*, both Iv'fo c and after noon, for (l,aw the* 


ihc earth’s motion. Now when the eaiih is at tin 
point A of iiooibit, kt batinnbc ?t G, in co.ijiiiu^tHu 
the liin, wh(.u it will be f ,:i •: P in the zodi k , 
fi among tire liars ; and when the earth has movxci 
ro.^n j\ to J5, let Saturn have moved from G to II in 
'uhit, when it will be feen in the line and will 

'‘Pl'car to have moved from P to f^in the' zodiac; 
‘'"lo when tlic earth has got to C, kt Satniu be 
Prrived. at I, but fouml at R in the zodiac, wIimc 
> cing feen in the line Cl R, it appears flationary, or 
'Without motion in the zodiac at R. But after this, S.i- 
^^^'n vvill appear for feme time in Refogradation, viz, 
»noving backwards, or the contrary way : for when 
e earth has moved to D, Saliirn will have got 
and, being feen in the line DKQ, will ap* 
moved retrograde in the zodiac from 
Qj about which place the planet, cea/ing- to re- 
any farther, again becomes Itationary, and after- 
proceeds forward again ; for wliile the earth 
J from D to E, and Salvini from K to L, this 
uow ften io live line ELR, appears to 


Vd'tieal Clide ZGN to be a friniicnt fo ilic /nil’s di- 
nrnnl Lirdc MGO in G, and .iin ther ZOiV tliioiigli 
the fun’s iifing, at O; llun it is ;,]] 

the intermcdi.Ue v.-itli.il did(.^-(n'. )iiv fun’s dimnal 
( iiele twice ; full in tbearcCiO, ;\.,(] th j h i 01 d time 
in the me (il. .So tli.at, .1; fix i.in d'* -nd i t lirongh 
theaicGO, he contiinially ai.i’ rs il fm f I*cr end fai tlier 
veithnl.s. But .ns he coiKiniK s li'i! alcent tlnoiigh the 
arc Gl, he rclnins to bis fnn. 1.1 \titic.ik; and tlieie- 
fote Is fceii ictrogtade for fomc time b' tore noon. And 
in like manner it may be ficwn tb.it lie docs the fame 
tiling for fomc time after noon. Hence, .u the lkid.:\v 
always tends oppofitc lo the fun, the fludow will be 
letrograde twice eveiy day In all j>I.'icc'> of the tor* 
rid zone, whcic the (un’s dcclinalivm e::cecd€. the latU 
tilde. 

But the fame thing can never Imppcn without the 
tropics, in a natural way. 

Ke TROGR AD. 1TION, or Retroc R i;GS!OM, in the 
Higher Geometry, is the fame with what is otherwife 
called Jit’\ o\ Jhwnrc* See Flexor 1:, and 

Ini LiixiON. 

3 B RKTRO^ 
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’ REtROGRADE, donote« backward, or contiary 
fa tik forward or natural dncdlon. See Retrogra- 
DATrOK, 

RETROGRESSION, or Retrocession. The 
fame \vit!» Ke rR<'<SK ad ation. 

KEl’LGtNIiNCr isi/okcf ill lJt(nri( **y, is anexpref- 
fivii) ukd Lv loid Mdhpn (noweail Stanhope) to de- 
the efltO p’oduced by the rt turn of the elec- 
tiic die int<i a body fmm whieli, in ceitaiii eircumitau* 
ces i: lia. been ( xjjelf.d. 

J\) iiiidu ibiiid properly the meaning of thefe terms, 
it r.vdl be {ncmiled rhrit, accoidii^g to the noble au- 
tboi % LXpeiiment'N, an itdidiiUtl buoOth body, immer- 
p(.d within the elt^Gtiurd atmoiplu iv, but bjoiidthc 
linking (liibince ot am iher bod^ , charged poluivcly, 
is at the lame time in ii lla e ol th.uelold ekctricity. 
The end ntxt to the charged body aequires negative 
clc<"liicity , the faither end is poliuvily elidiilied; 
Vi'hile a certain part ul the body, fomewhtre between 
its two extremes, is In a oaiunil, unelcifi rilled, or luii. 
tr.il date ; lo that tfie two conlraiy eleCliicities halauee 
taeli other. It may farther be added, that if the body 
be not i'lrnlakd, hat have a coinmunicalion with the 
earth, tire wh<;lcof it will be In a negative date. Sup« 
pofe then a brafs ball, vthicb may be called A, to be 
eoiidantly placed at the di iking ditlance of a prime 
conductor; fo that the condutbor, the inllant when it 
becomes fully charged, explodes into it. Let another 
large oi fecond condudtnr be fufpended^ in a perfciflly 
infiilated date, farther from thcpiime conciudlor than 
the drikliig dillance, but within its elcdlrical atmo- 
fphere ; let a perfon Handing on an infulated llool 
touch this I’ccond cundiudor very lightly with a finger 
of his right baud ; vvlule, wiili a finger of his left 
band, he communicates with the earth, by touching 
very lightly a fecond brafs ball fixed at the top of a 
metaliic (land, on the floor, which may be called B. 
INow while the prime conduddor is receiving its eledlri- 
eity, fparks pais (at lead if the di dance between the 
two coiidudtors is not too great) from the fecond con- 
dudlor to the right hand of the infulated perfon ; while 
limilar and fimuTtaueous fparks pafsout fiom the linger 
of his left hand into the fecond metallic ball B, com- 
'municcTting with the earth. At length however the 
prime conductor, having acquired its full charge, fud* 
denly ftrikes into the ball A, of the firft metallic Hand, 
placed for that purpofc at the Hi iking diftancc. The 
explofion being made, and the prime conductor fiidden- 
ly robbed of its elaftic atmofpliere, its prelTurc or adlion 
OH the fecond condudlor, and on the infulated perfon, 
as fuddciily ccafes ; and the latter indantly feels a 
fmari Returning Stroke, though he has no- direct or 
\ifible communication (except by the floor) with either 
of the two bodies, and is placed at the diftancc of j 
or 6 feet fiora both of them. This Returning Stroke 
is evidently occafionedby the fudden re-cnirancc of the 
ek£tric fire naturally belonging to his body and to the 
fecond conductor, which had before been expelled from 
them by the ad ion of the charged prioic condudor 
upon them ; and which returns to its former plarx hi 
the inftant when that adion or elaftic prtfiure ceafes. 
When the fecond condudor and the infulated perfon 
|rc placed in the denfeft part of the eledrical atmo* 
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fphere of the pHme' coridiidor, or juft beyond the 
111 iking diftance, the effeds arc ftill more confiderab'- ; 
the F Liurning Stroke being extremely fevere and pur., 
gent, ami appealing coi/iderably (harper than even the 
main llroke itGlf, nccivcd direCtly from the prime con- 
duet(!r. Lord M ilion oblerves, that perfons and ani. 
m ds may be deltroytd, and pauiciilar parts »'f biukhn; $ 
may be much damaged, by an eledrical Returning 
Stroke, occafioned even by fome veiy diftant expkdion 
f.orn a thunder cloud ; pofiibly at the diftancc of a mile 
OP more.. It is certainly not diflicnlt to conceive that 
A chaigtd ‘'xtenfive thunder i loud muft be prouiFtive 
of f fleets fimilar lo thoft produced by the prime con- 
du.'tor; but perhaps die cdeds are not fo great, nor 
the tlanger lo terrible, as it feems have been ap[>iclien(j ■ 
cd. If the quantity of ele<‘lrjc fluid naturally con- 
ti:;icd, for example, in the body of a man, w’erc im- 
nicnfe or indeliiiite, then the eliimate between the 
clFeds producible by a cloud, and thofe cauhd by a 
prime condudor, might he ad.mitted ; but fiirelv no 
elutiical cloud CtUi expel from a body more than tliS 
iiaiural quantity of eledricity which this contains, On 
the iudden removal tlieicfore of the piefl'urc by vvliicli 
this natural quantity had been cxpelhd, in conrequeiiee 
ol the explofion of the cloud into the e uth, no moic 
(at the utmoft) than his whole natural flock of elee- 
tiiclty can re-enter his body, provided it be fo lituateil, 
that tlK returning file of other bodies muft neceflanly 
pafs through his body. But perhaps we hive no rea- 
lun to fuppofe that this qnmtity is fo great, as that 
its fudden re-entrance into his body ftiould deftioy or 
injure him. 

Allowing therefore the exiftcncc of the Returning 
Stroke, as lidriciently alccrtained, and well illudratid, 
In a variety of circnmftances, by tlie anthor^s experi- 
ments, the magnitude and danger of it do not feein to 
be fo alarming as he apprehends. See Lord Mahon’s 
Piinciples of Elciffricity, 6cc. 410. i7';9, pa. 76, 
113, and 131, Alfo Monthly Review, vol. 6:, 
pa, 436. 

REVERSION ^ in Algebra, is the find- 
ing the value of the root, or unknown quantity , 
whofe powers enter the terms of an infinite fciies, 
by means of another infinite feries in which it is 
not contained. As, in the infinite feries 3 = c-r 
■L » tben if there be found 

.V = Az -b Bz* -H &c, that feries is invert- 
ed,. or its root x is found in an infinite feries of 
other terms. 

This was one of Newton^s improvements in analiHs, 
the firft fpecimen of v'hicb was given in his i^naly 
per jEquationes Numero Terminorunv Infiiiitas ; and 
it is of great ufc in refolving many problems in various 
parts of the mathematics. 

The moft ufual and general way of Reverfion, is to 
afliime a feries, of a proper form, for the value of the 
required unknown quantity ; then fubftitute the power# 
of this value, inflead of thofe of that quantity Into 
the given feries ; laftly compare the rcfulting terms witH 
the faid given feries, and the values of the alTumed 
coefficients will thus be obtained. So, to revert the 
feries z =: ax -t bx* -f &c, or to find the value of 
ar in terms of %\ alTumc it thus> xs= A« + Bz* + C** 
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<cC8 rtieii hf involving this fenVg, for the fcveral 
powers otxt and multipMng the con erpouding powers 
by at there remits 

* = jA* + -f. aCz^ + Slc. 

+ bA*z* + ^ 2/>ACx^ 

4 * 

4* fASjsi -p 3/-A'Ha^ 

+ cIA^z* 

TThfn by comparing toe cori'crponding terms of this 
lai’i feiies, or making their cotfficicnts^ual, thtM*c arc 
ohiained thefe equaiions, viz, 

<7A-.i,and^jB + <^A*=o,and/?C-h 23AB -f rA*=:o, 
&f, which give thefe values of the alTumed cocfllcients! 

VI/, 

A=r— ;B=-i^ = _i.. 
a a a'^* 


1)= - 


2^AB + /A3 2M - 4 

a ‘ ^ ^ > 

2bAC 4 - -h yA^B + //A^ 




and confequciitly 

v = Salc-U^- aM _ 

a tii ^7 

f c ; "’*‘1^'];' »8 therefore a general formula or tlieorcm 
h.r evtry fcries of the fame kind, as to the powers of 
i je quantity .r. Tims, for 

y-i.v.||tSuppofe It w'cre required to revert the fcries 

t =_- .V - A* f A* - A^, 3CC. 

Here = i, ^ = - 1, ^ = I, ~ 

V huh values of thefe letters being fuhllituted 'in'thc 
tl voien^ there relults a’ q, ^3 

v.lueh IS that fencs levcitcd, or the value of w 
in It. 

In tl-.e fame way it will be found that the theorem 
tor level ting the iencs 

z zr a.v + bx^ T t-A * + &c, is 

4. litzUL.x <»V+ 

a a* ^7 * "* .In ^ — > 


And if a =r ax + lx +"+ 

“ , i±? 

•V =: y"* “ jL.y ® q. ( I T + fff) hh — 2 mac 
Zmmaa 


where y 18 = -^. 

a 

^rious methods of Revcifion may he fe’cn as given 
T AJe hloivre in the Philof, Tranf* nnmlcr 240 ; or 
Algebra pa. 263 ; or StuarlV Explanation 
^ Analyfis, &c. pa. 455 ; or Coulfon^s Com* 
nt on Newton’s Flux. pa. 219 ; or Hoi/lcy’s ed. of 
* works vol. I, pa. 291 ; or Simpfon^s FluXr 
pa. itz i or moll authors on Algebra. 


REVETEMENT, in Fortifitaiion, t ftrong 
built on the outfide o.f the rampart and parapet, 
to tupport the eaith, and prevent ita rolling {tit6 the 
ditch. ° 

RKVOLUrrOM, in Geometry, the motion of ro.- 
tation of a lino ahout a Ii\c'd point or centre, or of 
any hgnre ahoiu a li^d n\is, ,)r upon any line 01 fur* 
face. 1 hus, the Rovch:u..n of a given lino about a 
fixed cciitie, geiuKiics aciiele; and that of a right- 
nngtod triangle about (uie fuio, as an axis, generates a 
Cone ; ami th.it of a femii uele about its diameter, gene- 
rates a fpi.eie or globe, bS^e. ° 

Ri:vi)LunoN, in Allroiunny, is the period of 
a liar, p] Hies or comet, .Ve ; or its eou He from 
any point of its orbit, till it letiun to the fame 
again. 

The plincts have a twofold Revolution. The onfc 
about their own axis, ufUally called their ^//t/rW ro- 
which eonllitutcs their day. The other about 
tile fun, called liielr annual /hvolulion, or pnioilt con- 
flit iiting tluir year. 

REYNKAU (Cuarm.s^^enk), commonly called 
Father R 'ynean, a noted French mnihematiciaii, was 
born at linfi'ac in the piovince of Anjou, in the year 
1656. At 20 years of age he entered hindUf among 
the Oratorians, a kind of ubgimn order, In which 
the members lived in community without making any 
vows, and applied ihemfelves cliiclly fo the edneation 
of youth, lie was foon after lent, by his fuperiors, to 
teach philolophy at IV/cnas, and then at Toulon. 
This rcquiiing fomc acquaintance wirl/gcometry, hO 
conlraiflcd a great affei^ion for this feience, wliich he 
cult ivated and improved to a great extent j in confe- 
quence he was called to Angers in 1683, to fill the 
mathematical chair; and tlie AcadcUiy of Anger* 
cleAed him a member in 1694. 

In this occupation Father Reyncaii, not content 
with making himfi If mailer of every tiling wortli 
knowing, which the modern analyfis, fo fuiitful in 
fublime fpeculatlons and ingenious difeovcrics', had al- 
icady produced, undertook to reduce into one body, 
for the life of his feholars, the pi incipnl theories feat*, 
tered here and there in Newton, Deleartes, Leibnitz, 
Beinonlli, the I.cipfic Ads, the Memoirs of the Pari® 
Academy, and in other works; treafurcs which by 
being lo widely difpcifed, proved much lefs ufcTul than 
they otherwife might have hccn. The fruit of this 
mideitaking, was his /hwlyp Drmntrtc, or Ana- 
F fis I'tmonllratcd, which he publifhed in 2 volumes 
4to, 1708. 

Father Reyneau called this iifeful Work, Analyfii 
Denioriftratcd, becaufe he dcmonllrates in it fcvcral 
methods which liad not been demonflrated by the au- 
ihois of them, or at leall not with fuflicient perfpicii- 
ity and exaitnefs ; for It often happens that, in matters 
of this kind, a perfon is clear in a thing, without being 
able to demonftratc it. Some pcifons too have been 
fo miftakingly fond of gloiy as to make a fecret of 
their demonftrations, in onlu to perplex thofe, whom iiC 
would become them much belter to iiillrudt. This 
book of Reyncau^s was fo well approved, that it foon 
became a maxim, at lead in France, that lo follow him 
was the bed, if not ilie only way, to make any extra. 
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^dinary prc^rcfn in the nfiathcniaticg. This was 
conlidcr ing him .ns the firll inaftcr, as the Euclid of 
^he fublitnc gcotnetiy. 

Kcyneaii, aftt r thus ;;iving lefTons to thofe who un- 
do Hood fomvlhirig of geometry, thought proper to 
draw up fornc lor fuch as were utteily uiKicquainteJ 
\viih th;it h ieiKC. This was in fome menlure a con- 
dc!een''on in hirr, but his palhon to };(' uh-fnl made it 
cafy and agreeable, in 1714 he pubhlhcd a \(dume in 
4to on ciihulalion, under the lit k* of ^'urnt'e iJu Cnlcul 

Ghintifurs^ (»f m Inch the t ht n Cenlor Roy al, a nioH 
iiUelligtnt and impartial judge, j iys,iu hi> cippiobation 
of It, that “ th(iiigh ftveral hoob^ liad .a!;-, idy apjH'ar* 
td up<'n the la v lubjti'f, liuh a iieatui as that be- 
fore him was ibil wanting, as in ii e\e»y thing was 
handled in a ni'inicr iufheiently ixtcitivc, and at tlie 
fame time wit a all poiriblo CMi‘'‘trciS ami jterlpicuitv.” 
In tho .ph troll hrai. dies of th.c matbtinalicu had 
been will Ireat^d of befote th it period, tberc were yet 
iro good e]eTT!e''»s, even of jmadital gconutr). 'I hole 
wIk) knew no more than what prccd'Jy Inch a hook 
ought to conlatn, knew K'O liule to complete a good 
one; and thofe who knew more, thonglit ihemicbes 
prohahl) .ihove the tafK ; wherLas Rt yneau pollelkd at 
once all the leaia. 1 and modvily neeedaiy to under- 
take and exeeule Im h a sso.k. 

Asfooii as the Rov I Ae.iderny of Sciencer, at Paiis, 
in coiiUquence of a icqulatiou made in the year 1716, 
opened Its doors to other Irnrnul men, uuden' the title 
tif I'ri'i' AjfoLtates^ Father IF yneaii w'as admitted of the 
jiumher. I'he woiks however whieh we liave already 
iTjeutioned, befides a Irnall pitec upon are tlic 

only ones lie ever publiihed, or prob<jbly ever con>- 
j)oled, except mo!\ ol the inaltrials for a Rcond volume 
of his Science ilu Ca'cui^ which he left behind him in 
rnanufeript. The lalt yeaib of his life were attended 
ivith too much lickncfa to admit of any extraordinary 
application. He died in 17 28, at 72 years of age, 
not more regretted on account of his great learning, 
than of his many virtues, which all confpired in an 
eminent degree to make that learning agreeable to 
thofe about iiim, and nfelul to the world. The lull 
men in Fiance deemed it am honour niul a happinefs to 
count him among tlieir fiieuds. Of this number were 
the chancellor of that kingdom, and Father Malle- 
bianche, of whom Reyncau was a zealous and Fdthful 
difcinle. 

RHABDOLOOY, or Rabdolocy, in Arithme- 
tic, a name given by Napier to a method of perform- 
ing foine of the more ddbeult operations of numbeis 
by means of certain fcpiare little rods. Upon tbefeare 
inlciibed the ftmple numbers; then by ihifling them 
according to certain rules, thofe operatioirs are per- 
i^jrtned by fimply adding or fubtrafling of the numbers 
as they Hand upon the rods, See Kapier’s Rabdo- 
logia, printed in 1617. Sec alio the aitiglc Napier’s 

Mjner. 

RHEO-wSTATICS, isufed by fome for the ftatics, 
or the fcience of the equilibrium of fluids. 

RlIETlCUi (George Joachim), a noted Ger- 
man ailronomer and mathematician, who was the 
colleague of Relnhold in the untverfity of Wittem- 
betg, Icing joint profeiforB of maibcmalicB there togC'. 


ther. He was bortvat Feldkirk in Tyrol the tyth of 
February 1514. After imbibing the elements of the 
mathematics at Tigiiri with Ofwald Mycoiie, he went 
to Wittemberg, where he diligently cultivated tlut 
fcience, Here he was made mailer of philofophy iti 
1535, and profeffor in 1537* He quitted this litua- 
tion however two years after,, and went to Fruenbtirg 
to put him under the aniflancc of the celcbuted C'n 
perniens, being induced to this Hep by his zi\rl 
for allronoinlcal purfuits, and the gixat f.n.e \\h:' 1 
Cupel nieus had then acquired. Rheiieub adiiUd ri 
aftiouonvr foiTome ycais, and coi’llaiitly exhoued 1 i,!p 
to peifei^l his woik, I)c wjiiJi luj 

pUfjhlhed alt'T the death of CopcrnicuR, v»/,, in 
folio, at Noiiinlierg, togetlu’ with lui illullralion of 
the fame iii a narration, (’'-il'cated to Sehotui. llcv 
too, to icniler aHroiiuniical cah uLiMoiis umi'e accuiaU', 
he began h.is wry elaborate canon of lines, t.i.igents 
anu kwin's, to 15 places of ligur^s, and to cviry u 
IlcoiuIs (d the quadrant, a dcii;;n which he did rot 
h\e qui'c to cuto! ’ tc. Tiic eapou uf lints hout*' 1 
to that 1 .i;;:’, h . :\ery 10 h cond-, ami fui t\^ v 
fi- 7,1c Ik'uikIju i1a t.ril .iild kill degree of the qt: i 
dlalll, CO’ 'piUtd Iv; ['* ii, UUe pill'ilfiK'd 111 fulio at Fiai e- 
foit 1613 by Fill 1:, whu him'tl^ addtd a few of the 
fit'l lia< s cuiuputod to ii places of fguies. But t! *: 
huger woik, or canon of fi'ks, tangents and Iccant , 
to ever) lolecond'^, waspeifcoled and publiOied att.i 
his death', vi/, in 1 59^’, hy his difeiple Valentine 0t!’o, 
matlKmatician to the liKdbwal Rinicc JFlatine ; a p<c- 
ticular accuimt and analyfis of which work may be i^;n 
in tlic Hilloiical Iniroiluction to my Logarithn.r* 

9’ . . A 

Alter the dealli of Cojiernicus, Rheticus return i 
to Wittemberg, vi/, in 1541 or 1542, and was apar' 
admitted to his oflice of profeflor of mathematics. T"i 
fuuc year, by the recommendation of Melandthon, ’e 
went to Norlmberg, wluie he found certain uianutcn! ■ 
of Werner and Regiomontanus. He aftei wards taiip' t 
mathematics at Lc plic. From Saxony he depaited a 
fecond time, for wdiat icafon is not known, and wt'd 
to Roland ; and from thence to Caffovia in Hungar\j 
whcic he died Dcociiiber the 41)1, 1576, ntar63ye.us 
of age. 

His Narratio de I/tlth Rcvoh.uoniim-Copcrmcij u-' 
firft publiflicd at Gedunum in 410, 1540; and after- 
wards added to the editions of Copernicus’s work, lie 
alfo compofed and pubilfhed Ephemerida, accurdl.^g 
to the do6irine of Copernicus, tdl the year 15^1- 

Rheticus alfo projected other works, and paitly exe- 
cttied them, thougii ifrey w’cre never publiihedj 01 
various kinds,, allronomical, aHrologvcal, geograph’- 
cal, chemical, &c ; as they arc more particu-larly nun* 
tioned ill ills letter to Peter Ramus iu the year 156^? 
which Adn’an Romaniis inferted in tire preface to the 
firH part of his Idea of Mathematics. 

RHOMB Solid, confills of two equal and right 
cones joined together at their bafes. 

RHOMBOID, or Rhomboides, j'n Geometry, n 
quadrilateral ligure, whofc oppolitc '(ides and any^s 
are equal; but which is neither equilateial nor equi- 
angular. 

Rhombus, is anobUque equilateral parallelograni ; 
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•rt whofc fidca are equal and 

parallc!, but the four angles ne»t all equal, twa of the 
oppoiitc ones being bbtuie, and the other two oppofite 
enes acute* 

The tw'o diagonals of a Rhombus interfcCl at right 
angles ; but not of a rhomboides. 

As to the area of the Rhombus or rbomboitlos, 
jt is found, lti;e tlut ot all other parallelogranin, hv' 
multiplying the Icngtir or hafe by the penpcudicular 
breadrlu 

R H < • M u s -S l\L Sec R H O M H -iJv. /.V. 

RHUMB, RuMn, or Rum, in Navigation, a ver- 
ticil ciirle of my given place or the intcrlertion of a 
pait n) lutli a circle with the horizon. Rluimhs 
tiK-refo.c coincide witli points of the woild, or of 
the lioii/mi. And hence inarlnen dirtiiiguifh the 
Kli ’ivb'i by the fame n^mes as the points and wl da. 
Ib;t \.'c may (dderve, that the Rhuinbsaie denominated 
fromilic points of the coix^pals in a ddTerent manner 
Uan the winds: thus, at lea, the noith-c.ill wind is 
tu-t which blo.vs from the north call point of the ho* 
r./'' 1 to\.a'ds tlic Otip in whicli we arc ; but we nie laui 
io • ’,! up jii the north-call Rluimb, when we go towards 
the noith-call, 

d’licy iilually reckon 3: Rhumb?, which are repre- 
fi ited b) the 32 lines in the rofe or card ot the com- 

i' iibwi defines a Rliiimb to be a line on the terieflrlal 
pioi , or Ra*comj)afi*, or fca-chait, leprcfenting one 
of the 32 winds w'hich ferve to condu<.l u veflcl. So 
tiiat the Rhumb a vcficlpurfucs iicancelved as its route, 
o) coiirfe. 

Rhumbs arc d'vided and fubdlvid^d like points of the 
Coir pals. Thu!, the whole Rhumb anCweis to the car- 
dinal point. The half Rhumb to a collateral point, 
01 makes an angle of 45 degrees with the former, 
/ind the quarter Rhumb makes an angle of 22^30' 
with it. Alfo the half-quarter Rhumb makes an angle 
of 11° j 3' with the fame. 

For a Mble of the Rliumbs, or points, and their 
diiUnces liom the meridian, fee Wind. 

Rhumu-Line, LoAOilromuiy In Navigation, is a 
line prolonged from any point of the compafs in a 
naut cal chai t, except the four cardinal points; or it 
18 the line vehich a fhip, keeping in the fame col- 
lateral point, uriliumb, ciefcribes throughout its whole 
conrfe. 


The chief pioperty of the Rhumb-line, or lox- 
odroinla, aod that from wliich fome authors define 
is, that it cuts all the meridians in the fame 
angle. 


I Ids angle Is called the angle of the Rhiimby or the 
hw'jdromic angle. And the angle which the Rl.umb- 
hne makes with any parallel to the equator, is J 
the complement of the Rhumb. 

An idea of the origin and properties of the Rhiimb- 
hne, the great foundation of Navigatuui, may be 
cmiccived thus : a ^clfcl beginning its comJe, tiie wii.d 
by which it is driven makes a ceitain angdc with the 
meridian of the place; and as we HkiII fuppufe that 
the veiTcl runs cxa^lly in the diieiftiun ot ti<c wind, it 
tnakes the fame angle with the meridian winch itie wind 
Supj^ofiug then the wind to continue the 


lame, as each point or iuRant of the progrefa may bt 
eliecmcd the beginning, the vefTcl always makes the 
fame angle with the meridian of the place where it is 
each moment, or in each point of its oourfc which the 
wind makes. 

Now a wind, for example, that is north-caft, and 
which conRquuuly mikes an angle of .;5 degrees with 
the meiidlan, i.s cqmilly noith-eail wlveicver it blows, 
.and mikes the fame angle of 4J degrees with all the 
meridians it meets. And thertfoie a venU, driven by 
the fame wind, always makes tlie kiinc angle with all 
the meiidians it metts with on the furfaee of iho 
eaith. 

If the veflel fail noith or foutli, it defcribcs the 
great circle ot a meridian. If it runs c.iil or well, 
it cuts all the mei idians at right angha, and defciibes 
either the circle of the cqualoi, or clfe a circle p.uallel 
to it. 

Bkt if the Veflel falls betv\Tcn tbc two, it docs not 
then dcfciibe acirclc ; liiice a circle, diawn obliquely to 
a meiidian, would cut all the meridians at umqual 
angles, which the vcntl cannot do. It dcfeiibcs thcie- 
forc anothei cnive, the cillntial property of which is, 
that it cuts all the ineiidiniH in tlio lame angle, and it 
13 called the kxodi emys or loxudromic cuive, or Rhuinh- 
line. 

This curve, on the globe, is a kind of fpiral, tend' 
ing continually nearer and nearer to the pole, and 
making an inlinitc number of circumvolutioiid about it, 
but without ever arriving exactly at it. But the fpiral 
Rhumbs on the globe become proportional fpirals in 
the ilercograplnc projediou on the plane of the 
equator. 

The length of a part of this Rhumbdine, or fjilral, 
then, is the dijlance lun by tlic fhip while Ihc keeps in 
the fame courfe. But as fuch a fpiral line would piovo 
vcjy perplexing In the calculation, it was neceffary to 
have the /hip’s way in a right line; which right Jiiie 
however mull have rlic eflcntial properties of the ciiivo 
line, vi/, to cut all the nun'diaris at right angles. 
The method of efFe6ling wliicli, fee under the article 

Cu IRT. 

'i fie arc of the Rluirnlidinc is not the nioite/l dlf- 
lance between any two jil.iccs tlnough whi< ii it paflcs ; 
fur the Ihoitell dillancc, »ii the fm face* of tfic globe, i'i 
an arc of the gieat circle palling ihroiigli thole places ; 
fo that it would be a /holler coiiile to jail on the arc of 
this great circle ; but then the lhq> cannot be kept In 
tlie great cinie, 1 ec.'iufe llu angle* it makes with the 
meridians is co..tuiuilly vaiying, more or lefs. 

Let F be the pole, RW il-c 
equator, ABCDKP a Ipiud • 

Rhumb, divided'iuto :iu iiuleii- 
nitc number rd equal j aiis at 
the points BjU,!), &c; llirougb 
which arc drawn the meridiiuc, 

RS, Pr, PV, and the pa- 
rallels* FB, KC, Lh, (See, rilfo 
draw the parallel AN. 'Fhcn, 
as a /hip fails along the Rhumb- 
Imc towards the* pole, or in the 
diiCiJition A BCD See, from A 
ta the diiiancc faded AK 
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li up of all the fmall eq»al {tarts of the Rliwmb 
AB + BC + CD + DErswd 
the fum of all the fmall differences of latitude 
AF + BG + CH -f 1)1 make up tlie whole differ- 
ence of latitude AM or EN j and 
the fum of all the fmall parallels FB + OC + HD 4 - 
IE is what is called the departure in plane failinpj ; and 
MK is the meridional dillance, or diflancc between the 
fjrll and lall mciidiaufi, mcafui'cd on the lad parallel ; alfo 
HW is the difference of longitude, mcafured on the 
equator. So that tlufe lali three are all different, 
vir, tlie departure, the mciidional tiillance, and tlic 
difference of longitude. 

If the (hip fail towards the equator, fiom E to A ; 
the departure, difference of latitude, and difference of 
long'tiide, will be all three the fame as before ; but the 
incridionul diflancc will now be AN, inllead of ME ; 
the one of thefe AN being greater than the departure 
FB -f GC + HD d- IE, and the other ME is lefs 
than the fanic ; and indeed that departime is neatly a 
mean proportional between thetw'o meridional ddlanccs 
ME, AN. Other properties are as below. 

1. All the fmall elementary triangles ABF, BCC^ 
CDH, &e, are mutually fimilar and equal in all their 
parts. For all the angles at A, B, C, D, &c are equal, 
4 )cing the angles which the Rhumb makes with the 
meridians, or the angles of thecourfc ; alfu all the an- 
gles F, G, H, I, are equal, being right anglp; there- 
fore the third angles are equal, and the triangles all 
fimilar. Alfo the hypotenufes AB, BC, CD, &c, are 
all equal by the Itypothefis ; and confequently the trian- 
gles are both fimilar and equal. 

2. As radius ; di (lance run AE 

: : fine ofeourfe /. A : departure FB 4 * GC 5 cc, 
: ; colin. of conrfe Z. A ; dif. of lat. AM. 

For in any one ABF of the equal elementary triangles, 
which may be confidered as fmall right-angled plane 
ti jangles, it is, as rad. or fin. Z. F : iin. courfc A :: 
AB ; FB : ; (by compofition) the fum of all the 
dillanccs AB + BC + 6cc : the fum of all the 
departures FB 4 GC 4 HD &c. 

And, in like manner, as radius : cof. courfc A : : 
AB : AF : : AB 4 BC &c ; AF 4 BG &c. 

Hence, of thefe four things, the courfc, the differ- 
ence of latitude, the departure, and the diflancc run, 
having any two given, the otlier two arc found by the 
proportions above in this article. 

By means of the departure, the length of the Rhumb, 
or diflance run, may be connctfled with the longitude 
and latitude, by the following two theorems, 

3. As radius : half the fum of the cofincs of both 
the latitudes, of A and E t ; dif. of long. RW : de- 
parture, 

Becaufe RS : FB ; : radius : fineof PA orcof. RA, 
(and VW ■; IE : ; radius : fine of PE orcof. E\V, 

4. As radius : cof. middle latitude Vi dif. of longi- 
tude : departure.— Decaufe coiine of middle latitude is 
nearly emial to half the fum of tb^ cofinet of the two 
extreme latitudes, 

RiCClOLI ( JoANNift Baftista)) a learned Ita- 


lian adronomer, philofopher,.ond matKema^ician, sifai 
born in 1598, at Ferrara, a city in Italy, in the do» 
minions of rlie Pope. At 16 years of age he was ad- 
mitted into the focieiy ofihe Jeluits, He was endowed 
with uncommon talents, whiih he cultivated with ex- 
traordinary application ; fo that the progrels he made 
in every branch of literature and ference 'va« iiii*pril‘ing. 
He was firll appointed to teach rhetoric, poetry, phi. 
lofophy, end fcholallic divinity, in the Jebiils' colleges 
at Parma and Bologna ; yt.t applied himfclf in the mean 
time to m tking obfemti mis in geography, chronology, 
and artronomy. This was his natural bent, and at 
length he obtained leave from his fupetiors to quit all 
other employment, that he might devote himlelf en- 
tiiely to thole fcicnces 

lie projedleil a large work, to be divided into three 
part i, and to contain as It were a complete fydem of 
philofophical, maihematieal, and allronomieal knoiv- 
ledge. The firft of thefe pai ts, which regards ailronorny, 
came out at Bologna in 1651, 2 vols. folio, w'ith this 
title, y. Riuioli /Jmagrjlum N'/vum^ AJlrOiv.h'inm 
•vetenm nGvamqne c^mpIcrUns^ chjdViilwtiV’us aliorum vt 
propriiSy fiovifque thtornn/tlibusy problcmatibux ac tohiihs 
promot<m. RiccioH imitated Ptoloiny in this wmrk, by 
collecting anddlgeding into proper order, with obfer- 
vatlons, every thing ancient and modern, which ixlatcd 
to his fubjed \ fo that G.iffc iulus very jutlly called his 
work, “ Promptuarium ct thefaurum ingentem Ailio- 
nomite.*' 

In the fird volume of this work, he treats of the 
fpherc of the worltl, of the Inn and moon, with their 
celipfes ; of the fixed liars, of the planets, of t'iic coim ts 
and new ffars, o»’the feveral mundane fyftems, and lix 
fedions of general problems ferving to affronomy, S:c. 
— In the fecond volume, he treats of trigonometry, or 
the dodrine of plane and fpherical triangles ; propofes 
to give a treatife of allronomieal inftnimcnls, and the 
optical part of ailronorny (which part was never 
pnbliflicd) ; treats of geography, hydrography, with an 
epitome of chronology. — The third, comprehends ob- 
fervatlons of the fun, moon, eclipfes, fixed liars and 
planets, with precepts and tables of the prlmaiy and 
itcondary motions, and other allronomieal tables. 

Riccioli printed alfo, two other works, in folio, at 
Bologna, viz, 

2. Ajironomia Reformala^ i66p the defign of which 
was, that of confiderlng the various hypothefes of feveral 
altronomers, and the difficulty thence ariling of con- 
cluding any thin|f certain, by comparing together all 
the bell obfervations, and examining what is moll cer- 
tain in them, thence to reform the principles of aftro- 
nomy. 

3. Chronologta Reformata^ 1669. 

Riccioli died in 167 1, at 73 years of age. 
RICOCHET Firing, in the Military Art, Is a 

method of firing w’ith fmall charges, and pieces elevated 
but in a fmall degree, as from 5 to 6 degrees. The 
word iignifies duck-and drake, or rebounding, becaufe 
the ball or (hot, thus difchaiged, goes bounding and 
rolling along, and killing or dettroying every thing 
in its way, like the bounding of a flat Hone ^ong 
the furfacc of water when thrown almoft horizon- 

RIDEAU, 
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RIDEAtt, in Fortification, a fmall elevation of 
earth, extending itfelf lengthways on a plain ; Icrv. 
ing to cover a camp, or give an advantage to a 
poll. 

Ridfau Is fometimes alfoufed For a trench, the earth 
of which is throv/n up on its fule, to ferve as a parapet 
for covering the men. 

RIFLE Guns, in the Mllitaiy Art, are thofe whofe 
barrels, inH cad of being' fmooth on the infide, are 
formed v\ith a number of fpiral channels, making c^k'K 
about a turn and a half in the length of the barKl, 
Thefe carry their balls both faither and truer than the 
common p cces. For the nature and qualities of them, 
fee Rollins’s Tradn, vol. i pa 328 «5cc. 

RIG EL, in Adrouomy, See Regel. 

RIGHT, in Geometry, fomelliing that lies evenly 
or equally, without inclining or bending one way or 
another. Tims, a Rightdinc is tliat whufe i.uall 
j^arts all tend the lame way. In this fenfe, 
means the lame as ftraight, as appofed to cuned or 
Ciooked. 

RiGHT-y//jjT/if, that which one line makes with 
another upon wh. ch it Hands Id as to incline ncithei to 
one fjde nor the other. And in this fenle the word 
Eight Hands oppolcd to oblique. 

KiGHT-aw^/(v/, is Lid of a figure when its fides arc 
at Right angles or perpendicular to each other. — This 
fomctimes holds in all the angles of the figure, as in 
Itjuaiesand redanglcs ^ fomctimes only in part, as in 
right-angled triangles. 

Kight Cfjjie^ or Cyliihlery orprifm, or pyramid, one 
•whofe axis is at right-angles to the bafe. 

RiGHT>-//«r^ one formed by Right lines. 

Right Slney one that Hands at Right- iqiglcs to the 
diameter; as oppofed to verfed fine. 

Right Sphere^ is that where the equator cuts the 
hoiizon at Right angles; or that which has the poles 
in the horizon, and the equinodial in the i;cnilh. 

Such is the polition of the fpheie with regard to 
thofe who live at the equator, or under the equinoctial, 
rhe confequences of which are ; that they have no 
latitude, nor elevation of the pole 5 they fee both poles 
of the world, and all the Hars ri% culminate and fa ; 
alio the lun always riks and defeends at Right angles, 
and makes their days and nighis equal. Jn a Right 
Jphere, the horizon is a meridian ; and if the fphere be 
hippofrd to revolve, all the roeiidiaifa Aicceflively be- 
come horizons, one after another. 

Right Afcenfion, Dcfcenfion, Parallax, &c. See 
the refpedive Articles. 

Right Ctrcle, in the Stereographic ProjeAien of the 
^lere, is a circle at Right angles to the plane of pro- 
J^CTion, or’ that is projeSed into a Right fine. 

Right Sailinjy'xs that in which a voyage is per- 
oinied on fome one of the four cardinal points, call, 
north, or fqiith. 

the /hip fail on a meridian, that is, north or foutb, 

K her longitude, but only changes the 

much as the number of degrees 

if ^ Qj, equator, dircfily eaft or weft, 


/he varies not hw la’Itude, but only changes theTongi- 
^de, and that juft as much as the number of degrees 
/he has run. ® 

And if fhe faildircdly eaftor weft upon any parallel,, 
fhe again dt^ts not change her latitude, but only tbe 
longitude ; yet not the Tame as the number of degrees 
of a great ciule Hie hath failed, as on the tqiiator, but 
more, accoiciiiig as tlie p.nalKl is rcmotci ftom the 
cquinoaiat towards the pole. For the Icfs any parallel 
IS, the gn .iicr is the dlilercnee of longitude aniwering 
to the diHance run, 

rigidity, a brittle lianincfs ; or that kind of 
haidiiefs^ which is luppofid to aiife fiom the mutual 
Hidcntalion of iIr- component particles within one 
another. Rigidity is oppofed to dudiility, malleability,, 
^c. 

RING, In AHronomy and Navigation, an inftru- 
meut iifcd for laking the Inn’s altitude <?tc. It Is ufually 
of brafs, abi.ut 1; iuelics dr.irneter, fufpended by alittlc' 
nvivel, at the <!;Ha,ice of 450 from the point of which 
IS a perfoiatiou, which is the centre of a quadrant of 
90'’ divided in tlie Inner concave luiface, 

Ionic it, let it be held up by the fvvivel, andtuincdl 
round to the fun, till lii * rays, falling thiough the hole, 
make a fjiot among the degrees, which marks the 
altitude required. 

Ihis inftiument is preferred before the aftrolahe, 
becdulc the diviiions are here Ihrger than on that iiu 
llrument. 

King, of Saturn, is a thin, broad, opaque ciiciilar 
arch, encompaihng the body of that planet, like the 
wooden hori/oqofau artiheial globe, without touching 
it, and appearing double, when feen through a go(3u> 
telcfcopc. 

This Ring was firft difeovered by Huygens, who, 
after frequent obfcivntion of the planet, pciccivedtwo 
lucid points, likeanfai or handles, ariling out from the 
body in a right line. Hence as in fubfeqiicntobfi rvationa 
he always found the fame appearance, he com ludtd that 
Saturn was encompalfed with a permanent Ring; and 
accordingly produced his New Syllcm of Saturn, im 
1659, Hx)wtvcr, Galileo firlt difcoveied that the figure 
of batinn was not round. 

Huygens makesthcfpace between the globe of Saturn 
and the King equal to the breadth of the Ring, or 
Hither more, being about 2 ^oco miles bioad;'and 
the greatcH diameter of the Ring, in proportion 1.0 
that of the globe, as 9 to 4 But Mr, Found, by an 
excellent micrometer applied to the Huygenian glafs of 
123 feet, determined this proportion, more cxadlly, to- 
be as 7 to 3. 

Obfci Nations have alfo determined, that the plane o£ 
the Ring is inclined to the plane of the ecliptic in an 
angle of^ 30 degrees ; that the Ring probably turn?,, 
in the dirc<Slion of its plane*, round its axis, becaufe 
Nvhcii it is almoft edgewife to us, it appears rather 
thicker on one /klc of the planet than on the other; 
and the thickeft edge has been feen on different fides 
at different times : tho fun (hinea almoft i § of our years 
together on ohc fide of Saturn’s Ring without fetting, 
and as long on the other in its turn ; fo that the Ring^ 
is vifiblc to the inhabitants of that planet for almoft 1 5 
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onr yenrf, and as long invlfible, hj turns, if its axis 
lias no Inclination to its lllng ; but if the axis of the 
planet be inclined to the Ring, ex. gr. about 30 degrees, 
the Ring will appear and difapptar once every natm;al 
day to all the inhabitants within 30 degrees of the 
equator, on botli fidcs, ftequently ecllpfing the fun in 
a. Saturnijn day. Moieover, if Saturn’s axis be fo 
inclined to his Ring, it is perpendicular to his orbit; 
by which the inconvenience of (lifTcicnt Icafons to that 
planet is avoided. 


U'JN 

This Ring, feen from Saturn, appears like a latge 
luminous arch in the heavens, as if it did not belong to 
the planet. 

When we fee the Ring moil open, its fliadow upon 
the phnet is broadcil ; and from that time the ihadow 
grows narrower, as the Ring appears to do to us ; until, 
by Saturn’s annual motion, the fun comes to the plane 
of the Ring, or even with its edge ; which, being then 
dirc6lcd towards us, becomes invifiblc, on account 0^ 
its thinnefs. 



The phenomena of Saturn’s Ring arc ilhiflratcd by a 
^lew of this figure., l.ct S be the fun, ABCDEFGH 
Saturn’s nibir, and I KLMNO the earth’s mbit. B«-lh 
Satnin and thccaith move accordniglo theorder of the 
Icttcis; and when Saturn is at A, his Ring is turned 
edgewife to t!ie fun S, and he is then fecn from the 
c.iitli aii if he Irad loft his Ring, let the earth be in any 
pait of its 01 bit wliatever, except between N and O ; 
for whilll It deferfbes that fpac'c, Satuiu is apparently 
lo near the fun as to be hid in liis beams. As Saturn 
goto fiom A to C, his Ring appears more and more 
qpen to the earth ; at C the Ring appears moil open 
of all ; and feems to grow narrower and narrower as 
Saturn goes from C to E ; and when he comes to E, 
the Ring is again Unntd edgewife both to the fun and 
earth j and as neither of its fidcs is illuminated, it is 
•invifible to us, bccaufc its edge is too thin to be per* 
ce'ptihle ; and Saturn appears again as if he had loft 
his Ring. But as he goes from E to G, his R ug 
Optus more and me)!e to our view on the undtr fide ; 
and feems juft as o])e'n at G as it was at C, and may he 
feen in the night time fiom the caith in any pait of its 
oibit, except about M, when the fun hides the jdaiiet 
from our view. 

As Saturn goes from G to A, his Ring turns more 
and more edgewife to us, and, therefore, it fecms to 
grow' narrower and n:u rower; and at A it difappeavs 
i'8 btfote. 

Hence, while Saturn goes from A to E, the fun 
'fhines on tlie upp^r fide of his Ring, and the under fide 
IS duik; and whilll he goes from E to A, the fun 
(hines on the under fide of his Ring, and the upper fide 
IS dark. The Ring difappears twice in every annual 
revolution of Saturn, viz, when he is in the 19th de- 
gree of Pifccs and of Virgo, and when Saturn is in the 
middle betw'cen ilufe points, or in the 19th degree 
either of (nmini or of Sagittarius, his Ring appears 
mofl open to us ; and then its longeft diameter is to Its 
Ihortelt, as 9 to 4. Eergufon’s Aftr. fe^ 204. 

'J'here ate various hypothefes concerning this Ring. 
Kepler, in his Epitom. Allron, Copcrti. and after him 


lOr. Halley, in his Enquliy Into the Caufes of the 
Variation of the Needle, Phil.Tranf. No i93,fupporc 
our earth may he compofed of fevcial crulls or fhclh, 
one within another, and concentric to each other. If 
this be the cafe, it is pi 11 file the Ring of Saturn may 
be the fragment 01 i-emaining rum of his formerly ex- 
terior (hell, the reft ot whicli is broken or f.>lltn down 
uporr the body of the planet. And fome have fuppofed 
that the Rini;; may l^e a conger ts or feries of muoiii) 
revolving about the planet. 

Later obfer\ aliens have thrown much more light 
upon this curious phtnornenon, efpectally rerpedmg 
its dimenfions, and rotation, and divifion into two or 
more parts. De la Landc and De la Place fay, that 
Caffini faw the breadth of the Ring divided into two 
fepai-ate parts that are equal, or nearly fo. Mr. Shott 
affured M. De la Lande, that he had feen many divilions 
upon the Ring, with his 12 feet telcfcope. And Mr. 
Hadley, with an excellent feet refit dor, faw' the 
Ringdivided into two parts. Several excellent th.eoi its 
have betn given in the Frencli Memoirs, particiihvdy 
by De la Place, conttnding for thcrllvilion of the King 
into many paits. Btit finally the obfervations of D.‘. 
Heifchel, in fevcial volumes of the Philof. Tianf. fteni 
to confirm the divifion into two concentric parts mil). 
Thedimenfiond of thefe two Rings, and the Ipace be- 
tween them, hfe ftates in the following proportion to 


each other, 

MileSm 

Inner diam. of fmallcr Ring 14634? 

Outfide diam. of ditto 1^4393 

Inner didhi. of larger Ring 19024B 

Outfide diam. of ditto 204883 

Breadth of the inner Ring 20000 

Breadth of the outer Ring - 72CO 

Breadth of the vacant fpace 2839 


Ring revolves in its owH plane, in 10^32^ 1/ ’4* 

So that the outfide diameter of the larger Rmg i* 
almoft 26 times the diameter of the earth. 

Dr. Herfchtl adds. Some theories aod obfer\ations. 
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«of 6t!icr pcrfons, “ lead us to confnler the queftion, 
whether the coiiftru£iion of this Ring is of a nature fo 
as permanently to remain in its prefent (late? or whether 
it be liable to continual and frequent changes, in fuch 
a manner as in the courfe of not many years, to be fecn 
fubdivided into narrow Hips, and then again as united 
into one or two circular planes only. Now, without 
entering into a difciifrion, the mind feems to levolt, 
even at firft fight, againfl an idea of the chaotic Hate 
in which fo large a mafs as the Ring of Saturn mull 
needs be, if phenomena like tliefe can be admittcxl. 
Nor ought we to indulge a fufpicion of this being a 
loality, iinkfs repeated and welhconlirmcd obfcrvntions 
liadj^roved, beyond a doubt, that tin's Ring was .i^lually 
in fo flii6liiating a condition.*’ But fiom his own ob- 
fervations he concludes, “ It docs not appear to me 
that ihcrc is a fuHicIent ground for admitting the Ring 
of Saturn to be of a very changeable nature, and I guels 
that Its phenomena will hereafter be fo fully cxpl lined, 
as to reconcile all ohfervations. In the mean wliile, wc 
nmil withhold a final judgment of its conllnktion, till 
vve Cvin have more obfervations. Its dlvidon lunvever 
into two very unequal paits, can admit of no doubt.” 
See Philof. Tranf. \ol. So pa. 4, 481 &c, and the \ol. 
for 1702, pa. I ScQ. alfo riiH. de I’Acad. dcs Scienc. 
dc Paris, 17S7, pa. 249 5 :c. 

Rinos oJ Col^urjy in Optics, a phenomenon firll 
ohiencd in thin plates of various fybllanccs, by Boyle, 
and Hook, but afterwards more fully explained by 
Newton. 

Mr. Boyle having exhibited ti vaiiety of colours in 
eolvuiilefs liquors, by fhaking them till they lofc in 
l'i,l)b]es, as Well as m bubbles of fuap and water, and 
alfo in tin penline, piocurcd glak blow n fo thin as to 
cMiibii fiinilar cblouis; and he obferves, that a feather 
<d a proper fliapc and fizc, and alfo a bl^ck libhand, 
held at a proper diltancc between his eye and the fiin, 
Hievvtxl a variety of little lainbow's, as he calls them, 
with very vivid colours. Boyle’s Wotks by Shaw, 
■‘ul. 2, p. 70. Dr. Hook, about nine ycais after the 
publication of Mr. Bo)le*s Trealifc on Colours, cx- 
lubited the coloured bubbles of foap and water, and 
obferved, that though al full it apjicarcd white and 
clear, yet as the film of water became thinner, there 
nppeaud upon it all the colours of the rainbow. He 
ulio dtftiibed the beautiful colours that appear in thin 
phites of Mufeovy glafs { which appeared, through the 
m’ci(;f(ope, to be ranged in Rings furrounding the 
''bite fpteks or flaws in them, and with the fame order 
cf colours as thofe of the rainbow, and which Aveic 
<^ften repeated ten times. He alfo took two thin pieces 
t^f glafs, ground plane and polilbed, and putting them 
upon another, prefled them till there began to 
appear a red coloured fpot in the middle ; and prefling 
tntm clofer, he obferved fcvcral Rings of colours cn- 
compafling the fird place, till, at laft, all the colours 
uifappearcd out of the middle of the circles, and ibc 
central fpot appeared white> The firfl colour that 
appeared w^as red, then yellow, then green, then blue, 

^ cn purple ; then again red, yellow, green, blue, and 
purple ; and again in the fame order ; fo that he fbme- 
counted nine or ten of thefe drclw, the red im- 
mediately next to the purple : and the lad colour that 
Voi. 11 ; ^ 


appeared before the white was blue j fo that it began 
with red, and ended with purple, 'Fhefe Rings, he 
fays,^ would change thur placw, by changing the 
pofition of the eye, fo that, the ^lafits remaining the 
lame, that part which was red in one polition of the 
eye, was blue in a fceond, green in the third, &.c, 
Birch’s Hill, ol the Royal Society, vol. pa. 

Newton, having demonfliated tliat every du'iVrcnt 
colour coufdls of rays w-hich ha\c a different and fpccific 
degree of refiangihdity, and that iiatuial bodies appear 
of this or that colour, accotiling to their dil'pofition to 
relied this or that fpeeics ofia) s (fee Colour), put filed 
the him fuagdled by the expen'mc nts of Dr. Hook, 
aheady recited, ami cafually noticed by liimfelF, w'ltk 
icgaid to thin tranfparent fubllances. Upon com-^ 
pielling two prifms haid together, in order to make 
tlicir Tides touch one another, he obferved, that in the 
j)l.:cc of coniad they W'crc pLifedly tianfparent, which 
appeal c<l like a dnik fpot, and when it was looked 
thiough, it fcemcd like a hole in that air, which was 
formed into a thin plate, by being iinprclfcd between 
the glafles. When this plate of air, hy turning the 
prifms about their common axis, became fo little in- 
clined to the incident lays, that Ibriie of them began 
to be tianfmitted, theie aiofe in it many flender nici 
ofcolouis, which incitafeci, as the motion of tin; prifms 
was continued, and bended more and more about the 
Iranfpaient fpot, till they were completed into cirelf’, 
or Rings, furrounding it ; and afterwaids they beca^mc 
continually more and mure contiadcd. 

By another expel iinciit, with two ohjed glaffes, he 
was enabled to obferve didindly the order and qiiality 
of the eoloun liom the central fjiot, to a very con- 
lidctable dilfauce. Next to the pellucid ccutial fpot, 
made by the eontacl of ilie glafl'es, fucceeded bine, 
Avhite, yellow, and red. 'i'lic next circuit immediately 
furrounding thefe, confided of violet, blue, green, 
yellow, and red. d'he thiid circle of colouis was pnr- 
])lc, blue, green, yellow, and red. The fourth circle 
confilled of gieeii and red. All the futcceding colours 
became moie and moie impcrfei^l and dilute, till, after 
three or four rcvoluliotus, they tnjid in pcifitl whlte*- 
lufs. 

Wdicn thefe Rings wcic examined in a daibcneJ 
room, by the culourcd light of a jirifin cafl on .1 llii ct 
of white paper, they became mme didin<ft, and vi/lble* 
to a far greater number tlian in the open air. He foine*- 
times law moic than twenty of them, whereas in the 
opm air he could not difcein above eight or nine. 

From other eurlous obfei vatifins on thefe Rings, 
made by diflerent kinds of light thrown upon them, he 
infi rred, that the thlckncffes of the air between thft 
glafi'es, where the Rings are fucccfllvcly made, by the 
limits of tlic feven colours, red, orange, yellow, green, 
blue, indigo, and violet, in order, arc one to another 
as the cube roots of the fquarcs of the tight lengths of 
a chord, which found the notes in an odave, fol, In, 
fa, fol, la, mi, fa, fol ; that is, as the cube roots of 
tlic fquarcs of the numbers l, {■, j, J, •}, J, 
Thefe Rings appeared of tliat prifmatic colour, with 
which they were illuminated, and by projefilng tlic 
prifmatic colours immediately upon the glafles, he found 
that the h’ght, which fell on the dark fpaccs between 
3 C the 
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tW coloured R’n^fi, was tranfmlttcd through the glafTcs 
wiUiout any change of colour. From this tircumftance 
he thought that the origin of thefc Rings is manifelt ; 
becaufe the air between the jjlafTes is dlfpofed according 
to its various thickiiefs, in fome places to refit 61 * and 
jn others to tianfnilt the light of any particular colour, 
and in the fame place to reflect that of one colour, 
wheie it tranfmits that of another. 

In evnmining the phenomena of colours made by a 
denfer medium furrounded by a rarer, fuch as thofe 
which u[)pear in plates of Nlufcovy glafs, bubbles of 
foap ami w .ter, f<c, the colours were found to be much 
miae vivid than the otheir, xshich V.erc made with a 
rarer n..dium furrounded by a denftr. 

Frc "1 the preceding phenomena it is an obvious de- 
duifkioa, that the Iraiilparenl pjrts of bodies, aeeoiding 
to their feveral feiies, re{lc<^t rays of one colour and 
traiifmit thofe of another ; on the fame acconul that 
thin plates, or bubbles, rcflcdl or tranfmit tliofc rays, 
and this Newton fuppoftd to be the reafon of all their 
colours. Hence alfo he has infened, tliat the fi/-e of 
thofe component parts of natural budicvS that affect the 
light, may be conjedured by their colours. See Co- 
lour and Reflection, 

Newton, purfuing his difeoveries concerning tire 
colours of thin fnbllanccs, found that the fame were 
alfo produced by plates of a confide rable thlcknefs, 
divlfrblc into Icffer ihickncfTcs, The Rings formed in 
both cafes have the fame origin, with this difTerence, 
that thofe of the thin plates arc made by the alternate 
reflexions and tranfiniffions of the rays at the fecond 
furface of the plate, after one paffage tliruugh it ; but 
that, in the calc of a glafs fpeculuttr, concave on one 
fide, and convex on the other, and {piickfdvercd over 
on the convex fide, the rays go through the plate and 
return before they are alternately refledkd and tranf- 
mltted. NcwtoiFs Optics, p. 169, Zcl’. or Newton^s 
Opera, Horfley’s edit. vul. 4, p. 121, &c. p. 184, 
5tc. 

The abhc Mazeas, in his experiments on the Rings 
of colours that appear in thin plates, has dlfcovered 
fcvcip.l important circnmftances attending them, which 
xveic ovci looked by the fagacioiis Newton, and rvhich 
tend to invalidate his theory for explaining In 

rubbing tire flat fide of an objeft glafs againil another 
piece of flat and fmooth glafs, he found that they ad- 
hered very I’lrmly together after this friclion, and that 
the fame colours were exhibited between thefe plane 
glafles, which Newton had obferved between the convex 
objedf glafs of a telefcope, and another that was plane ; 
and that the colours were in pr'oportion totheir adhefion. 
When the fin faces of pieces of glafs, that are tranfparciit 
and well pollflred, are equally prefled, a refillaiice will 
be perceived j and wherever this is felt, two or three 
very fine curve lines will be dlfcovered, fomc of a pale 
red, and others of a faint green. If the fri£lion be 
dbnlinued, the red and green lines increafe in number 
at the place of contad ; the colours being fometime* 
mixed without any order, and fometimes difpofed in 
a regular manner* ; in which cafe the coloured lines are 
generally concentric circles, or ovals, more or lefs elon- 
gated, as the furfaccs are more or lefs united. 

When the colours am formed, the glaffes adhere with 


confiderable force ; but if the glafles be feparated fud- 
denly, the colours will appear immediately upon their 
being put together, without the leall fiiftion. Begin- 
ning with the flrghtell touch, and Increafing the pref- 
fure by infenfiblc degrees, there firll appears an oval 
plate of a faint red, and In the centre of it a fpot of 
fight green, whl^h enlarges by the preflure, and becomes 
a green oval, with a red fpot in the centre ; and this 
enlarging in its turn, difeoversa green fpot in its centre. 
Thus the red and green fuccced one another in turns, 
aflfumlng ilifleunt fliadts, and having other colours 
mixed with them. I'ho greatefl: difference between 
thefe colours exhibited between plane lurfaces, and 
tliofe by curve ones, is, that, in the former cafe, ptef- 
fore alone will not produce them, except in tire cafe 
above mentioned. 

In rubbing together two prifms, with very fmall 
rtfiacfing angles, which were joined fo as to form a 
pauiiklopiped, the colours appealed ulih a furpiifing 
lidlre ut the places of contad, and diftc.ieiitly coloured 
ovals apjrearul. 

In the centre tlieie ^vas a Hack fpot, bordered by a 
deep purple ; next to this appeared violet, blue, orange, 
red tinged wltli purple, light green, and faint pur- 

The other Rings appeared to the naked eye to confill 
of nothing but faint reds and greens. ^\ hen tlit^Ic 
coloured glaffes were fiifpenJed over the ti ime oi a 
caudle, the colours diiajrpeared fiiddenly, though liny 
flill adhered ; but being fufl'ered to cool, the colour b 
returned to their foiiner placCvS, in the fame order as 
before. At fu ll the* abbe Mazeas bad no doubt but 


that ihefe coloui-s were owing to a thin plate of ait 
between the glaffes, to which Newton has afcribed 
them ; but the remarkable difference in the circumllances 
attending thofe produced by the flat plates and thufe 
pr-()duccd by the objed glaffes of Newton, convinced 
iu’m that the air was not the caufe of tliis a})peai- 
anec. The colours of the flat plajies vanlflied at the 
approach of flame, but thofe of the objed gla^^e‘^ 
did not. Nor was this difference owing to the plino 
glafles being lefs compiefied than the convex ones ; for 
tliough the former were comprelfed ever fo much hv 
a pair of forceps, it did not in the lead hinder the e-fic^t 
of the flame. Afterwards he put both the plane gialfes 
and the convex ones into the receiver of an air-pump, 


fufpending the former by a thread, and keeping the 
latter comprefled by two firings; but he obferved no 
change in the coloins of cither of them, in the mHt 
perfcA vacuum that he could make. Sufpefting iHl 
that the air adhered to the furface of the glalb?, f<^ 
as not tube feparated from them by the force of the 
pump, he had recourfc to other experiments, wltich 
rendered it Hill more improbable that the air fhoulil he 
the caufe of thefe colours. Having laid the colom'^^ 
plates, after warming them gradually, on burning coals; 
and thus, when they were nearly red, rubbing them 
together, he obferved the fame coloured cIrcUs and 
ovals as before. When he ceafed to prefs upon them, 
the colours feemecl to vanifh ; but they returned, as he 
renewed the fridion. In order to deteimine whether 


the colours w'ci‘e ovvltig to the thlcknefs of fomc matter 
xnterpofed between the glaffes, he rubbed them 
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thfr witli fuft Rnd Other foft rubrtynccs lietwfcMi them : VVhcn the channel ie artiticiRl. or cut hv ait, it 


ret his endeavour to produce the colon i had no i 
However by continiiinjy the fridlon with Tome dcince 
of violent e, he obferved, tint a esindle appea»ed iloon ■‘Ji 
them cneompafred with tv'o or tluec conecnti :e ipi 1 1' 
nnd with a lively red Inclining- to yellow, and a .pcvii 
like tint «fan emerald, and at leni^th the .tni--,! 

the crIoiMS of blv’e, yellow, and violet. 'The ab! v was 
confirmed in his opinion that tliere niufl be io:-' • ».in»i 
in Newton’s hypotheiis, byconfidcring that,a('<. ord’n ^to 
IiIl^ meal u rep, the eoloui^ of tlie plates varied Uiiii iIm dif- 
ferent'fc’ofnn.ollioiirli piirtofan inch; vvhereashe was iatif- 
fndthat tlieie iiiud havebcen nuch ;^i eater dillcrenees in 
the dilt.MCe between Ids o-l,ules, when tlie colonrj re- 
mained unelianned. From other expciiments lie con- 
cl‘idt.d, tiiattl'.e pl.itc ui ,vater inir >dueed betwe n the 
^dafi' b was not the canfe of tiuir culoms, as Neuton 
nppie’icnded ; and that the coloined Kinirs cinild not 
be oa ini: tf) the comprellion of the td dks. Aftv r all, 
lie adds, that rlu,* tlieoiy of li;^hr, tlms iidKiSbd fiom 
thin plates, is too del'cate a fiibjec'd to be complete K 
afceilaiaed by a Imall n'lmb 'r of obfet v itions. llcihn 
Mem. for i';52, or Memoirs Piehniies, \o'. r, pa. 
s 3 — 43. M. du 'Four lepealed the cspciimciits ofthc 
abhe May.eas, and added lome obfervations cd his own. 
See Mem. Ih'cf. vol. pa. 2HH. 

Miiflch'Mibroeck is alfo of opin{<'n, that the colouis 
of thin plates do not depend upon t-Iie aii ; but as to 
the cniife of them, he acknowledges that he could not 
fatisfy hlmfclf about it. Intiod. ad Phil. Nat. vol. 2, 

. ... 

Sec on this fubjc^l PriciUey’s Kill, of Light, $cc, 

per, 6, feft. pa. 49H, &c. 

For an account of the Rings of colours produced by 
electrical explofions, fee Colours of naiural bodies^ Cir- 
cular fpots^ and Fairy circles^ ^ 

RISING, in Aflronomy, the appearance of the fun, 
or a liar, or other luminary, above tlie horizon, wlricli 
before was hid beneath it. 

By rcafon of the refraction of the atmofpbcre, the 
heavenly bodies always appear to rife before tlieir lime ; 
that is, they arc feen above the horizon, while they aie 
really below it, by about 33^ of a degree. 

There arc three jioetical kinds of llifing of the dais. 
Sec AcrOnical, Cosmical, and Heliacal. 

RIVER, in Geography, a dream or curtent of fredi 
'water, flowing in k bed or channel, from a fourcc or 
fpring, into the fca. 

When the dream is not large enough to bear boats, 
or fmall vefTcls, loaden, it is properly called by the di» 
miniitive, rivulet or brooi ; but when it is confidcrable 
'enough to carry larger vcffels, it is called by the general 
name River. 

Rivulets have their rife fometimes from great lains, 
nr great i|uantities of thawed fnow, dpecially in moun- 
tainous places; but they more ulually ai ife from 
Springs. 

Rivers themfelves all arlfe either from the confluence 
of feveral rivulets, or from lakes. 

River, in Phyfics, denotes a dream of water running 
hy Hg own gravity, from the more elevated parts of the 
earth towards the lower parts, in a natural bed or chan* 
'ocl open above. 


called a canal ; of wliieh there aie two kituls, vi/, tint 
whofe channel is evciy whue open, without dnices, 
called anaitilicial River, iiinl that whofe water is kept 
up and let od by means of .flulces, which is piopeily a 

iModeni philofopliers ciulravcnir to reduce the motion 
and ib.iK ol Riveis to pienfe ^u^3 ; and with liiis view 
tbev have ajifibcil j’eoiiieliv am! mm 1 aiiiis to this (ub- 
jee't ; fo tliat the dtidrine ol Kivo j r, become a part of 
the uew philofophy. 

Theaiithois who have mcfl diilingfllhed themfelves 
in this branch, aie the haliaup, the Fieneh, and the 
Dutch, but efjiecially the full, and auLong them more 
tf])i:*:ially Gnlielmini, and Xiinenes. 

Riveis, fa)s (nil’clmini, ufualiy have their fourcei 
in moiintalnb or elevated giouads ; m the dtk'cnt from 
which It is modly that they acquire the velocity, or 
acceleration, which maintain'- their fntutc emreiit. In 
piiipoitlon .'I'l they advance laitiier, this velocity dimi- 
iiii’’cs, on ’(.c.Mmr of tlic eortinu'd iilHionof the water 
iigainll llu 1; ntoni ,‘r/l jldes ot the* channel ; as well as 
f.om th.c viiioa^ ob bRic ; they meet wiili in their pro- 
gi'efs, and lu>m the.r rei.vmgat length in plaiiij where 
the delce.it lb Ici , ai -i e^-iilequently tlicir uiclinati ni to 
the lieii'i/.o'i gieatcr. Thii'j liic Reno, a River in llalj, 
which lie f.i\ .s g.ive occ uou, in (oiuc rneifuic, to hl:^ 
rpecnlatloii'., i-v baind to have iictu itb mouth a declivity 
of h aree 3 2 lecondp. 

When the Mipiiicd velocity is quite fpeiil, through 
the many (diflaelcs, fo th.at the ciMicnt becomes hori- 
zontal, tlieie will then nothing r..main to propagate 
the motion, and contim e the llicam, but the depths 
or the perpendicular piei'fiiic of the water, which is al» 
ways piopoitional to the* depth. And, h.ippily for us, 
tills refource incrcafcs, as the occafion for it inei cafes { 
foi in proportion ns the water lofes of the velocity 
a-'quired by the defeent, it rifes and incieafcs in its 
depth. 

It appeals from the laws of motion pertaining to 
bodies moved on inclined plane*s, that when w.itei flows 
freely upon an Inclined bed, it acijniies a VLlocity^ 
which is always as the fqinre root of tlic quantity of 
defeeut of the bed. But in an hOiizonlal bed, opened 
bv fluiec.s or otlicrw ife, at one or botli ends, the water 
flows out by il3)Cravity done. 

The upper parts of liie water of a River, and thofe 
at a dillanee from the banks, may eoiitiiine to flow, 
from the fiiujde cauie or principle of declivity, how 
finall foever it be ; for not being demintd by any oh'' 
ftacle, the minutell dlfTcrcnee of level will have itied- 
fe6f j but the lower part;, wliirii u/ll along the bottom, 
will fcatcc be fcnfible of lo fmall a declivity ; and will 
only have what motion they receive from tiic pieffurc 
of the fuperincuiiilient w.itcis. 

'riicgreatefl veh-.Ltvof a Ki. r is about jtlic middle 
of its-tk’ptb and breulth, 01 t! .*. po' .t which is the 
farthefl poHihle fiom the fiiiti 'e of the water, and 
from the bottom and fide*, of tlie bevl or channel. Wlierr- 
a?, on the contrary, the lead velocity tire water lb at 
the bottom and fidcs of tlic bed, bccaufe there die rdi(l- 
anceanTinp' fiom fridioa is die grcatefl, which is com* 
inunicated to the other pans of the fedion of the 
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River inverfcly as the diftanccs from the bottom and 
fides. 

To find whether the water of a River, almoft hori- 
fontal, flows by means of the velocity acquired in its 
defcent, or by the prefTure of its depth ; fet up an ob- 
Ibele pei pctulicular to it; then if the water rife and 
fwcll Immediately ag’ainft theobdacle, it runsby vhiuc 
of Its fall ; but if it firft flop a little while, in virtue of 
Its pie flu re, 

R i\ ers, acrordlncr to this author, almod always make 
tluir o\Mi bids, if the bottom have originally been a 
hupfc declivity, tlie water, hence failin'^ with a gieat 
foiee, Will have fwept away the mo'l elevnt<d parts of 
the foil, and cairyiii^ tluiu lower down, will gradihdly 
render tl’.e bottom more nearly hoii/ontal, 

water ha\in))' made its bed hoilyontal, becomes 
fo itlelf, and confecpienlly lakes with the lefs force 
a^'ainfl the bottom, till at len;irth that force becomes 
only equal to the icfillanc'e of the bottom, which is 
now arrived at a Hate of permanency, at leali for a 
conriderahlc time; and the longer according to the 
quality of tlie foil, clay and chalk lefiRIng longer than 
fand or mud. 

On the other hand, tlic water i^i conlinually wcaiing 
away the hiiins of its channel, and this with the more 
forte, as, hy the direclion of its flreain, it impinges 
more direiflly againll them. By tills means it has a 
continual tendency to render them pardllcl to its own 
<ourfe. At the fame time that it has thus rc^lilied its 
edges, it has widened its own bed, and thence becom- 
ing lefs deep, it lofts part of its force and pre fTiire ; this 
U continues to do till there is an equilibrium between 
the force of the water and the refiflancc of its banks, 
and then they will remain without farther change. And 
It appeals by experience tliat thefe equilibriums arc all 
real, as wc find that Rivers only dig and widen to a 
certain pitch. 

The very reverfe of all thefe things docs alfo on fomc 
occafions happen. Rivers, whofe waters are tliickand 
jTuiddy» raife their bed, by depoiiting part of the he- 
terogeneous matters contained in thenn : they alfo con- 
trad their banks, by a continual oppi/fition of the fame 
matter, in bnilhing over them. I'his matter, being 
thrown alide far fiom the dream of water, might even 
ferve, by rcafou of the dullncfs of the motion, to foim 

new b'cinks. 

If thefe various caufes of refidance to the motion of 
flowing waters did not exid, viv, the attradlon and 
continual fiidion of the bottom and lides, the inequa- 
lities in both, the windings and angles that occur in 
their comfe, and the diminution of their declivity the 
farther they recede from their fprings, the velocity of 
their cm rents would be accelerated to to, 15, or even 
70 times more tlian It is at prefent in the fame Rivers, 
bv which they would become ubfolutcly un naviga- 
ble. 

The union of two Rivers into one, makes the w'hole 
flow the fwlfter, bccaufe, indead of the fridion of 
four flicrcs, they have only two to overcome, and one 
bottom iudead of two; alfo the fti earn, being farther 
diftant from the banks, goes on with the lefs interrup- 
tion, befidep, that a greater quantity of water, moving 
with a greater velocity^ digs deeper in the bed, and of 


courfc retrenches of its former width. Hence alfo it ij, 
that Rivers, by being united, take up lefs fpace on the 
furfacc of the earth, and arc more advantageous to low^ 
grounds, which drain their fiiperfluoua moidure into 
them, and have alfo lefs occafion for dykes to jircvcnt 
their overflowing. 

A very good and fimple method of meafining the 
velocity of the current of a River, or canal, is the fol- 
lowing. Take a cylindrical piece of dry, light wood, 
and of a length fornething lefs than the depth of tlie 
water in tlie River ; about one end of it let there be 
f'llpendcd as many fmall weights, as may keeptlic cylin- 
der in a veitical or upright polition, with its head jiiil 
above water. To tiic centre of this end fix a fmall 
draight rod, precifely in the dIre£lion of the cylinder’s 
axis ; to the end that, when the indiument is lurpended 
in the water, the deviations of the rod fiom a perjiendi- 
nilarity to the furface of it, may indicate which end ('t 
the cylinder goes foi emoH, by whicli may be difcovtn.J 
the diderent vtlocltics of the water at difleicnt dejuiis ; 
for when the rod inclines forward, according to the di- 
rection of the current, it is a proof tliat the furf'-ice td' 
the water has the grcaicd velocity ; but nlien it reclines 
backward, it flicws that the fwifted cm lent is at the 
bottom; and when it lemaiiis perpendicular, it is u 
fign that the velocities at the top and bottom are 
equal. 

This indrument, being placed in the current of a Ri- 
ver or canal, receives all the jK’rculfions of the water 
throughout the whole depth, and will have an equul 
velocity with that of the whole current from the iur- 
face to the bottom at the place where it is put in, and 
by that means may be found, both w'ith cxatlnefs aiul 
eafe, the mean velocit y of that pait of the River for any 
determinate didaiicc and time. 

But to obtain the mean velocity of tlie whole fcifllon 
of the River, tiu indrument mud be put fucceidvcly 
both in the middle and towards the Tides, becaufe the 
velocities at thofe places are often very diderent fiom 
each other. Having by this means found the feveial 
velocities, fiom the fpaces run over in certain times, 
the arithmetical mean proportional of all thefe trials, 
which is found by dividing the common Turn of them 
all hy the number of the trials, will be the mean velo- 
city of tlie River or canaL And If this medium velo- 
city be multiplied by the area of the tranfverfe fedion 
of the waters at any place, the produd will he the 
quantity running through that place in a fecond of 
time. 

If it be required to find the velocity of the current 
only at the furface, or at the middle, or at the bottom, 
a fphere of wood loaded, or a common bottle corkini 
with a little water in it, of fuch a weight as will re- 
main fufpended in equilibrium with the water at tlic 
furface or depth which we want to meafure, will 
better for the purpofe than the cylinder, becaufe it is 
only adeded by the water of that folc part of the cur- 
rent where it remains fufpended. 

It follow'® from what has beea faid in the former 
part of tills article, that the deeper the waters are m 
their bed in proportion to its breadth, the naore 
motion is accelerated ; fo that their velocity increafes m 
the invcffc ratio of the breadth of the bed^ and alfo 
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of the magnitude oF the fe(SlIon ; whence, in order 
to augment the velocity of water in a River or canal, 
without augmenting the declivity of the bed, wc mull 
increafc tiic depth of the channel, and diminidi its 
breadth. And thefe principles are agreeable to obfer- 
vation ; as it is well known, tliat the velocity of flow- 
ing waters depends much more on the ipiantily and 
depth of the water, and on the compiefl'ion of the up- 
per parts on the lower, than on the declivity of tlie 
bed; and therefoie the declivity of a River mull be 
made much gi cater in the beginning than towaid the 
end of its courfe ; where it fhould he altnoll infeufi- 
Me. If the depth or volume of water in a River or 
dual be confiderable, it will fufiiee, in the put ne\t 
the mouth, to allow one foot of declivity through 6000, 
or 8000, or even (accoiding to DecJialcs, Do lunui- 
tas ct Fliiviis, prop. ^9) 10000 feet in hoii/otUal 
f.xtent ; at mod it need not be above i in 0 01 7 ihou- 
faiul. Fioin hence the quantity of declivity in equal 
fpaecs mull flowly and gradually Increafe as far as the 
cuirf nt is to be made fit for navigation ; but iu loch i 
manner, as that at thia upper end there may not be 
above one foot of pefpenclicular declivity in 4000 feet 
of horizontal c.\tcnt. 

To conclude this article, M. do Bufibn obfeivcs, 
tliat people accufiomed to Rivers can ealilv foictell 
vvhen there is going to be a fuddi n incieafe of water 
in tin: bed fiom floods produced by fudden falls of rain 
in the higher countries tluougli which the Rivers pafs. 
Thl.s they perceive by a partiuilar motion in llic water, 
which they exprefs by faying, tliac the Riveras bottom 
moves, that is, the water at the bottom of the channel 
runs off fader than iifual ; and this increafe of motion 
at tlie bottom of a River always announces a fudden iii- 
crealc of water coming down the dream. Nor, fay. 
iie, IS their opinion ill gioundcd ; becaufe the motion 
and w'cight of the waters coming down, though not 
yet arrived, mull a6l upon the waters in the lower paits 
of tile River, and communicate hy Impulfion part 
of their motion to them, within a ccitain dif- 
tance. 

On the fubjcifl of this article, fee an clahonUc trea- 
tifeon Riveis and canals, in the Philof. Tranf. vol. 69, 
P^* 555 Mann, who lias availed liimfclf 

of the obfervations of Giillclmlui, and moll other 
writers. 

RIXDOLLAR, a filvcr coin, ftiuck in fcvcral 
ftates and free cities in Germany, as alfo in Flandeis, 
Poland, Denmark, Sweden, &c. 

There Is but little diffeiencc hetween the Rixdollar 
and the dollar, another filvcr coin druck in Germany, 
eacli being nearly equal to the French crown of thicc 
hvres, or the Spanifh piece of eight, or 4s. fid. llcr- 
ling. 

ROBERVAL (G iles-Personne), an eminent 
Prench mathematician, was horn in tfio2, at Rohtrval, 
n parlfh in the diocefe of Beauvais. FIc was fiid pm- 
leliorof mathematics at the College of Maitie-Gei vaii, 
and afterwards at the College- royal. A fimilarily of 
tade connedlcd him with GafTendiand Morin ; the lat- 
ter of whom he fucceeded in the mathematical chair at 
the Royal College, without quitting Iwwevcr that of 
Kamusc 


Roberval made cxpciimcnts on the Torricellian vtt- 
cuum : he iinciitcd two new kinds of balance, one of 
which was piopcr for weighing an ; and made many 
other cut Ions expetinumts. He was our of the fit ft 
memhersot thcancitnl Academy of Sciences of ifi66 ; 
but died in 1675, at 73 years of .igc. His pilncipal 
works arc, 

I. A ticatifc on Mechanics. 

ir. A woik entitled Aiillaichus Simos. 

He had li veial iiu moil s iufeited in l!ic volumes of the 
Academy of ScIeiKcs* of ifififi, vi/, 

1. Expeiiinents coiiccrnlng the Preffure of the 
Air. 

2. Obfervations on the Compofiilon of Motion, and 
on the ’^rangents of Cmve Lines. 

3. d he Kecogniliou of Ffjuations. 

4. The Geometrical Kclolution of Plauc and Cubic 
Equations. 

Titalifc on Tndivifibles, 

6. On llic 'Piochoid, orCvcloId, 

7. A J etter to Fathci Meifeune. 

8. Two Letters from Toiricclli. 

9. A iRw kind of Ihilaiiec. 

ROBFRVALIJAN / /bar, a name given to certain 

line.s, iiletl for the tiansformation of figures : tluu 
called fioiu thcii inveutor Robeivjl. 

’’Idiefc lines hound r[)aces that .ire inrmitciy extended 
in length, which are ucvei iIrIcLs equal to olhci fpaccs 
that are terminated on all fidcs. 

The abbot Gallois, in the Memoirs of the Royal 
Academy, anno 1693, obferves, that the method of 
transforming figures, explained at the latter end of Ro- 
bervaPs ticalife ol Indiviliblcs, was the fame with that 
afterwards ])ul)lilhcd by James Grcgoiy, in hisGeoine- 
tria Univei falls, and alfo hy Bairow iu his iiCdionoa 
Gcomctricx ; and that, by a letter of I'orricclli, it 
a])pcais, that Roberval w’as the inventor of this man- 
ner of tran^forlUlng figuies, by means of certain 
lines, which Tonicelli therefore called Robcrvalliau 
Lints. 

lie adds, tliat it is liighly probable, that J. Grcj^ory 
fiill learned the method in the journey he made to Pa- 
dua in ififiH, the metliod itfelf having Ikcii known in 
Italy from tlie year ]fi4fi, though the book was not 
publiflicd till the year 1692, 

Tills account David (ircjroiy lias endeavoured to 
refute, in vindic.itiou of his uncle James. IJis arifwe-r 
is iiifcitcd in the' I’hilof. Ti.iiif. id lfi94, and the ab- 
bot rejoined in the French Memoirs of the Academy 
of 1707. 

ROBINS (Benjamin), an I'inglifli mathematician 
and pliilofopher of gieat genius and cminenre, was 
born at Bath In Sonierfeiniiie, 1707. Hi. parents weic 
of love’’ condition, and (fakers ; and conhqiirnlly nei- 
ther able fiom their circiimnaiUT.s, uoi willing from 
their religious profelfion, to have him much inllruc'ti d 
in that kind of Ic.um’ng wlm h they are taught to elc- 
fpife ai human. Nevcithelcfs, lie made an early and 
finprifing progrefs in various btanclies of fcicnce and 
liteiature, pa'rticularly in the mathematics; and hi3 
friends being delirous that he n ight continue his pur- 
fuite, ami that his merit might nut be buried in obfeu* 
lily, wifhed that he could be pioperly recommended 
. la 
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to teach that fcit’itce in London. Accorclliigly, a fpe* 
clm^n of i)i» nl'ililici in this way wij fent up thithtrr, 
and fIvj'Mi 10 Dr. l^iub. rtou, the autfior of the ** View 
of Sir ll.ivM- Nt Philofophv who, thtncccini- 

ceiviag a good opinion of the vviilei, f jr a Lrlhcr trial 
.of hi% fliill fuit him iotne piublcms, which Robins re- 
Lived vciy much to his rdtli.f.idlinn. He then e.iirc 
to Iw'iidcjii, where he ccmflrnied the opinion which 
hn<i h'oen piceonctived of his aLilitiei and knu.v- 
- ledg^'. 

Rut though Rnhins wis pofTefred of niiicli more fldi] 
t.hcin is ulii,.lly reipiircd in a common tcMcher ; )(i. 
bumjr very >our,g, it was tlnn.ght pr(»pcr that Ic 
fhmild employ fi'metim-j 1 ' ncuirnig the heft wiitus 
I iipvin the fnhlimcr paits or the matlu'maties, before hr 
fhoiild imdett.ike publicly ti.c iidlmdion oiothiis. In 
'this intcival, befides impK-ving himlclf in ifiemoilM!! 
l.ingiMpes, he Imd ojijioitimities of reading in pnitiei.l.ir 
'the woiks of Arclrmcdes, Apollonius, F<rmar, Huy- 
gens, De Witt, iSlufins, Giegory, Ikurow’, Newton, 
'r.jjlor, and Cotes. 'I'iiele authors he readily niuKi- 
'flood without anv uiriflancc, of which hr gave frequent 
proofs to his frieivU ; one was, a deMuonflratiou of tic 
latl pr\>pofition of Newton’s treatlfe on Quadratures, 
'wliftli vv4:r> thought not utuklerving a place in the Hii- 
Ic'lopliic al 'I'laurattlons for 1727. 

N )i long after, an opportunity ofTeicd him of e\hi- 
' biting to thcjuiblii' a fpecimen alio of his knowledge in 
Natural Philofopliv* The Royal Academy of iSciences 
at Paris had propofed, among their pii/.e quell ions in 
172.). and 172^1, to deinonllrutc the laws of motion in 
bodies impinging on one another. John Bernoulli 
heie condefccuded to be a candidate; and as his diltei’- 
tation loti the rew'ard, he appealed to the’ leamed wnrrld 
by printing it in K 27 . In this piece h.c endeavoured 
to ellabliOi Leibnitz’s opinion of the foiec of bodies in 
motion bom the cfiei'ls of their flriking againil fpiingy 
matnial -; as Vtkni had before attempted to evince the 
fame tlung fiom experiments of bodies falling on folt 
and yielding fiibilances. But as the inluPiieiency of 
Polim’s ar e uiiienls had been dcmonfliated in the I’hl- 
lolophlcal I’lanladions, for 1 722 ; fo Robins publiihed 
in the Piefent State of the Republic of Letters, for 
May 1728, a Cciifutatlon of Bernoulli’s pci-foi mance, 
which was allowed to be unanlweiablc. 

Robins now^ begin to take fcholars; and about this 
time he quitted tlic garb and piofeflion of a Quaker; 
for, having ntither enthufiafm nor firperllition in Iris 
nature, as became a mathematician, Ire loon (hook ofl 
the piejudlees rrf fuch cu’ly habits. But though he 
pr-ofcircd to teach the mathematics only, Ire* would fic- 
quently afli'l jvutlcular friends in rather matters ; for he 
was a mail of luiiveifal knowhdge: and the confine- 
ment of tills way of life not failing his difpolition, 
which was adive, he gradually declined it, and went 
into other courics, that lequiied more cxeicile. Hence 
he tried many laborious cxpci invents in gunnery ; be- 
lieving that the rcfillance of the air had a much greater 
cfkd on TaI tprojc6BleF, than was generally firppofed. 
And hence he was led to conlider thofc nrechan’c arts 
that depend upon nuithematical principles, in which 
he might employ his invr ntion : as, the conftttrdingof 
millsi die building of bridgesi draining of fens, rca* 


dcring of rivers navigable, and malting of IrnrhoiTrs, 
Among other arts of this kind, fortification very m'U’H 
engaged his attention ; In which he met with oppurtr, 
nities of perfeding himfelf, by a view of the princ'u,] 
fk*oirg places of Manders, in forme jonrneys he nvo lj 
abi'i.id with perfons of dilllndtion. 

On hk r'etiuii home from one of thefe excurfions, Vc 
found tlic leai'iicd here amuied w’ltb Dr. Bcrkelev k n- :i- 
tife, piloted in 17(4., entitled, “ 1 he Analvlf;’' lo 
whk'h an examifation was nuule into the gioimi', 
the doiliiiie ol Muxion*-*, and oecjlion iIkucc lake ' »i' 
exjdotle til 't ir.vtl'.od. Rolvns wms therdoie adviltd 
to clear I'p tiii.^ a'ldir, bv r.i'iug a fi'l! and dillinct a 
coniii of Newton’s doifti iiu in I’lkli a manne,, a, ' ' 
oVrviate ail the ohjecdlons, w ultout naming th< m, \\;a, ■ 
had luen advanced by Bukclcv; iirul aecoiduiyh I : 
piii'.bfhetl, '.11 t/dv Dfni^Je rr;;r. eg /k i\ t,. 
ottd Cl! (nr f'f Sn IjiU' Nci^tun^s M.'JhJ rf I'a.A.n ^ ^ 
and fj Fihtu an! U' •■.'tc F,it o'>. Lhis 1*, a \-i\ id 1 , 
neat, and r!c_'.nt {verfurniarec ; and vet fv-nm n. id'- , 
even among thole wl;o had wn’trti' agimli 'I'l'e 
1)11, taking t ' ceiriii'n at Rtdn’irds manner of d.t.iah 
N’ew ton’s doe'. i in he afteiwaids wroletwo or tin<. 
additional tlileoui h s. 

In 1736, lie defended Newton againfl an olgedo ^'. 
contained in a note at the ind of a i.itin ]vk..e, cr'K/ 

Matlio, live (Jcdmotheoi in girndh'-,” \m ttin !>’ h.i - 
ter, author of tlie “ Irujuiry into tl;e' Nkituu oft' 
Hunrau 8<>ul:” and the ve:u aftu he jnmf'. d Rem. 
on Rul'Rs Rrsaiiii rf ybrn/zV;,', on i’e, 
ii(S, and on Juritdi IJifroitifr of D’/Luit a,,J InJ’JL, 
Ftjjoiu annexed to Dr. Smith’s work. 

in the mean time Rohins’s perlor manc-'v weie in.: 
confined to mathematical luhjecls : for, in thue 

came out three panvjrhlets U|n)n political affaiis, wh'd,. 
did him great lionour. The firll was entitled, Ohd. 
id ns on theptrfnl Convention Spain: the iteoiMi, 

A Nanrattve of vehnt p'jfed i/i the Coo'^nou II dl ^ 
the C'tizcns of Jj.vduiy ojf,nd Ud for the EhRa.n of a I ■ '’d 
s]fay ir : ih.e third, An AdJrcfs to the Elulot: and '‘.h'r 
fue S(ljeRs of (ircat Britain^ otcajioncd h\ ihe late k" • 
CtfHon ; in 'udjah /r conf lined a Piuthidar /fcLOunl of aii 
our Neyoi lotions VJith Spain ^ and their Ere at meat oj us 
for al'ove ten s pnfi, d'hefe w ere all publiihed w itii* 
out oiir autlioi’.s name ; nnj tlie drll: and la (I were io 
univeifally edeemed, that tliey wei e pcncrally repnttd 
to lu-ve been the modudliiai of the gre.it man 1 mt- 
felf, who was at the head of the oppolition to Sir Re* 
belt \’\'alpo]e. They proved of fneh confeqi'.cneL t*' 
Mr. RrdviuF,, as to occafion his being emplovedi i a 
very honuuuible potl ; for, the patriots at length g-i'a- 
iog ground againfl bir Robert, and a committee of ti c 
Houle of Lonm.ons being appointed to exaniire into 
his pail condud, Robins was cliofeii their fecretarv. 
But after the committee had prefented tw’o re port <’f 
their proceedings, a fudden flop was put to tluir far- 
ther progrefs, by a comproinife between the contenJn ; 
parties. 

In 1742, being again at leifure, he publiihed a 
treatife, entitled, Neno Principles of Gunnery ; conla"''’ 
ing the refult of many experiments he had made, by 
which are difeovered the force of gunpowder, and tkr 
difTereacc in the rclifling power of the air to fwik - 
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f^wmotiortS. To tills treatife was prefixed a full and 
learned account of the progrefs which modern foiiifica- 
tiMn had made from its firft nTe ; as alfo of the invention 
of gunpowder, and of what bad ahead v hci-n piafoimed 
in the theory of gunnery, hfeemsth.it the ocr.ilion 
of this publication, was the difappointment of u fitua- 
lion at the Royal Military Academy at Woolwieh. On 
tlu- new modelling and clhihliHiing of that Aeadcmv, 
in I74I» 0111 author aj'd the late Mr. Muller were co:?i- 
petitors fci the place of T'rofefhor of foitificarion and 
gioinery. Mi. Muller held then fome poll in the 
Tower of London, under the Board of Drdrance, fo 
that, notwithftanding the grtat hnnuh dge and ahdi- 
lic': of our author, ihe intetefl; wliidi Mr. Mullei Ik d 
with the Board of Oidiianec caiaied the ehdion in his 
f^,\our. Upon this difappointinei't Mr. Robins, ini!!:-- 
n. nt at the alTrout, determined to flicw tiu in, ai'd the 
woild, l)v lus mililai y publications, wh.it fort of a man 
lie was that they had lejcded. 

Hpr)n a dihourfc tontaining certain experments 
bill puMiflied in the Rlidol'i phiea) Tianf.tdious, with 
a Mew to invalidate fome (d RobiusT opinion«5, le 
tliouglit proper, in an account he ge.ve of liis hook in 
tliL fame Tranfa.el'ons, to take mulce of tliofe cvpeii- 
rnrots : and in ooiiRqucnce of this, fcveial diil’ertations 
of his on the ref;lhanee of the air v tie read, and the 
cxpeiiments exhibited before tlic Royal Soeiefy, in 
J7 [6 and 1747 ; f(;r which he was piefentccl witii the 
annual gold medal b) that Society. 

Til 1 7 came out Anfon’a Voyage round tlu World ; 
wl.ieh, lliough it beai s W.ther’s name in the titlc-pngc, 
\.,M ill icality wrilltn by Rubins. Of th’s \oyagc the 
puliuc bad for fome time been in expeiflation of feeing 
an aieount, compufcd under that commands r^s own iii- 
fp'. uion : fcir which puipofe the leveiend Ritlnrd Wal- 
t "• \M's employed, as having been cliapbuu on board 
tbi C(nturion the grcatell pait of the expedition. Wal- 
ter had accordingly almofl fiiiifhcd his talk, having 
In light It down to his own dtpnrtiiie from Mac.io for 
I'bnjhnd ; when he propofed to print his work by fub- 
1 ' nption. It was thought pi oper howc\cr that an aide 
I idje {lioiild firfl review and coned it, and Robins was 
nppou’ted ; when, upon examination, it was tcfolvcd, 
that the whole fhould be wiitlen entiuTy by Ri hins, 
a id th.it what Waltir had done, being nu^flly tnk<ri 
vc'ballin fiom the joumals, fliould ferve as mateiials 
o h'. Henee it was that the whole of the intr.xludiun, 
and many difTertations in the body of the work, were 
is'inpoh'd hy Robins, without receiving the hall hmt 
irom Walter’s manufeript ; and what he had tiMpfinhed 
bom it U'garded chiefly the wind and weather, the (.ur- 
leiits, courfes, be.arings, didanccs, offing*^, foundings, 
inf)'jTings, the qualities of the ground they anchoifd on, 
r.nd lucli particulars ns ufually fill up a ftaman’s ac- 
mnln^. No produdion of this kind ever nitt v. ith a 
more favourable reception, four large impr< ffions hav- 
i'lg been fold off within a year; it was a!fo tian/kitcd 
into moll of the European languages ; and it fiill fup- 
ports its reputation, having been repe.itedly repiinicd In 
'Vinous fizes. The fifth edition at London in 1749 
revifed and coriTded by Rtjbins himltlf ; and the 
9 ^^ edition was printed there in 1761. 

Thus becoming famous for his elegant talents in 


writing, he was ’•cqucfled to compofc an apology for 
the^ iinftu lunate affair at Preftonpans in Scotland. 
This was arhlcd.as a preface to the Report of the Pro- 
ceedings an<l Opinion of the Board of (Teneral OfTiecra 
on ihtir Hxamln.ition into the Condmd of Lieutenant 
General Sir ]ohn Cope, 5cc, piinted at T.ondon in 
17 p) ; .-Old this piefacc was dlcemcd a inafler-picco in 
its kind. 

Roliinshnd nficiwnrds, by the favour (Tloid Anfon, 
oj'poilnnltic.s of mal- ing fai ther expi riments in Guii- 
iitry ; which have I < .n ’uihlinied fincc his death, in 
llie edition of his woiksbv bis fiitnd Or. Wilfon He 
rlfo not a little contiibu'i'd to the itr piovements made 
in the Royal Ohfu vatoi y at Giecnwieh, by procuring 
lorir, tliHiugh the intcu (I (T the fame noble peifon, a 
Lcond mur.al quadiant, and other Inlliumcnts ; by 
which it bcc.ame ptihaps the compictell of any obferva- 
toi V in the woi 1(1. 

LI is reputation being now ariivcd at its full height, 
he was offi led the cliolcc of two vny r onliderable t m- 
plo)tnents. 'The fiift wms to go to P.uis, as one of 
the tommiffaries for adjufiiiig the limits in Aeadl.i ; 
the otlier, to he engineer general to the Rail India (\'m* 
paiiy, whofe forts-, being in .1 mofl ruinous eondltiori, 
wanted an able perfon to [)ut tlicm Into ci piopir Hale (L 
defence. He accepted the latter, as it was rnliablc to 
his genius, and .is the Ciimpnny's terms wete l)(^(h ad- 
vantagcou.s and lionoiirahle. He dtfigned, if he h.id 
nmaincd in England, to liavcwiilten a fecond p.irt of 
the Voyage lonnd the Wmld ; ns appeals by .a letttr 
from loid Anfon to him, dated Bath, Od. 22, 1749> 
as follow.s. 

“ Deal Sir, when I lafl faw you in town, 1 forgot to 
alk you, w'hcther you Intcndccl to p'lhlilh the Jecoiid 
volume of my V<ryagc litfoie you !(.iveus; which I 
confeL 1 am vciy forry lor. If ) ou (hoiild have l.iid 
alidc ad thoughts of favoming the wot Id with mote of 
your WOI ks, it will be imn Ii dil. ipj/('iiil -al, and no one 
in it more than your veiy obliged humble fervant, 

“ AsfiON.’' 

RiTins w.as alio prep-anbug an cnlarfmd edition of his 
New PiiruijiKs of (Iimnery : but, h.iving piovidcd 
fnmfclf with co.mplrte ht of afl loiKumc.il .'ind other 
indiumtiitp, foi making < bfc 1 v if’i iis and expin’meiita 
in the Indies, he (hqraiitd heme at Cbiillmaa in 1749; 
and after a vov:i;>e, in wlii' li lli< flop was iwar Ixing* 
c.dl avMiy, hc.iiii\(d at Im’ii.'n Jnlv following. I'luie 
he imiKdiatcly let ab(;nt his in r biirunfs with the 
gieatcfl diligence, a’u] foin mI ((mqdet'’ ] Ians for I'ml 
M. David and Madia.s ' but l.c tlld mu live to p t 
them into cvfcntlon. luu flu- gnat diih'rcncc of tic 
climate fiom that of Eti'diKd 1'u‘ng beyond his confli- 
tiition to fnppoit, he v :is . tt.xko d h) a lever in Sep- 
tember tlie* fame vear; and ilio' idjlc lUfweied out of 
this, yet about eight moj t!,-, .if'ci l;< fell into u ]an- 
gnifliiiig co'iidi'i ion, in w ],.< )i he ( tn tiniK d t ill Ills death, 
which happaied the z^tli of J dy 1771, at only 44 
years of age. 

By his hill will, Mr. Rr-binsleft the publiftiing of Idi 
Mathcm.it. 'cal Works to Ids honoured and iniinatr friend 
Martin Folkes, Efq. pn fulent of the Royal ..Society, 
and to Dr. James Wilfon j but the fotmer of tlu le- 
ge ntle me 1 
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Itcnilemen bclnjr incapacitated iby B paralytic dlfordcr, 
for forre time before his death, they wet e afterwards 
publirtu’dby the latter, in i volumes 8vo, 1761. To 
tills col!c 61 ion, which contains hia mathematical and 
philofophical pieces only, Dr. Wilfon has prefixed an 
account of Mr. Kobins, from uhich this memoir is 
chiefly txtiadtd. He adchd alfo a large appendix at 
the uul of the itcend voluir.e, containing a great many 
tiiiirnis Htul critical matters in various interefting parts 
ihe mathematics. As to Mr. Robins’s own papeis 
in thcTc two volumes, they are as follow: viz, in 
vol.T, 

1. New Principles of Gunnery. Firft printed in 

* 74 -* 

2. An Account of that boolc. Read before the 
Royal Society, April the I4thand,2ill 1743* 

3. Of the Refiftance of the Air. Read the 1 2th of 
June 1746. 

4. Of the Rcfiflancc of the Air ; together with the 
Method of competing the Motions of Bodies projeded 
ill that Medium. Read June 19, 1746. 

5. Account of Experiments relating to the Rcfiftancc 
of the Air. Read the 4th of June 1747. 

6. Of the Force of Gunpowder, with the Computa- 
tion of the Velocities thereby communicated to military 
piojefllles. Rond the 25th of fune 1747. 

7. A Compnrifon of the Kxpciimcntal Ranges of 
Cannon and Mortals, with the Theory contained in 
the preceding paper?. Read the 27th of June 175 ** 

S. Pradlrcal Maxims relating to the Eflcdls and Ma- 
nagement of Artillery, and the Plight of Shells and 
Shot. 

9. A Propofal for incrcafing the Strength of the 
Britifh Navy. Read the 2d of April 1747. 

10. A Letter to Martin Folkcs, Efq. Prefidcnt of 
the Royal Society. Read the 7th of January 1748. 

11. A Letter to Lord Anfon. Read the 26th^of 
Odlobcr 1749. 

£2. On Pointing, orDIreflIng of Cannon to ftrike 
dillant objc£ls. 

13. Obftrvations on the FIcight to which Rockets 
afeend. Read the 41)1 of May 1749* 

14, An Account of fome Experiments on Rockets, 
by Mr. Ellicott. 

17. Of the Nature and Advantage of Rifled Bar- 
rel Pieces, by Mr. Robins. Read the 2d of July 
1 747 * 

In volume II arc, 

16. A Difeourfe concerning the Nature and Cer- 
ta’nty of Sir Ifaac Newton’s Methods of Fluxions, and 
of Prime and Lltimatc Ratios. 

47. An Account of the picccding Difeourfe. 

18. A Review of fome of the principal Obje^ions, 
that have been made to the Dodlrlne of Fluxions and 
Ultimate Proportions, with fome Remarks on the dif- 
ferent Methods, that have been taken to obviate 
them. 

19. A Diflertation fhewing, that the Account of 
the Doftrines of Fluxions and of Prime and Ultimate 
Ratios, delivered in Mr. Robins’s Difeourfe, is agree- 
able to the real Meaning of their great Inventor. ^ 

20. A Dcmonftratlon of the Eleventh Propofition of 
jSir Ifaac Newton’s Ticatife of Quadratures. 


: ] ^ ^ 

II. Remarks BcrnoullPa Difeomrfe. Upon the 
Laws of the Communicauqn of Motion. 

32 . An Examination of a Note concerning the 
Sun’s Parallax, publdhcd at the end of Baxter’s Ma* 
tho. ' ‘ ^ ^ 

23. Remaiks on Euler’s Trcatifc of Motion; Dr. 
Smlih’s Syflem of Optics; and Dr. Juriii’s Eflay on 
and Indlflin£i Vifion. 

^4. Appendix by the Publlfher. 

It is but juilice to fay, that Mr. Robins was one of 
the moll accurate and elegant mathematical writers that 
our language can boall of ; and that he made more real 
improvcmuils in Artillery, the flight and the rcfiftance 
of projciSlilc's, than all the picccding writers on that 
fubjc^d. His New Prlnclplts of Gunnery wcie tranf- 
latedinto fevcial other languages, and commented upon 
by fevcial eminent writers. The celebrated Euler tran(- 
lated liic work into the German language, accompa- 
nied with a large and critical commentary ; and tin's 
work of Euler’s was again tranflated into Engillh in 
1714, by Mr. Hugh Brown, with Notes, in one vo- 
lume 41:0. 

ROBINS, or Robyns (John), an Engillh mathe- 
matician, was born in Siaflbrdihirc about the elofc of 
the i^th century, as he was entered a lludentat Oxfoid 
in 1516, where he was educated for the church. But 
the bent of his genius lay to the fciences, and he fooii 
made fuch a progrefs, la}s Wood, in “ the plcafanr. 
ftudies of mathematics and aftiology, that he became 
the ablell perfon in his time for thoic Ihidies, not ex- 
cepted his friend Record, wliofe learning was moic 
general. At length, taking the degree of bacliclor of 
divinity in 1531, he was the year following made by 
king Henry the Vlllth (to whom he was chaplain) 
one of the canons of his college in Oxor, and in De- 
cember 1543 canon of Windfor, and in fine chaplain 
to Queen Mary, who had him in great veneration for 
his learning. Among feveral things that he hath 
written relating to allrology (or allronomv) I find 
thefe following; 

** Dc Culminathne FtKariim SteHaruntj fs’e. 

Ve Ortu y O^cafu Stcllarvm Fixarum^ 

Aunotatwnes Aflrolo^ica^ c, lib* 3. 

Annotationet Edv^ardo VI* 

Frail alus de Pro^nnjlicatione per F.cVtpfin* 

All which books, that are in MS> were fome time 
in the choice library of Mr. Thomas Allen of Glotef- 
ter Hall. After his death, coming into the hands «f 
Sir Kencim Digby, they were by him given to ilic 
Bodleian library, where they yet remain. It is alfo 
faid, that he the fald Robyns hath written a book inti* 
tied, Ve PorUniaJis Cornetts^ but fuch a thing I have 
not yet fecn, nor do 1 know any thing clfe of the au- 
thor, only that paying his laft debt to nature the 25th 
of Augult 1558, he was buried in the chappel of St. 
George at Windfbre.” ' 

ROCKET, in Pyrotechny, an artificial firework, 
nfually confi fling of a cylindrical cafe of paper, filled 
with a compofition of certain combuftibic ingredients; 
which being tied to a rod, mounts into the air to a con- 
fidcrable height, and there burfls. Thefe are cali<;d 
lly Rockets* Bcfide which, there arc others called 
JVatcr Rocictst from their afting in water. 
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with Which Rochets are filled, con- 
^jfts of the three followilfg inCTcdicnta, viz, faltpetre, 
chtfxioah fiilphvr, alt well ground ; and in the 
imaller fizea, gunpowder duib is alfo added* But the 
proportions of all the ingredients vary with the weight 
ol‘ the Rocket, as in the following Table. 

CempofttioM for Rockets of V arms ^hes* 

The General Compofition for Rockets Is, 
Saltpetre 4 lb. 

Sulphur 1 lb. 

Charcoal t lb. 

But for large Rockets, 

Saltpetre 4 lb. 

■SAiIphur 1 Ik 

Mcalpowder i lb. 

For Rockets of a Middle Size, 
vSahpetre 3 lb. 

Sulphur 2 lb. 

Mcalpowdcr i lb. 

Charcoal i lb. 

When Rockets are intended to mount upwards, 
theyliave a long flender rod fixed to the lower end, to 
diredl their motion. 

Theory of the Flty^ht ofRocJtets,-^Vl2ix[oii<: takes the 
life of Rockets to he owing to the impulfe or lefiftatice 
of the air againll the flame. Dcfaguiieis accounts for 
ik thus. 

Conceive the Rocket to have no vent at the choke, 
and to be fet on fire in the conical bore ; the coiifc- 
qucnce would be, cither that the Rocket would burft in 
the wcakeft place, or that, if all parts were equally 
Urong, and able to fullain the impulfe of tjie flame, the 
K<Kkct would burn out Immoveable. Now, as the 
force of the flame is equable, fuppofe Its action down- 
wards, or that upwards, fufficient to lift 40 pounds ; 
ns thtfe forces arc equal, but their diredions contrary, 
tlicy will dellroy each other’s aiflion. 

Imagine then the Rocket opened at the choke ; by 
this means the a£bion of the flame downwards is taken 
nway, and there remains a foixc equal to 40 pounds 
a6ting upwaids, to carry up the Rocket, and the ftick 
or rod it is tied to. Accoidliigly we find that if the 
eompofition of the Rocket be very weak, foas not to 
give an impulfe greater than the weight of the Rocket 
nnd flick, it docs not rife at all; or if the compofitlon 
be flow, fo that a fmall part of it only kindles at fiifl, 
the Brocket wdll not rife. 

The Hick to keep it perpendicular ; for if the 
Bucket fliould begin to tumble, moving round a point 
in the choke, asbeing the common centre of giavityof 
Kockc't and flick, there would be fo much friction 
^gainfl the air, by t!ic Hick between the centre and tlie 
point, 3nd the point wodd beat apinll the air with fo, 
much velocity, that the reaiStion of the medium would 
reflore it to its perpendicularity. When the coinpjili- 
tionis burnt out, atid the impulfe upwards has ccafed, 
the common centre of gravity is brought lowtr towards 
the middle of the flick ; by wduch means the velocity of 
the point of the flick is dccrcafcd, and tliol of the 
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point of the Rqcket is increafed ; fo that the whole 
wiU tumble down, with the Rocket end foremoft. 

All the while die Rocket burns, the common centre 
t)F gravity is fhifting and getting downwards, and ftill 
the faftcr and the lower as the flick is lighter } fo that it 
fometimea begins to tumble before it ia quite burnt out : 
but when the flick is too heavy, the common centre of 
gravity will not get fo low, but that the Rocket will 
rife fltaight, though not fofall. 

Fixim the exp>erimeiits of Mr. Robini* and other 
gentlemen, it appe.u^ that the Rockets oh/J, 3. Or 4 
inches diamctei, life the li!j\hell ; and tliey found them 
rife to all heights in the air, from 400 to 1254 yards, 
which is about three qu.utcMS of a in:le. See Robins’* 
Tracts, voL 2, pa. 317, and the Htilof, Tranf. vol. 46, 
pa. 578. 

ROD, or Poky is a long mcafure, of 16^ feet, or 
5! yards, ort]ie4ih pait of a Guotei’s chain, forland- 
incaiurlng. 

ROEMER (Oi.Aus), a noted Danifli aflixmomer 
and maiheinatlcian, was born at Ailuilen in Jutland, 
1644 ; and at 18 yeais of age wn# fent to the unlverfity 
of Copenhagen. He applied afliduoufjy to the fludy 
of the mathematics and ailronomy, and became fo ex- 
peit in thofe fciences, that when Picard was fent by 
Lewis the XlVlh in 1671, to make obfervations in the 
north, he was greatly fnrprifed and pleafed with him. 
lie engaged him to return with him to France, Bind had 
him prefented to the king, who honoured him wu'th the 
daupliin as a pupil in matlicmatics, and fettled a penfion 
upon him. was joined with Picard and Caflini, in 
making allronomical obfervations ; and in 1672 he w'a« 
admitted a member of the academy of fciences. 

Dining the ten years he refided at Paris, he gained 
great reputation by his difeoveries ; yet it is faid he com- 
plained afterwards, that his coadjutors ran away with 
the honour of many things which belonged to him. 
Here it was that Roomer, firfl of any one, found out 
the velocity with which light moves, by means of 
the cclipfei of Jupiter’s fatellites. He had obferved 
for many years that, when Jupiter was at liisgreatcft: 
diflance from the earth, where he could be obferved, 
the emcrfions of liis firfl fatcllite happened conllantly 
15 or 16 minutes later than the calculation gave them. 
Hence he concluded that the light refit tied by Jupiter 
took up this time in running over the excefs ofdiilance, 
and confcqucntly that it took up iborifl miiHiles in 
running over the diameter of tlie eartli’s orbit, and H or 
9 in coming from tlie fun to us, provided its velocity wa* 
nearly uniform, I’his difeovery had at firll many op- 

f iofers; but it was afterwards confirmed by Dr. 15 rad- 
cy in the moll ingenious and beautiful matintr. 

In 168 1 Rocmer v'as iccalled back to his own 
Country by ChrilUan the Vth,king of Denmark, who 
made him profeffor of aflronomy at Copenhagen. The 
king employed him alfo in refoiining the coin and the 
architecture, in regulating lire weights and meafures, 
and in meafuniig and faying out llie Iiigh roads through- 
out the kingdom ; offices which he difeharged with th^ 
realcfl credit and fatisfaClion. In confeqirencc he wa* 
onoured by the king with the appointment of chat*- 
ccllor of the exchequer and other dignities. Finally he 
became couufcUor of Hate and burgomaiW of Coperr* 
3 D hagea* 



R O L E 586 ] It 0 L 


liagcn, under Fredenc the IVth, thc/ucceffbrof Chrif. 
tian. Rotnicr waB preparing to publiOi the rcfult of 
bis obfervnriona, when he died the 19th of September 
1710, at ')6 years of age : but this lofs was fupph’ed by 
Horrebow, his difciple, then profefTor of aftronomy at 
Copenhagen, who puhlifhed, in 4ro, 1753, various 
obfcrvalionsof Roemer, with his method of ohferving, 
under the title of lUfis AJtronnmut . — He had alfo 
ptinted various afti'oiioimcal oblervatirms and piices, 
hi feveral votomes of the Memoiis of the Royal Aca- 
demy of Sciences at I’aris, of the inditutioQ of 1666, 
particularly vol. I and 10 of that colledion. 

ROHAULT (Jam vs), a French philofopher,. was 
the fon of a rich mei chant at Amiens, where he was 
born in 1620. He cultivated tlie languages and helles 
lettres in his own country, and then was fent to Paris 
to Ihidv pliilofophy. He feems to liavc been a great 
lover of irmh, at lead uhat he thought fo, and to 
have fought it witli much impartiality. He read the 
ancient and modern philofophcrs \ but Hes Cartes was 
the author who moft engaged his notice. Accordingly 
be became a zealous follower of that great man, and 
drew up an abridgment and explanation of his philo- 
fophy with great clearnefs and method. In the preface 
to his Phyfesy for fo his work is called, he makes no 
ferupic to* fay, that'“ the abilities and accomplifhments 
of th is philofophcr mull oblige the whole world to con- 
fefa, that Fiance is at leaft as capable of producing and 
i-aifing men verfed in all arts and branches of know- 
ledge; as ancient Greece.^* ^ Clerfelier, well known 
for his tranflation of many pieces of Des Cartes, con- 
ceived fuch an affeiflion for Rohault, on account of his 
attachment to this philofophcr, that he gave him his 
daughter in maniage againft all the remonllrancea of 

bis family. , . - 1 1 , 

Rohault's Phyfics were written m French^ but liavc 
been traiiHatcd into Latin by Dr. bamuel Clarke, 
with notes, in which the Cartefian errors are correaed 
upon the Newtonian fyllem. The fourth and beft edi- 
tion of Rohault* s Phyjica^ by Clarke, is that of 
in 8vo. He wrote alio, 

Mrnens eft MathematiqueSf 
T raiU' de McchanlqHe^ and 
Entretiens fur la Philofophie. 

But ihefe dialogues are founded and carried on upon 
the principles of the Cartefian philofophy, which has 
now little other merit, than that of having coneaed 
the errors of the Ancients. Rohault died in 1675, 
and left behind him the charader of an amrable, as 
well as a learned and philofophie man. 

His pofthumous works were coUefted and printed in 
two neat little volumes, firft at Paris, and then at the 
Hague in 1690. The contents of them arc, 1. The 
firft 6 books of Euclid. 2. Trigonometry. 3. Prac- 
tical Geometry. 4. Fortification. 5. Mechanics, 

6. Perfpedive. 7. Spherical Trigonometry. 8. Arith- 
metic. 

ROLLE (Michil)> a French mathematician, was 
born at Ambcrt, a fmall town in Auvergne, the 21ft of 
Apnl 1652. His firft ftudies and employments were 
under notaries and attorneys ; occupations but little 
ftiiud to his genius. He went to Paris in 1675, with 
liie only refource of fine pcnmanlhipr w»d fubfifted by 


giving l^ftbns ;in WritHig. But as hia indinatfoa for 
the mathematics had drawn him to that city, he at- 
tended the mhfters in this fcicnee, and fbon became 
one himfelf. Ozanam propofed a queftion in arithme- 
tic to him, to which KoUe gave fo clear and good a 
fulution, that the ininifter Colbert made him a hand- 
fome gratuity, which at laft grew Into a fixed penfion. 
He then abandoned pcnmanfhip, and gave himfelf up 
entirely to algebra and other branches of the mathema- 
tics. His condud in life gained him many frlands ; in 
which his fcientific merit, his peaceable and regular be- 
haviour, with an exadl and fciupulous probity of man- 
nerf, v\crc his only follcitors. 

Rollc was chofen a member of the Ancient Academy 
of Sciences in 1683, and named fecond geomctrical- 
penfionary on its renewal in 1699; which he enjoyed 
till his death, which happened the 5tli of July 1719, 
at 67 years of age. 

Tlie works publiflied by Rolle, w'ere, 

I. A Treatife of Algebra ; in 4to, 1690, 

If. A method of rtfolving Indeterminate Qiieftions 
inAlgehia; in 1699, Rerides a great many cm ious 
pieces inferted in the Memoirs of the Academy of 
Sciences, as follow .* 

1. A Rule for the Approximation of Irrationrd 
Cubes: an. 1666, vol. 10. 

2. A Method of Refolving Equations of all Degrees 
which arc exprclTcd in General Terms; an. 1666, 
vol. 10. 

3. Remarks upon Geometric Lines: 1702 ana 

4. On the New Syllem of Infinity: 1703, pn. 
312. 

5. On the Inverfe Method of Tangents : 1705, pa. 

6. Method of finding the Foci of Geometric Lines 
of all kinds; 1706, pa. 28^. 

7. On Curves, both Geometrical and Mechanical, 
with their Radii of Curvature; 1707, pa,370. 

8. On the Conftruftion of Equations: 1708, and 
I 7 ® 9 * 

9. On tlie Extermination of the Unknown Quanti- 
ties in the Geometrical Analyfis; 1709, pa. 419. 

10. Rules and Remarks for the Conftruilion of 
Equations: lyu, pa. 86. 

11. On the Application of Diophantinc Rules to 
Geometry: I7r2, 

12. On a Paradox in Geometric Eifedions: lyijj 
pa. 243- 

13. Cn Geometric Conftrudions : 1713, pa. 261, 

and 1714, pa. 5. _ ^ ^ ^ 

ROLLING, or Rotation, in Mecl>anic8,a kind 0' 
circular motion, by which the moveable body turns 
round its own axia, or centre, and continually applu-’* 
new parts of its furface to the body it moves upon. 
S\ich is that of a wheel, a fpherc, a garden roller, or 
the like. 

The motion of Rolling is oppofed to that of fiidin? ; 
in which latter motion the fame furface is continually 
applied to the plane it moves along. 

Ii^a wliecl, it is only the circumference that pro- 
perly and fimply rolls ; the reft of the wheel proceeds 
m a. compound angular kind of motion, and paj||y 
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Tolh* Hides*. The want of dlftinoruldiing be- 
tnrcea which two motions, occaiioned the diihculty of 
that celebrated problem of Arillotlc’s Wheel. 

The friflion of a'body In i*olljng, is much Icfs than 
the fridion in Hiding. And hence arifes the gicat 
ufe of wheels, rolls, &c, in machine.^ ; as •much of 
the a<^lion as poflible being laid upon it, to ntakc 
the refinance thelcfs. 

ROMAN Onlcrt in Architedluie, is the fame as 
the compofitc. It was invented by the Romany in the 
time of Aiigiiftas { and it is made up of the Ionic and 
Corinthian orders, being moie oriKimental than ci- 
thtr, 

RONDEL, in Foitification, a round tower, fome- 
ttPK's ere<'fl;cd at the foot of a hadion. 

ROOD, a fquarc meafure, being* a quantity <»f lan l 
iiill equal to the 4th part of an acie, or equal 10 {o 
pcii'lies or fquare poles. 

ROOF, in Architecture, the uppermoft pait of a 
building; being that which forms the covering of the 
whole. In this fenfe, tlie Roof com pit fes tl»e timber 
work, together with its furnituie, of flate, or tile, or 
lead, or whatever elfc ferves for a coveiing: though 
the carpenters ufually reflrain Roof to the timber- 
wuik only. 

'fhe form of a Roof is various; vir, f. Pohilcdy 
when the ridge, or angle formed by the two lides, is 
nil acute angle. — 2, Square^ when the [litch or angle of 
the lidgc is a right angle, called the true pitch — 5. 
Flat or pediment Roof, being only pediment jiitch, 
or tlie angle veryobtufe. There arealfo various other 
(orm'^, as hip Roofs, valley Roofs, hoppei Roofs, doti- 
b'e ridges, platforms, round, 6tc.— In the true pitch, 
\\heii the Tides form a fquarc or right angle, the girt 
ovLT both Tides of the Roof, is accounted equal to the 
hicadrh of the building and the half of th(’rame. 

KOOKF (LAWRfcNcr), an Englidiallronoincr and 
geometrician, wai born at Deptford in Kent, 1623, 
and educated at Eton fchool. From hence he re* 
moved to King’s College, Cambridge, in 1639. Af- 
ter taking the degree of mailer of arts in 1647, he rC- 
tned into the country. But in the year f(5^o he went 
to Oxford, and fettled in VVadham College, that he 
miglit have the company of, and receive improvement 
iunn Or, Wilkins, and Mr. Seth Ward the Agronomy 
1 lotdlor ; and that he might alio accompany Mr. Boyle 
111 his chemical operations. 

Alter tlie deatn of Mr. FoHer, he was chofen Aftro- 
romy Prolelfur in Grclharn College, London, in the 
)'-ir 16^7. He made fome obfervations upon the 

uiut at Oxford, which appeared in tlie month of De- 
cember that year; which w-ere printed by Mr. Seth 
year following. And, in 1655, Dr. Wallis 
D' his'licatile on Conic Sedions, lie dedicated 

work to tliofetwo gentlemen. 

^ Mr. Rooke was permitted to exchange the 
j! profeflbrlhip for that of geometr)'. Tiiis 

Ihrange, asaftronomy Hill continued to 
f lludy ; but it was thought to have 

ed^h ^^‘^Gt>nvenience of the lotlgiiigs, which opeii- 
/ reading hall, and therefore were proper 

reception of tbofe gentlemen after the lec- 


tures, who in the year 1660 formed the Royal Society 
there. 

Mr. Rooke having thus fuccefRvely enjoyed thofe 
two places lomc yeais before the relloration in 
moll of (bofe geutlcmen who had been accuflomed to 
anVmblc with him at Oxford, coming to Loudon, joined 
with other philofoplucal genthmtn, and ufually met at 
Orefhiiu Collegt* to hi-ar Mr, Rooke's lediires, ami af- 
tciwaub w'ithduw into Ins apartment ; till their meet- 
ings vveie Intel lupted !)y the qu,n tci ing of lolclleu iil 
the college that ve.ir. Ami after the Royal Soiiety 
eanic to be foiined and fettled inlo a regular body, Mr. 
Kookc w lb v(i y /{.alums .uul fei v leeahle in pioinotnig 
that gr,at and ufein! inllituliun ; thoiqdi he liiil not 
live till It leccived its tllabhfhnient Iq th. Royal cluiter. 

'rhe Maiquis of Durchcllei, vvi,o vv.is not only a 
patron of luiiiiing, but Ic.u iied himlelt, ufedtociilM- 
lain Ml. Rooke at his le.it at Hiyjigate aftrr the lello- 
lation, and biiiig lum evei y Wcdiiefday iii liis coacli to 
tlie Royal Society, uliuh then met on that day ol‘ tiie 
week at Gielham College. But the lall time Mr. 
Rooke was at Higligatc, he walked from tlaiice; and 
it being in the fuminer, lie overlieat<'d hlmfelf, and 
taking cold after it, lie w’as tluovvn into a fever, which 
Loll him lus life. \\c died at his ajiartinemla at 
Gicfharn College the 2;th of June ibba, iu the 401I1 
year of his age* 

One other very unfortunate cncumflancc attended 
his death, wliicli was, that it happened the very night 
tliat ho had for fome years expcrflcd to fiiiifh his aLcti- 
rato oldei valions on the fatellitcfl of Jupiter. When 
he found his illutfs prevented liim fiom making that 
obfcrvntion. Dr. Pope fiys, he feiit to the Society Ins 
rtrjueil, tliat fome other peifon, properly qualified,' 
miglit be appointed tor tint purpofe ; fo intent vvat 
be to the Ipllon making thofe cuiious and ufcful diTco- 
vcrics, in which he had been To long engaged. 

Mr. Rooke made a mincupatory will, leaving what 
lie had to Dr, Ward, then lately made billiop of Exe- 
ter; whom he permitted to leceive what was due upon 
bond, if the debtois ofleicd payment williiij^dy, other- 
wife lie would not liavc the bonds put in fiiit ; “ for, 
faid he, as I never was in law, nor liad any contention 
with any man, in niy llfe-tiine; neither would I be fo 
after my death.’' 

Few perfons have left behind them a mortf agiccabic 
eliaia^lcr than Mr. Rooke, from evei y peifon that was 
acquainted with him, or witfi his qiiahlicniions ; and 
III nothing jTKjrc than for his veiatit^ ; for what he al- 
fcrtecl polillvcdy, might he fully relied on ; but if his 
opinion was afl<cd coneeuning any thing that was du- 
biou», his nfiial ^nfwer was, 1 have no opinion," 
Mr, Hook has given this copious, thougli concife clia- 
laifiei of him; “ I never was aequainted witfi any per- 
fon who knew more, an ‘ fpoke Icfs, being indeed emi* 
nent for the knowledge and impiovcmenl of adrono** 
my,*' Dr, Wren and Dr. Seth Ward dcTcribe him, as 
a man of profound judgment, a vafl comprehcnfion, 
prodigious memory, aixl folid experience. His ^cill 
in the indtlicmatics was revcienced by all the lovers of 
thofe Undies, and his perfection in many other forti of 
learning defcives no lets admiration ; but above all, as 
another writer chara6lciize8 him, his exlenfivc know- 
3 D 2 ledge 
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had a right infloence on the teiili)er of hia mind, 
which had all the humility, goodiiefs, calmncft, 
flreneth, and fincerity. of a found and unafftaed plu- 
lofophir. Thtfe accounts give ua hia piaure only .n 
miniature ; but hia fuccelTor, Dr. Ifaac B.-.rrow, ha. 
drawn it in full propC^iion, in his oration at Orelham 
College ; which is loo long to be inferted in ihis place, 
Piib wrilinga were chiefly i 

I OlfniaiioMS on the Comet of Dec. 1652. Inis 
was printed by Dr. Seth Ward, in his Leaures on 

Comets, 4to, 1653. , v a i m n 

a. DtuillMxfQr Seamen gung to the 
JnJies. rublilhcd in the Philofophical Inmfaaions 

^°'^l!jMetLjofO>if<rvhglhe Erl'ipfet of the Moon&e. 

In'thcPhilof.liaul. lor Feb. 166b. 

A. J Dfom/e iOHcerning the Gbjervatuns cj the Jh- 
,r,j,/es of the SakllUes of Jupiter, lu the Hiflory of the 
Uo\al Society, pa. 183. 

5. An Juount of an Experiment maile ovitb IM m a 
hi" ^uhe. Read to the Royal Soc. April 23, i6u2 ■— 
r,y this experiment it was found, that the oil lunk 
when the fun (lione out, and lofcwhen he was clouded j 
the proportions of which are fet down m the ac- 

ROOT, in Arithmetic and Algebra, denotes a 

quantity which being multiplied by itfelf produce fome 
lilgher power •, or a quantity conlldered as the balls or 
foundation of a higher power, out of which this ariles 
and grows, like as a plant from Its Root. 

Ill the involution of powers, from a given Root, the 
Root is alfo called the firll power; when this is once 
multiplied by itfelf,_,it,P™duces^tlie Square or fccoiid 
pow 


wwv.v. , this multiplied by the Root again, makes the 
cube or 3d power ; and fo on. And hence the Roots 
alfo come to be denominated the fquare-Root, or 
cube-Root, or jd Root, or 3d Root, &c, accord- 
ing as the given power or quantity is conudered as 
thcfqiiarc, or cube, or 2d power, or 3d power, &c. 
Thus, 2 Is the fqnai e-Root or 2d Root of 4, and the 
cube-Root or 3d Root of 8, and the 4th Root of 16, 

Hence, the fquarc-Root Is the mean propoitional 
between i and the fquare or given power ; and the 
cube-Root is the firll of two mean proportionals be* 
tween i and the given cube ; and fo on. 

To Yxtraa the Root of a given number or power. 
H'his Is the fame thing a.3 to find a number or quaritity, 
which being multiplied the proper number of tirnes, 
will produce the given number or power^ bo, to J 
the cube Root of 8, is finding the number 2, which 
multiplied twice by itfelf produces the given Bum- 

^^Vor the ufnal methods of extrafling the Roots of 
Numbers, fee the common Ireatifcs on Arithmetic. 

A Root, of any power, that confifts oftwo Mrts, is 
tailed a binomial Root ; as ii or lo + 2. If it con- 
of three parts, it is a trinomial Rootf as 12b or 
100 + 20 + 6. Andfo on. , , . . 

The extradion of the Roots of algebraic quantltlC8^ 
t$ alfo performed after the fame manner as that of num- 
bers ; as roaV be feen in any treatife on algebra* Sec 
aUb the artWe £itu,ction of Roots. 


A general method for all Roots, it alfo by Ntm. 
ton’s binomial theorem. See Bimomial Theorem. 

Finite approximating rules for the extraflion of 
Roots have alfo been given by fcveral autliors, as Raph- 
fon, De Lagney, H^cy, &c. Sec the articles Ap • 
pRoxiMATioN and Extraction* Sec alfo Newton s 
Univerfal Arith.the Appendix; Philof. Tranf. numb* 
210, or Abridg. vol. i, pa* Si ^ Maclaurin s Alg. 
pa. 242 ; Simplon’s Alg. pa. 1 o** E^ys, pa* 
b2, or his DIffertations, pa. 102, or his beledExerc. 
pa. 215 : where various general theorems for approxi- 
mating to the Roots of pure powers are given* Sec 
alfo Equation and Reduction of Equations, Ar* 
PRoxiMATiON, and Converging. 

But tlic molt commodious and general rule of any, 
fer fucli approximations, 1 believe, _ is that winch hai 
been invented by royielf, aifd explained in my liatls,. 
vol. I, pa. 49 r which ihcoiem is this ; 

a = v^N. That is, having lo 

« — I .N + « + I 

extrafl the Nth Root of the given number N take 
ihc neartll rational povvci to tliat given quantity N,. 
whether greater 01 lei's, its Root of the lame kind being 
a ; then the requiied Rout, or ^N, will be as is cx- 
prilfod in this formula above ; or the lame expreffed in 
a proportion will be thus : 

« — I .N + « + I I « + I .N-f « — I .a" t ^ 
the Root fought very nearly. Which rule Includes all tlic 
paiticular rational foi mulas of Dc I.agiicy, and Halley, 
which were fiparatcly invclligalcd by them ; and yet 
this general fo-mula is pcrfedly fimple and eafy to ap- 
ply, and moic eafily kept in mind than any one of the 
laid particular formulas. 

Ex. Suppofe it be required to double the cube, or 
to cxtra6t the cube Root of the number 2 . 

Here N = 2, n = 3, the neared Root <2 = i» d- 
fo r: 1 ; hence, for the cube Root the formula be- 


comes 


4N + 


2a^ 2N 

: a or 


+ 


L. = i/N. 


2 N + N -F la^ 

But N -F 2 a 3 =r 4, and 2N -F = 5 J therefore 

- = 1*25, = the Root nearly by a firll 
4 


as 4 ; 5 : 
approximation, , 

Again, for a fecond approximation, take 
I2C 

and confequently ; 

12c 381 

hence *N-ha»-4 + -§^-g^ 

, X, . , , j. * 5 ° _ 

and N + 2 «’=» 


.=i,. 




therefore 88378 ; 381, ora8ia6: 127 --- 

I’ajgqzi &«, forthp required cube Root of 2 . w*”*^** 
ia true even in the laft place of dcciinalB. 

Root ofm Equation, denote* the value of ‘f*' 
known quantity in an equation}, which 
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«« being fubftituted inf^ead of that unknown 
letter, Into the equation, (hall make all the terms to 
▼anifh, or both fides equal to each other. Thus, of 
the equation 3.V 4- 5 = 14, the Root or value of .vis 3, 
becaufc fubllituting 3 for .r, makes it become 94-5 — 
14. Aikd the Root of the equation 2.v* = 32 is 4, 
bccaufc 2 X 4* = 32. Alio the Ro ot of the equa- 
tion .r* = -f* r* is .V Va* 4 “ 

For the Nature of Roots, and for extradling the fe- 
deral Roots of equation8> fee Eq^JAtioh. 

Every equation has as many Roots, or values of the 
unknown quantity, as are the dirntnfions or highcil 
power in it, Asa iimple equation one Root, a quadra- 
tic two, a cubic three, andfoon. 

Roots are pofitive or negative, real or imaginary, ra- 
tional or indical, See. See Equation, 

Cu/w Root, This is threefold, even for a iimple 
tubic. So iKc cube Root of a^, is cither 


2 3 

And even the cube Root of i itfelf is either 


— t + 3 ~ I — 3 

i, or or 

2 2 

i?r3/ anJ Itnaj^inary Roots. The odd Roots, as tht 
3d, 5lh, 7th, iic Roots, of all real quantities, whe- 
ther pofitive or negative, aie veal, and arc rtfpeiiiively' 
pofitive or negative. So the cube Root of a’ is «, and 
of — • is — • a. 

But tlie even Roots, as the 2d, 4th, 6ih, 5 cc, arc 
only real when the quantity is pofitive j being imagi- 
UcU-y or impoirible when the quantity is negative. So 
the fqiiare Root of is o, wliieh is real ; but the 
fquare Root of — that is, y'— rA, is imaginary 
or impoirible; becaufc there is no quantity, neither 
4- a nor — a, which by fquaving will make the giveti.. 
negative fquaie — 


Table cJ' Roots, &:c. 


THE following Table of Roots, Squares, and 
Cubes, is very ufeful in many calculations, and will 
ferve to find ftjuare- Roots and cube Roots, as well as 
fquare and cubic powders. The Table confifts of three 
columns: in the firll column are the feries of common 
mmihers, or Roots, !, 2, 3, 4, 3, 6, Sec ; in the 
fecoiid column are the fquares, and in the third co- 
hunn the cubes of the fame. For example, to find 
the fquare or the cube of the number or Root 49. 
Finding this number 49 in the firll column ; upon 
the fame line with it, Hands its fquar^; 2401 in the 
fccoud column, and its cube 1 17649 in the third 
column. 

Again, to find the fquare Root of the number 
7®o* Near the beginning of the Table, it appears 
that the next lefs and greater tabular fquares arc 676 
and 729, wdiofc Roots are 26 and 27, and therefore 
the fquare Root of 700 is between 26 and 27. But 
a little further on, viz, among the hundreds, it ap- 
pears that the required Root lies between 26*4 and 
26*5, the tabular fquares of thefe being 696*96 and 
cutting off tlic proper part of the figures for 


decimals. Take the difference between th* lefs fquax 
696*96 and the given number 700, which gives 3*04, 
and divide the half of it, viz 1*52, by the lefs given 
tabular Root, viz 26*4, and the quolieiit 575 givta at 
many more figures of the Root, to he joined to tlic 
firll three, and thus making the Root equal to 
26*4575, which is true'in all its places. 

AHo to find the cube Root of the number 7000.; 
near the beginning of the Table, among the tens, 
it appears that the cube Root of tliis number is be- 
tween 19 and 20; hut farther on, among tlic hun- 
dreds, it appears that it lies betw'ceu 19*1 and 19*2, 
allowing for the proper number of iiUegers. Rut if 
more figures arc required ; fiom the given number 
7000 take the next lefs tabular one, or the cubo 
of 19* F, viz 6967871, and there remains 32 ‘129, 
the 3d part of which, or 10*730, divide by the 
fquare of 19*1, viz 364*81, found on tlic fame line, 
and tlie quotient 293 is the next three figures of the 
Root, and therefore the whole cubic Root is 19* 1293, 
which is true in all its figures.— The Tabic follows. 


T/til.K 
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ABLE of Square and Cubic Roots. 


Riot. , 

S<^iiare; 

Cube. 

Root., 

S<iu<>re. 

Cube. 

R oot. 


Cube, j 

Root. 

Square. 

Cube. 

1 

I 

1 

64 

4036 

262144 

127 

16129 

204838^3 

19D 

36100 

685900c 

2 

4 
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The followlnpr is another Table of the Square Roots of the firll looo Numbers to J9 
places of dci-iinal Ggures bcfide the integers, which needs no farther explanation, as 
Nu nh. is Itand always i a the hill column, and their Square Root^inthe next. 


Tdhle of Square Roots to ten Decimal Places. 
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146969384567 

:8 

5*2915020221 

91 

9-539,3920142 

‘54 

12*4096736460 

-‘7 

14*7309198617 

29 

5*385 1648071 

92 

9-5916630466 

‘55 

12*4498995980 

2(8 

14*7648230602 

30 

5 ’ 477225 w^'' 

93 

9.6436507610 

156 

12*4899959968 

219 

14*7986485869 

3 ^ 

5-5677643628! 

94 

9 ' 6953 > 97'48 

‘57 

12*5299640861 

220 

14*8323969742 

32 

3 r) 568542495 ' 

9 S 

9-7467943448 

158 

I 2*5698050900 

221 

14*8660687473 

33 

5-74456164651 

96 

9 ' 7979 > 897 " 

‘59 

12*6095202 129 

222 

14*8996644258 

34 

5-83095189481 

97 

9*8488578018 

160 

12*6491 106407 


14.9331845231 

3 S 

59160797831 

98 

9*8994949366 

16M 

12*6885775404 

224 

14*9666295471 

36 

0 

0 

0 

0 

0 

0 

0 

0 

0 

99 

9*949^743711 

162 

12*7279220614 

225 

1 5*0000000000 

37 

6-0827615503' 

too 

1 0*0000000000 

163 

i 2 ‘ 767 ' 45334 * 

226 

15.0332963784 

38 

6-1644140030 

lOI 

10*049875621 1 

164 

12*8062484749 

227 

J50665191733 

39 

6 ’ 24499790 *V 

[02 

10*0995049384 

'65 

12-8452325787 

228 

1 5*0996688705 

>|0 

6 - 3 : 4 ( 5532°3 


10*148891 565 1 

166 

12*8840987267 

229 

‘r» 3^7459504 

4 i| 

6-4031242374 

104 

10*1980390272 

167 

12*9228479833 

230 

15*1657508881 

^ 42 1 

6-4807406984 

105 

io’’ 46950766 o 

168 

12*9614813968 

23 ‘ 

15*1986841536 

43 

'''■ 55 '/ 4385 M 3 

106 

10*2956301410 

169 

13,0000000000 

23^ 

15*2315462117 

44 

6-6332495807 

107 

10*3440804328 

1 ‘70 

[3*0384048104 

233 

15*2643375225 

45 

6-7082019325 

108 

'0.3923048454 

* 7 ‘ 

13*0766968306 

23 + 

15*2970585408 

46 

6-7323299831 

10(; 

io. 440 .r 65 o 89 

172 

13*1 148770486 

235 

I $’3297097 ‘68 

47 

6*8556546004 

no 

10*4880884817 

i ‘73 

13-1529464380 

236 

15*36229149^7 

48 

6 9282032303 

III 

'05356537529 

‘74 

13-1909059583 

257! 

15*3948043183 

1 47 

7*0000000000 

1 1 2 

10-5830052443 

‘75 

13.2287565553 

238 

15*427^486209 

50 

7*07106781 19 


10*6301458117 

176 

13. 26649916(4 

239 

1.5*4596248337 


7-1414284285 

114 

10*6770782520 

‘77 

i 3 *S 04'346957 

240 

‘ 5 ' 49‘9353848 

52 

7*2 1 1 1025509 

• 15 

10*7238052948 

178 

I3341664064I 

241 

1 5 *5 241 746963 

53 

7*2801098.^93 

II6 

10*7703296143 

‘79 

13*3790881603 

342 

15*5563491861 

54 

7-3484692283 

II7! 

10*8166^38264 

180 

13.4164078650 

243 

15*5884572681 

55 

7*4161984871 

118 

10*862*] 8049 12 

18 1 

13.4536240471 

244 

15*6204992518 

56 

7 * 4 S 3 .V 47'35 

II9 

io'9o87i2ii46 

182 

‘ 3 * 4907375 ^> 32 i. 

H 5 

15*6524758425 

5; 

‘’^'4Q8344353 

120 

10*9544511501 

'83 

‘3*) ^774925^5 

246 

15*6843871414 

58, 

7-6157731059 

I 2 I 

1 1 *0000000000 

'841 

‘i‘ 5 %^' 599<563 

147 

15*71623364^5 

59 

7.6811457479 

122 

n 0453610172 

1851 

13.6014705087 

2481 

15*7480157480 

60,7*7459666914 


m* 0 ' 705365 o 64 

i86 

1 13.6381816970 

»49 

‘ 5779733 M‘ 

x . 

e* •« t j e ^ . 1 

f ^ 4 

1 f»f'»rr'>Rn»r*» 

i iSt 1 

1 T 2 ' 6 ';A 7 Q 122 I 2 

2tO 

1^*811^883008. 



R O O 


R O P 


C 395 ] 


No. 

253 

254 
25 V 

256 

257 

258 
2)9 
260 
: 6 i 
262 

•63 

264 

269 

266 

267 

268 

269 
2jri 
27ii 
272 | 
273! 
274 

27 ^ 

276 

277 

7« 
279 
280 1 
28 1 1 
282! 
283; 
284 ! 
2«5 

286 

287 

288 

289 

290 

291 

292 

293 

794 

295 

296 

297 

298 

299 

300 
30 * 
30J 

303 

304 

306 

307 

305 
309 

3*P 

311 

3U 

3*3 

3*4 

i3‘) 


Square Root. 


Squat € Ro'^^vs. 

No. j Squiie Root ]| No 


15 - 9059737.06 1316 ;i 7 ‘ 7 ^ 63 .s 883 .;r,|.;g 

* 5 ‘93 73 7 7 4 50 ) 1 3 * ' , 1 7 *^ 0449 38 1 4 S ' ^Ho 
15-9687J94227!|3 i8, 17 . 83 : 5545001 !! - 8 , 
l6•onr>nnrnr^^^l 3 I 9 | 1 7-8(: O ^ 7 1 099 ^ ' ‘ 
32o|i7-88i-:5i382co 
321117 * 916472867 : 

322 1 17*9443 )S4449 

323 [ 17 * 9722007556 , .. 

324:1 8*0000000000 |i 38; 


i 6 *cocoococoo 
16-03 1 2 195419 
16*0623784042 
16-0934769394 
i6*i 245154966 
16-1554944214 
16-1864140562 
i6*2 172747402 
'i6*24So768o92 
16*2788205961 
16-3095064305 
16-3401346384 
' 6 ’ 37 ° 70 ' 54 V 

>6*4012194669 
16*4316767252 

I 6*4620776332 

16*4924225025 
1 6*5227 I I 64 U) 

'^’■5529458569 

16 - 58312395,8 
i 6-(. 132477158 
16-6433169771 
16*6733320005 I , , . 
16*70329308851 342 


l! 

384 

3^) 


325 

326 
1 328 

329 

330 

33* 

332 

3.33 

||334 


18 * 02775637751:388 
180554700853 38 , 
1 8 *o 8 1 14 1 2200 1 ‘X 


• 31413200!' 390 
18*1107702763 il '391 
*‘^‘*3^3)7M*/2!|392 
18 * 165902 1 24 () I' :?n 3 

i8-19340539S7!|394 

i8-i.'.oK67i583:j395 

18*2382875909 I 396 
18*275666882511397 
345 I 'S-.5030O5ii77ji398 
336 ! 18 - 3303027798 399 : , 1 ., 

337 1 i^' 3 S 75397>°7 1 , 4 ooj 20*0000000000 
338 ! 1 8*3847763 109 Ij 4QI j 20*024984394 5 


Sqviaift Rom. 


1 9-46 79 22333 ', 7 ' 
19-4)55886896! 

19*5 192212-^9! 
19 * 544^^’02857 
‘ 9 T 03 '^ 579^8 

* 9 ‘S 954 * 794^\3 
19*62 14168703 , 

1 96468 8 1 704 4 j 

i9*6723i5^7:Q:j 

19*6977156036 
19*72^0829:31 
1 9-7484 1^6581 

»*/77 37199333’ 

19 ■ 

19 * 8 : 42276016 . 1 4^6 
19-8 19453:41 3 1.15 


tNo. 

442 

443 
44 1 

444 

447 

448 

44‘: 

45(j 

451 

4^;- 

4i>3 

4)4 


19*8746069144 
19 - 899:487321 
1 9-92 485884 5 ; 

"7’949957,553.? 


4j8 

•(59 

460 


S(jiiJic Rout. 


2 1*0237060416 
21*0475651798 


21*0715075057 
•il -075023 1097 
21*1 i 87 i 2 c 8 i 9 

21 - 14 : 474^19 

21-1660104885 
11*1896201004 
^ 1*2132034456 
2 1 * 236760^816 

.’1.2602916255 
•-•'379665 58 
21 - 307275 - 5:7 
4 5 5j 21*3307290077 
'** 3)41565041 
5583^64 

2r400)-545 59O^ 
2 r4242S52856[ 

2 i* 44 '; 6 iq 58 o 5 * 


339!*-*4**9526395 


340 

34* 


16*7332005307 
*^’7630546142 
16*7928556237 
16*8226038413 

16 * 852:99546411342 
16-8819430161 [1 343 
16*9115345253 
16,9410743461 
16*9705627485 

I 7*0000000000 

17*0293863659 
1 7*0587221092 
1 7.0880074906 
* 7 * 1*7242768611356 


343 

1344 
! 34) 
.346 


349 

3‘Joi 

”3)2 

3)3 

334 

35) 


17*1464281995 
*7''7556-40373 
17*2046505341 
17-2336879396 
1 7*2626765016 
17*2916164658 
17*3205080757 
*7’3493)*)729:! 


18-4390889146 

18-4661853126 

18 * 49324:0089 


. , 4'^»' I .J*‘4709'‘^)336 

19*9749843554 j ^()2| 21*4941852579 
'46iUi'5i743479U 
464I 21*5406592285 


4021 20 04993765 5 ^ 
1403120*0748598999 

404 i 


465 

4^6 

167 


404 20 * 09975/2422 , ^ 

. ..-^v: 405| 20*12401 i';97 5'|46}5 

18*52025917751^406: :o*i4944i 6796 , 469 
*^’547-3^99*'.^!' 407 20*1742410018 \’4*'o 
iS *5741756:101 408 20*1990098767 1I47 1 
i 8 * 6 oio 7523'7 ,14.-9 :o* 2 ? 374 B 1 16: 11472 


11357 

35 S 

359 

360 
36 , 
362 

b(>i 


i7-.t78i47iy69jj 365 

17 - 4068^318551 366 


18 * 6:7956010 
18 - 654758 Ic 62 
18*6815416923 
18*7082869339 

'87349939952 
18*7616630393 
18 * 7882942:81 
i8-8i 4887-:72: 
r 8 8414436814 
18*8679622641 
18 - 8944 .( 3 '' 2 - 7 

18 9:0887928 \ 

18 - 947295321 ^ , 

18- <)736(,59t)iQ .):3 

1 9 - OOCr OOOCOOII 424 

19 02629 -; 0)04 I 425 

19-0525 5 S 8:‘ 53 ;| 4:6 
19 * 07878 .^ 0 : 83 ,; 7 1 


41 6 

4«7 

4 1 8 

4*9 

42 c 

421 

)22 


2 1*5638586528 
^*■5S7033'4-^9 

: I ’6101827850 
21-63330 6528 
21 65640; 82 7'^ 
2 ** 6794833^87 

:r70253.1,|i42 

21 * 72556098:4 

21*7485631709 

21*7715410571 

“*’794^947*77 

2 r8i742422fi3 

2 /•840529^678 

■'1*8632 1 1 / 091 
21*886068628: 

2 1 * 90890 : 3^02 

2r93i7J2i995 

-.•.. 5449840-4 


410 20-2484567313 I' 4.;3 

41i!2o-2731349327;!4-;4 

412 ; 20 - 297-, 831302 ;-475 
4131 20 - 3224014329 '476 

4' 4 ^ 0 - 346.989949411 477 
415 , 120 - 371548/875 I 478 
20-3960780544 j. 47,3 
20 - 4 : 057 ; 856 ; ' ^Ho 
20 34^0485003 I 48 ] 

20*469 1893905 j-38?^ 

20 - 49,9015 3 * 91^^31 ** 97 ’) 26 t ;9758 
20- 1 8 - 84 ^ 287 j '484 2 2-COO.>OOOOCu 
- 0-5426385842 j '485 I 22 0 : 2715545 ^ 
2 G* 566 (/) 3 Sui:. ji ., 86 j 22-045 f 07 ( "850 
20 * 59 : :''o :820 li 48 1 22 068076490 -; 
:o- 6 [ 5 , 281:81 j| 488 | 22.09072 
:o* 6397 ^ 74406 iKfSy 11534.] ',875 

-V-,-/ 1 / J '0‘6'>397''3*V^ j.'‘l9^->|— *.3 )'m36212 

19*1049731 7 ;j 42 J''j 20 6 SHi 6 o.s 6)0 j 491 2Z-iyo^in^o'>: 

19 - 131126^697 i, 1 .. 9 ’ 20*7123151772 I . 19 .- | 2 :*j 8 i(.'; 301:8 
19*15724 }o 6 o *3533 h 93 !^ 2 ' 2 ^M-^^) 3 ‘***- 

19*1833260933 1 ; 20 * />. 55 394 920 f JO ’ .::- 2 : 6 i JC 7 ^09 

19 - 209372712311432120*7846096 .c.sl "5j2.: 24;35t;v;.Ci 3 
j 9*:35 384 o 6 i 7 1 . 33 , 20 * 808652040 , , 490 . 22 * 27 1057 ^ 5 13 } 
19 * 26136^:843 '434 ; io-Hj 6^06363 ,19 . 22 - 29349 ‘’ 8 c 96 . 
i 9 *:S 730 i 5 ::O'| 43 > 20 * 8566536146 i ;v 8 j 22 - 3 1591 36044 ] 
20 ’J- >' 06 130/78 , 99 ) ^ 2 * 3 383079039 ] 
20 * 90 : 5449604 : 5 coi 22 . 3606797750 ! 
^^>• 9284495 ^/ 15 ' 501 1 : 2*3830292836 
20 * 9523268398 . 502 122*4053565024 
20 * 97 ( 3 17691)34 503 | 2 :* 42766 i 4920 


»7*43S)9)"74’ 

17*4642491966 '3 )8 

17 * 49 ^ 855 ^^ 4 ) '3^'9 

17 - 52/4154679 1370 
*7’549923774«i! 37* 

I7’578395^3I2|!.U^ 

i 7 * 6 o 68 i 68 f'i 7 
17*6351920885 
17*6635217327 

17*69180601 20 jjj/O I i9'39'^7*94297}l439 

17 * 7200451467 ! 377 / 9 ' 4 *M 723 S 9.|440 ^ 

J 7:748 >393493 378: 19 4 j:222095: ;j44i | ji*ooc^.oooocoi 5 04 1 22*449944/ 

^ Y £ 2 " ’ 


y73!'9'3‘3->o';9‘58||430 

' 3'.4U9-33'yOii7>M;!437 
.<7)'i'9'3''>49'^7i‘^ii43>'' 



R O O 


[ 39 ^ J 


n u u 


Table of Square Rcots. 


^07 

508 

5C9 

Sio 

511I 

5*2 

5'3 

5'5 

516 

5*7 

iK 

^9 

5:0 

521 

522 

5-^3 

524 

525 

526 

527 

528 

529 
53'^ 
53* 

532 

533 

534 

535 
53^^ 

537 

53^ 

539 

530 

54* 

)H2 

543 

544 

545 
54^> 

547 

548 

549 

550 

55* 

552 

553 

554 

556 

557 

558 

560 

56. 

j62 

56} 

564 

565 

566 


Square Root. 


22*4722050542 
22'4944437584 . 

22*5166604984 570 
22*5388553392 57* 
22*56102834541 572 
22 -s 8 ji; 958 i 3 ^ 

22*6053091 I 09 

22*6274169980 
22*64050320:8 
22*671 5680475 
22*69361 14358 
22715633^832 
-2*7376340018 I 580 
22759 ^^* 33335 S’^‘ 


— 

5('8 


569 


573 

574 

575 

576 

11577 

578 

579 


582 

5^3 

584 

586 


5'^7 

588 

589 

590 
> 9 * 

592 

593 

594 

595 

596 

597 

598 

599 

600 

601 

602 


22*781571499811 
22*8035085020 
22*82 5 12442 10 

22 - 8473193176 
22*8691932521 
22*891046.845 
22*91 28784748 
22*9346898824 
22*9564805665 
22*9782505862 

23- 0000000000 
^3*0217288664 

^ 3 *‘^ 43437243 ^^ 
23*0651251893 
23*0867927612 
23*1084400166 
23*13006701 24 
23** 516738056 
23.1732604525 

2 ;-t 94 S: 7 O 095 
^j'-!' 63735325 , 

23-2 37900077; ,,603 
22 * 2594066992 ;; 60 1 

23 - 2 SoS 934536 !: 6 o 5 

23 - 30236039551 |(.o 6 

-r 3 + 5 - 3 S“ 59 y|. 
23*366642891 I 
23*388031 1271 
^ 3 ' 409399 <* 2‘4 
- 3 ' 43°7490277 
23-4520787991 

^ 3 ‘ 473 . 3 ** 9>886 

23*4940802489 
22*5159520026 
23 ‘ 53720459‘9 
* 3'5584379788 
25-5796522451 
23*6008474424 
23*6220236220 
23*6431508351 

23 - 6&43191324 

23-6854385647 
23-7065391823 
23-7276210354 
23-748684J741 
23*7697286480 

23*7907545067 


Square Root. 


No. 


1.63 > 

1632 

1633 

1634 
,635 

i 636 
|637 
1638 


567) 23*811 ;6 179^611630 


6-9 

610 

61 1 

612 

^13 

614 

615 

616 

618 

619 

620 

621 

622 

623 

624 
615 

626 

627 

628 

629 


23*8327505756 
23*8537208838 
23.8746727726 
23*8956062907 
23*91652 (4862 
23*9374184072 
23*9582971014 
23 ‘ 979 ‘ 57 ^i^>^„ 
24*0000000000 !! 639 
24 * 0208242989 '! 640 
24 * 0416305603 ' ' 
24*0624188310 
24*0831683962 ! 
24.1039415864, 

2 1*1 246761636 j 
2-1453929353I 
24*1660919472 1 
>4*1867732449;^ 

24 * 2 o; 43 () 8736 | 

24*2280828792 1‘ 
24*2487 1 1 3060 1 

24 *: 69322 i 990 |{ 
24*28991 5'''03o' 

24*3104915623 
24*3310501212 

’r 39 J 59 i 3 “ 3 ^ 
24*3721152139 
24*3926218353 
24*4131112315 
-’ 4 ^ 335 ^ 3445 / 

24*4540385213 
^•47447650^^ 662 
24*4948974278 663 

24*5 3443 !i 664 

24 ., 3 , 68 K 29 .. 8 li 6^5 

2 4 - 5 ,- 6 o; 83 I 56|]666 

24-5 ;f>4i 14549' " 

V 5 y 674775“5 

3 j-- 6 i 7<:.672503 
24-6473699% 
34-6776)60119 

2 -f(> 779 - 535 « 5 ii ^72 

24-6981780705 ,673 


641 

642 

643 

644 

645 

646 

647 

648 

649 

650 

651 

652 

<^53 

654 

<^55 

656 

^>57 

658 

659 

660 

661 


uu 

1667 

i 668 

16691 

'670! 

671 


Square Root. 


25 ‘I' 97»33742 

25*1396101800 

25*1594912508 

25*1793566201 


694 

695 

696 

11^97 


5-199206536711698 
25-2190404258; 
25-2388589282 
25-2586618806 
2 S’ 27 % 93 ' 9 S 
25-2982212813 
25-3179778023^ 
2 S’ 3377 '*’ 9 ‘ 86 : 
^r 3 S 74446^^62 
25 ’ 3 / 7 > 5 ) 0 % 

25 -3968501 084 
2 5-4 16, -300 343 
25*436194684'!) 
-! 5 '- 1 >i^’ 4 i ‘227 

■^ 5 ' 47 S) 7%37 
^ 5 ' 49 S 0973 '^>^= 
25-5-147016443 
25-5342906696 
25-55386 [6784' 

25-5734:370)1;! 

2 )- 59295778 )i 
25-61249693971 
25*63201 I 236') 
25*65151067681 
23-6709953060! 
25-69046515731! 7 
25-7099202644-1 ,24 
25-7293606605 1725 
= 5'74>^;S63792 726 
25-7681974)35,727 


>99 

700 

701 

702 

703 

704 

7^5 

706 

707 

708 

709 

710 
7^1 

7^3 

7 1 1 

716 

717 

71S 
719 
7 20 

721 


Square Root. 


26 ' 343879744'5 
26*3628526529 
26*3818119165 
26-4007575649 
26*4196896272 
26*4386081 328 
26*4573131106 

26 * 4 '- 6 .j 04589 - 

26-4932825990 
26-5141471671 
26*53299^228 
26*5518362947 
26*4706605 1 12 
26*58947 1 6oc6 
26*6082693913 
26*6270539114 
26*64582 51889 
26-664 5S325 19 
26*683328 1283 
26-7020598456 
26*7207784318 
26 ' 739 +**i 9 i 42 
16-7581763205 
26*77685)6780 
26 - 793 ) 2 .'oi 39 
26-8141753556 
26*8328 157300 
26*8;, 14431642 
26*8700^7685 I 

26*8886593 J 95 

26*907.480941 

26-9258240357 

26-94,3871706 

26-9629375254 


5-7875939165 9, 2S;:6-98i475 1 263 


588368063 I676 


24*7184141886 
> 4'7386337537 
i 4'75 . „ . 
-4-7790233867 

24 ' 799 I 935353 

24-8193472920 

4-8394846967 

24-8596057893 

24*8797106092 

24-8997991960 

24*9198715888 

24 ' 9399 * 7 S 267 

24-9599679487 

24- 9799919936 

25 'OOfcOOOOOOO 

25*0199920064 

25*0399680511 

23-0599282723 

25- 0798724080 


i 074 

675 


5 -:i 26975 Son ,:729 
•’ 5 '^ 2 '> 3 - 33'403 : ,-30 
25-8.156959666 1731 
2 5-.%503 13128 1732 
.’5-88435-821 1 1 1 
25-90366769401 
2,-9229627936: 
25 ' 94 - 2 ) 3 ; 4 ’-'| 

25 -( 96 i 50997 I 5 ! 

25-9807621135I 
26*0000000000 


733 

731 

73 ^’ 

73 '-> 

737 

73 ^ 

739 


677126019223662511 740 


678 

679 
63 o 
68] 

682 

683 

684 

685 

686 

687 

II6S8 

689 

690 

691 

692 


25*0998qo796oP 693} 26*3248931622 


74 ^ 

26*057628441 6|! 742 


26*07680962083 
26*0959767014! 
26*1 1 51297144 
26*1342686907 
26*1 53393661 2 
26*172 5046566 
26*1916017074 
26*2106848442 
3 .V 2 ; 9754097 : 

26*2488094968 

26*2678510731 

26*2868788562 

26 * 3058928759 ! 


743 

744 

745 

746 

747 

74S 

749 

750 

751 

75 ^ 

753 

754 


27*0000000000 
27*018512 1722 
I'QyjQi 16692 

27 ' 0 )) 4 y%f 69 

• 7 - 07597274 I 4 

7-09243436S3 
27-1108834235 
27-1:93199325 
27 '‘ 4774392 ‘o 
27-1661554144 
27 '> 84554438 * 
27*2029410175 
27*22 13 151 776 
27-2396769438 
27*2580265409 
27 ' 27'53633940 
27*2946881279 
27-3130005675 
27-3313007374 
2 7 *549 58 8662 4 
27*3678643668 
27-3861278753 
27-4043792121 
27*4226184016 
1*27*4408^54680 
27*4590604355 
27 ' 477 * 633 i 8 i 


7 ;6| 27-4954541^7. 
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^lable of Square Roots, 


No. 


757 

759 

760 

761 

762 

':^3 

766 

76- 

768 

769 


774 

77 -? 

776 

777 

778 

779 

7S0! 


Square Root. 


No. 


z 7-5 136329844 StS 
17-5317997959 819 
27 'S 4995+*'^-79 ^zo 
7-5680975042 821 
27-38622844S3 822 
27-6043474837 323 
27-6224546339 1824 
27 6405499222 ,825 
2763S6333719 1826 
27-676 /’010062 827 

27-6747648383 328 
27-712812921 1 S20 
27-730849247-, 1830 
770:27 7488738510I 831 
77 1 1 2--7668Hr.7,-3Ri 832 

772 | 27 - 7848 S 797 S 9||833 
773127 812877548911834 
2TS208554H65; 835 
27 S,8s: i3r42;'836 

zvS 56776 ; 344 ,;S 37 
27-8747 i9;295!|8 38 
27 - 89265136201:839 
27-9105714739 ; 34 ° 
27 - 928480087 - 18(1 


Sqii.uc Rout. I 


No. 


S4jii.iie Root. 


28*6006993922 18791 ^ 9 ‘<^ 4793 -‘ 174 .^ 
28 6181760425 1880! •’9*66479^94^:4 
iS 6356421 2O6 88 1 I 29*68 16441 59^ 
‘.88 


No. 


2 S- 65309756 ^S 

28*6707423737 

28*6879767756 
28*7054001888 
28*7:28132327 
28*7 |02 1 77264 


Root. 


30-6594194335 

30-6757233004 

30*692018 .,064 

30*70830506^6 
30*7 "4 S' -94 » 5 
30*740852 297(^ 
30*. 5 '^! >’998) 

i°* 7 “.'>^ 6 .) It 69 


781 i 27*9463772270-18 f2 


940 

9 p- 

9*6984848008 I 943 
883' 29*7173159162 : 944 
384129*73213719461 945 
885! 29*7 }H9io5^n3,i 

886 29 * 765772 i 3.’3 , 947 

^ - 9 * 7 S*v}s' 9 ^'\^o. 7 St/v 86 ^ 6 *-' 

28*7776076891 1888 26*7693288515;^ 946ho*8c7.8436t")i5 

28*7749891399 i889j 29*8161030518 , 95JO 30*822o‘-.;ni4S 
28*79^^601978 'Sgoi 29*85:867785^4!! 97r30-S38287h\;o 
‘ ' 29*819623113 ■ 

26 866569^4!') 1 
29*8831077950 
29*899832,755 
29*9165506033 

29 * 933 -S 90 'H*^ 

29*9599582637 
29*966658 1275 
29 -,/l 3 52«70j I 

30 'COO- 1000000 
30*0 1666 203 96 


28*fJo (720 ,818 1891 

28*827-1706108 89: 
28*84 1310 >037 
28-861 7^(05', .,3 ‘893 
.-8-8790(81564 I895 
28*8963667536 I 896 
:B*9I366 j 5896 ' 897 
28 - 93095:2830 1898 

28 - 9382 ; 965;3 |8.;9| 
>8 9654967159 j900 
.•8-98.-7534924 6;01 

2 9 * 00000020 v .0 i 9^2 

.9*0172362571 1903 


953 3 >* 87069 X 0809 

954 30*XX689n4 >30 

955 30*9032i7j^;o.7 
976 30*9192496677 

9791 


27-9b4?.6’9,)l): ’;843 I .-9.03446^2819 |904 
27-98.’ 137 15.)3 :844 29-05167^0927 I905 
28*0000000000 j I'lS I "9’<^^68S837077 '906 
2S'oi 785 14522 (846 j 20*086079 1 447 -|90; 


28*03 5 69 l 7 3 7 8 ; 8 4 7 ! 2 9* 1 03 26 hU ‘ 7 : 9^8 
2 S’oc 3 5202782:1 8481 : 9 -i 204395 57 i ' 909 
2.8 07133768S1 1 > 19 1 376045687 ', 9 *^^ 


960 

961 

962 


28 08914381041,8501 29*154759474 
28*106938645 1 i|85 1 
28*1 247222209‘'87 : 


30*0:13313.^35) 

30 04995840:6 
30*0665927567 
30*0832179130 
3 o* 09 ( 9 S 3388(}6 
30*1 164406928 !| 
30*13304834661 
30*1496268634 ' 
30*1662062581^ |i (971 


782 
7«3 
784 

7 '^S 

7 <8 ' 

7S7 

388 

789 

790 
79 f 

792 ;-^ 8 *i 424947589 , ,853; 29*2061^3-330, 914: ^ 8;9 * 57 , 

793 | 28 *i 6 o 25 768 o 7!:.87 4 | 29*2 232 ;’ 839 ^ 4 ' -yK?! 30 •’ 18(9669245 
794;2S*i78.oo56o72i 8, 7' 29*2)03830344' 9i^\| 3''"*'’65 1919008 ;l (^ 7 
79) i 28*195 74 43593 '8501 2(9 2574776767 ->'7 I )0*28.:6jo78,(95i 978 
796 ‘28*21 347 1 959 ,;; 8 57 :9-2 74562 3366! 9' SI 00*2(9851481 51 'j 979 


91 1 30*18277654561 972 
9 *( 7 I 90429 i 6 ; 9 ^- I 3 ^*> 993 . 3774 ‘ 1 '! 973 
:(9*ip9039O587 , 9131 30*2 1588985(95 ' (771 


797128*231 


t/ ‘ 7)7 1 , I - y - /-ri -~ j .} 

1884270, 1858 1 :9*?9i63703i8^ 919 


798 28*2488(937S37'|859 29*3087017795 /ro 

799 28*2665880502; 800 29*3257565972:19:1 

800 28*2842712475:1861 29*3428015022 '9^“, . 

Sor 28*3019433962 -1862 29*35983651 isj 923 • 30*38091 50619 
802 28*3 1960451 ",o ,863 j 29*376861643 1 1, 9 - 4 j 3'^\397 3^68307 J 
- - - ' ' ' - ■' ' 9-5 30*418^126515 


30*51 501 2';824 i' 
30*3315017762 
30*347(9818110'' 98. 
30*364452901411 (983 


3o*(9S 38667697 

3 I'OOo'OOOf 00 '< 
31*01612483X5 

963 3 1 ‘032 24129X4 

964 31*04854939:5 

965 3 '*^^M'U 9 ^ 38 ^'' 

966 31*0X05405358 

967 31*0966236109 

968 3 I* J 1269X3722' 

969 51*1 >8-;64S325 
9-0 3 '*14 I ^‘-2 300 )8 

3 I •l6( 'XyifjOi 8 
31*17691453,62 
31*192(9479210 

3 i* 2 oX< 9 - 3 f-,oS 7 

9 '; 5 | 3 '‘ 2249 ^' 999 *"^ 

( 776131 * 240 ( 99 X 7056 . 

3 r 2569 (; 92 i 62 | 
51*27:9915422 

3 1 •2X89*^ 56943 

31*3049516X50 

5 I- 3209 I 9526 -, 

31*3368792.20 
. .. , 8 ^• 3 S'"^ 3 ^'"‘I 3 - 
984 31*36X7742827 
985131 * 3 X 470965501 
(986 3 I •4006369302 


9X0 

981 


809 

810 

8 ( 1 

812 

813 

814 


28*3901 391332 ...... . . 

28*4077454227 868 I 29*46183(97253 !'929 

'' 29*478X05(9460! 930 

29-49576240751 93 I 

29-5127091267 ,'932 

29-529646120511953 
29-5465754054; 934 


8-4253 (0.8071 

28 - 4429255067 i ;870 

28-46049894151,871 

28 - 478 o 6 i 75 i 8 j '872 

28 - 4956 i 36976‘|873 

^ 8 - 5151548588:8741 


9-5654909982 ',955 


50-4795015085 
30-49 (90 1 3640; 
30*5 I2292604H I 


9(;ol5:-464265.i45 

991 '51-,. 801524774 
992*31-4960514960 


30-5286750449'! 993 31-51 19025132 


28-5306852354-875 129-5803989155 936 

28 * 3482048472 !j? 76 r 9 ' 59 :*z‘) 7 n 39 ;' 937 

28-56571371428877' Z9'6t4'»57899l 93 » 

28-5832 1 18559', 1878 1 29 63io6478oi;i 939 


30-5450486986 ji 994 
30-5614135799 I 995 
130-5777697028;! 996 


31-5277655409 
31-5436205912 
3 f 7794 (> 76 ', 6 i 


30-5941 170816, 997 13 '■5753068077 


30-6104557300'; 998 
50-626785662211 999 
30*64.:^ ic^ 8(^2 i ,1 1000 


31*5911379974; 
316069612586 
31*6227-; 66017 I 


KPT 1^98] 


. ItOTA, in Mechanics. ‘Sec WuEEt.* 

ftoTA /Iriflotellcaf or JriJlotic*s fVheeU denotes a 
'Celebrated problem in mechanics, concerning the mo^ 
tion or rotation of a wheel about its axis j fo called be- 
caufc llrft noticed by Arlilotle. 

The difficulty is this. While a circle makes a revo- 
lution on its centre, advancing at the fame time in a 
right line along a plane, it deferibes, on that plane, a 
right line uliich is equal to its circumfeicnce. Now if 
this circle, which may be called the deferent, carry 
with it another fmallcr circle, concentric with it, like 
the nave of a coach wheel j then this little circle, or 
nave, will deferibe a line in the time of the revolution, 
which ffiall he equal to that of the large wheel or cir- 
cumference itfelf; becaufe its centre advances in aright 
line as fall as that of the wheel docs, being in reality 
the fame with it 

The folution given by Arlftotle, is no more than a 
good explication of the difficulty. 

Galileo, who next attempted it, has recourfc to an 
infinite number of infinitely little vacuities in the right 
line deferibed by the two circles; and imagines triat 
the little circle never applies its circumference to thole 
vacuities ; but in reality only applies it to a line equal 
to its own circumference ; though it appears to have 
applied it to a much larger. But all this is nothing to 
the purpofe. 

Tacquet will have it, that the little circle, making 
its rotation more flowly than the great one, does on 
that account deferibe a line longer than its own circum- 
fcicnce ; yet without applying any point of its cir- 
cumference to more than one point of its bafe. But 
this is no more fatisfadory than the former. 

After the fruitlcfs attempts of fo many great men, 
M. Dortous dc Mcyran, a French gentleman, had the 
good fortune to hit upon a folution, which he fent to 
the Academy of Sciences ; where being examined by 
MelT. de Louville and Soulmon, appointed for that 
purpofe, they made their report that it was fatisfailory. 
The folution is to this effedl : 

The wheel of a coach Is only adledon, or drawn in a 
right lliK ; its rotation or circular motion arifes purely 
from Uic vefillance of the ground upon which it is aj> 
plied. Now this refillancc is equal to the force which 
draws the wheel in the right line, inafmuch as it de- 
feats tliat diredion ; of confequence the caufes of the 
two motions, the one right and the other ciicular, me 
equal, And hence the wheel deferibes a right line on 
the giound equal to its citcumfercnce. 

As for the nave of the wheel, the cafe ts otherwife. 
It is drawn in a light line by the fame force as the 
wheel ; but it only turns round becaufc the wheel docs 
fo, and can only turn in the fame time with it. Hence 
it follows, that its circular velocity is lefs than that of 
the wheel, in the ratio of the two circumferences ; and 
therefore its circular motion is Icfs than the rc^lllincar 
one. Since then it ncceffiirily deferibes a right line 
equal to that of the wheel, it can only do it partly by 
Aiding, and partly by revolving, the Aiding part being 
more or Icfs as the nave itfelf is fmallcr or larger. See 
CVCLOID. 

ROTATION, RoUitt^i In Mechanics. See Roll- 
dig. 

Rotation, in Geometry,, the circumvolution of a 

7 


furfacc round an immoveable line, called tlie axis cf Ro. 
tation. By fuch Rotation of planes, the' fignu? 
certain regular folids are formed or generated. Such a 9 
a cylinder by the Rotation of a fcdangle, a cone by 
the Rotation of a triangle, a fphere or globe h) th; 
Rotation of a femicirclc, See, 

I'iie method of cubing folids that are generate;] bv 
fuch Rotation, is laid dovvn by Mr. Demoivre, in b;,, 
fpecimen of theufeof the do6lrine of fiuxioii?, Ih!!,;;. 
Tranf. numb. 216 j and indeed by moft of the vnte :' 
on Fluxions. In every fuch folid, all the fetlionr, p . 
pendicular to the axis are circles, and tbercFoie [] c 
fluxion of the folid, at any fcdlion, is equal to tb r 
circle multiplied by the fluxion of the axis. So t! 
if ;r denote an abfcifsof that axis, andy an 01 (hunt ' t i 
it in the revolving plane, which v\ill alfo be the , 
of that circle; then, n being put for 3'i4i6, the 
of the circle is and confequently the fluxion 0; tj ^ 
folid is fiy^x ; the fluent of which \sill be the couteit 
of the folid. 

Such folid may alfo be exprefled in terms of the e/ , -- 
rating plane and its centic of giavlty ; fur the folul . 
always equal to the procludl arifing from the genei.t' . j 
plane multiplied by the path of Its centre of gra\i-'. 
or by the line deferibed by that centre In the KoIwIIkh < 
the plane. And this theorem is geneial,hy whaLcvci kimi 
of motion the plane is moved, in deferibing a lolid. 

Rotation, Revolution^ in Allronomy. See 11 .- 

VOLUTION. 


Rotation. See Diurnal, and Earth. 
ROTONDO, or Rot undo, in Architeduie, a 
popular term for any building that is round both wiili- 
in and withoutfide, whether it be a chuich, hall, a la- 
loon, avellibule, or the like. 

ROUND, Roundness, Rotundity, the property 
of a circle and fphere or globe kc, 

ROWNING (John), an ingenious Englifli mail)"* 
matician and philofopher, was fellow of Magdalen L\ d 
lege, Cambridge, and afterwards Redor of Anderb^ 
in Lincolnfliire, in the gift of that focicty. Hew .i'^ a 
conftant attendant at the meetings of the Spalding So- 
ciety, and was a man of a great philofophicdl halit 
and turn of mind, though of a chcciful and compani- 
onable difpofitlon. He had a good genius for mcclKmiu)! 
contrivances in particular. In 1738 he printed at 
Cambridge, in 8vo, A CompemUQUS Sy/Iem of NiilvrJ 
Pbilojhphyy in 2 vols Svo ; a very ingenious woik, 
which nas gone through fcvcral editions. He had. alio 
two pieces infeitcd in the Philofophlcal Tranfadioi 
viz, I, A Dtfeription of a Barometer wherein the Sculp 
of Variation may be tncreafed at pleafure ; vol. 
pa. 39. And 2, Dlreffion for making a Machh.e 
the Roots of Equations univerftMy, with the 
ner of It ; vol. 60, pa. 24O. — Mr. Rowning d‘^^ 
at his lodgings in Carcy-Ureet near Liucohds 
Fields, the latter end of November 1771, at 7 2 
of age. ^ ^ 

Though a very ingenious and pleafant man, he 
but an unprotriiring and forbidding appearance : be 
tall, ftooping in the Aioulders, aud'^ a fallow du'v\n' 
looking countenance. " ' ^ 

ROYAL O'ai, Rolur m Afirort 'i^y* 

one of the new fouthem conflellations, the ' 

vlitcn, 
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wcerding to Sharp’s catalogue, annexed to 
th.' Britannic, are n. 

RoYAU Society of En^iamU js an academy or body 
of perfons, fuppofed to be eminent for their lenrning, 
^oflituted by king Charles the lid, for promoting na- 
tural kn'^wledgc. 

This once illudrious body originated from an aHem- 
bly ofingenious men, rcfidlng in London, who, lu-ing 
inqnifitive Into natural knowledge, and ihcucwaad ex- 
perimental philofophy, agteed, about the year 1645, 
to meet weekly on a certain day, to difeonrfe upon 
fuJi rubie<^lfi. Thefe meetings, it Is faid, were lug- 
gelled by Mr. Theodore Haak, a native of the Palati- 
nate in Germany; and they were held fometimes at 
Dr. Goddard’s lodgings in Wood-dreet, fo.netimcs at a 
ccroeoient plae'C in Cheapfide, and fometimes in oj: 
iKiii Gtcfham College, ThisaHembly feems lobe that 
fjentioned under the title of the InvijUle, or PhiJo- 
j- hh'cal by Mr. Boyle, in Lome Icttcis wnitteii 

'ii/ 1646 and i^47. About the yeaia 1648 and 1649, 
the company which fotnved thefe meetings, began to 
U ilivided, feme of the gentlemen lemoving to Ox- 
fjul, as Dr. Wallis, and Di. Goddanl, where, in 
eoDj'inaion with other gentlemen, they held meetings 
aho, and brought the lludy of natmal and expeiimen- 
t.il pliilofophy into fafliion there ; meeting full in Dr. 
Vctt)’s loilgings, afterwards at Wilkins’s apart- 
menlt, in Wadham College, and, upon bis removal, in 
t’le lodgings of Mr. Robert Boyle; while thole gen- 
tlemen who remained in London continued their meet- 
ings as before, 'nie greater pait of the Oxford Bo- 
ciety coming to London about the year 16^9, they 
met once or twice a week in Term-time at GreOiam Col- 
le'Lc, till they were dlfpeiCtd by the public diftraifioiw 
of that year, and the place of their meeting was made a 
quarter for foldicr.s. Upon the rtftoration, in 1660, 
their meetings were revived, and attended by many gen- 
tlemen, eminent for their chara6fer and learning. 

They were at length noticed by the government, 
and the king granted them a charter, firft the 15th of 
July 1662, then a more ample one the 2 id of April 
1663, and tliirdly the 8th of April 1669 ; by which 
they were erctlcd into a corporation, conftfing of a 
council^ and fi/lcrws, for promoting natural 
innwJidgef and enducd with various privileges and au- 
thorities. 

Their manner of elefling members is by ballotting ; 
and Iwo-thirds of the membcfs prefent arc nectfrary to 
'-airy the cleftion in favour of the candidate, ihe 
council eonfifts of 2i members, including the prefident, 
vicc-prehdtat^ treafurer, gad two fccretarles ; ten ot 
wliuh go out annually^ and ten new members arc 
elected inftead of them, all chofen on St, Andrew’s 
They had formciiy alfo two curators, whofebu- 
haefs it was to perform experiments before the fo- 
Qtty, 

Bach member, at his admilTion, fubfcTjJres an cn- 
fiagement, that he will endeavour to promote the good 
tlic focicty ; from - wbicK he may be freed at any 
time, hy fignifylnr Jto the prefident tliat he dcfire# to 
'withdraw. ' r 

T he charges ire five guineas paid to the treafurer at 
j oaq fi^ng per week, or .528. per y^ar, 


as long as the perfon continues a membff | or, in Ilea 
of the annual fubfcriptioii, a compofition of 25 guineas 
fn one payment. 

The ordinary meetings of the focirty, are once a 
week, from November till the end of Trinity term tie 
next fiimmer. At Grll, the meeting was from $ 
o’clock till 6 afternoon. Afterwards, their meeting 
was from 6 till 7 In the evening, to allow more time for 
dinner, wliicii continued for a long ieries of ycais, till the 
hour of meeting was remo\ed, by the prefent prcfidcn‘, 
to between 8 and 9 at night, that gentlemen of fafliion, 
as was alleged, might have the opportunity of coining 
to attend the meetings after dinner. 

Their defign is to ** make faithful records of all the 
‘‘ works of nature or art, t'liich come within their 
“ reach; fo that the piefeiit, as well as after ager, 

“ may he enabled to put a mark on cirois which have 
“ been Iheiiglhenod by long prcfcrlption ; to rtllorc 

truths that have been long iiegle^ed ; to piifli ihofe 
“ alieady known to mote vaiions ufes ; to make the 
“ way more pafiable to what remains un revealed, 

To this purpofe they have made a great nnnaber of- 
experiments and obleivations on inofl of the works of 
nature; as cclipfes, cornets, planets, meteors^ mines,, 
plants, earthquakes, inundations, fprings, damps, fires, 
tides, currents, the magnet, &c : rheir motto being 
Nulliusin Ferba. They have reglflered experiments*, 
hiflorics, relations, obleivations, &c, and reduced them, 
into one common (lock. I hey have, from time to time, , 
publiflied fornc of the moll ufcful of thefe, under the 
title of Pliilofopliieal I'ranfaaions, fee. ufually one vo* 
lumc each year, v^’hich were, till lately, very rcfpeaa- 
hie, both for the extent or magnitude of ihenr, and 
for the excellent qiiulity of their contents. The tell*, 
that are not printed, theylay up in their rcgillers. 

They have a good library of books, which has been 
formed, and continually augmenting, by numerous do- 
nations. They liad alio a mufeum of cun'ofities in na- 
ture, kept ill one of the rooms of their own houfe in 
Crane Court Flcet-ftreet, where they held their meet- 
ings, with the grcatcll reputation, for many years* 
keeping regifters of the weather, and making other 
experiments ; for all which purpofes thofc apartments 
were well adapted. But, dlfpollngof thefe .ipartmenU, 
in order to remove into thofe allotted them in Somerfet 
Place, where having neither room nor convenience lor 
fuch purpofes, tlie muCi-um was obliged to bo difpofed 
of, and their ufcful meteorological regiflera difconti- 


mtd for many years. . . 

Sir Godfrey Copley, hart, left 5 guineas to be given . 
mnually to the perfon who Ihonld wute t he 'bell paper 
n the year, under the head of experimental ohilofophy t 
this reward, which is now changed to a gold medal, is 
the higheft honour the focicty can beflow *, and it 18 . 
conferred on bt. Andrew’s day : but the commnnica- 
tions of late' yc-ars liavc been thought of fo I We im- 
portance, that the prize medal remains fomcurttcs for 

years Mmlifpofed of. - ^ • 

Indeed this once very refpeft able focicty, now con. 
filling of a great propoiiion of honorary members, . 
who do not nfually communicate papers ; and many 
foitntific members being difeouraged from making J har 



-R U L E 400 3 - t'Wh 


communications, by wbat Is (Jcemed tbe prefent 
arbitrary government of the focicty ; the annual vo- 
Juincs have in confequence become of much Itfs im- 
portance, both in rel’ped of their bulk and the quiility 
of their contents. 

Royal Soaefy of Scotland. See SoctETY. 

RUDOLPfilNli Tables, a fet of aftronomiol ta- 
bles that were piiblinicd by the ceicbiatcd KcpLi, and 
fo called from tlic cnipeior Rudolph or Ri’dolphui. 

• RULE, "Ibc Ca/f'cntcis, a folding rulci gtiieially 
ufed by ciu'peritera .nul other ailiiiceis ; and h othen\ilc 
called the /]Kling,Rule. 

This inllrument eoiifilh of two equal [)ieces of bo^- 
%vo(^d, e'lcli one toot in length, e('niKdcd togetliei b, 
•a folding joint. One fide oi f.iee, ot the Rule, is 
divided into inchci,, and ha]f-()>i.ii teib, oi eighth*-. On 
the fame face allb me feveial plaiic hales, dixided into 
I 2th parto by diagonal lines ; which aia ufed in pKoi- 
ring dimenhons tlut art taken in teoL and Indies. The 
edge of the Rule is conimonh divided deeimall) , or 
into lotlis; vi/, cadi foot into lo ctjual parl«, and 
fiieh of tliefc Into lO pmts ag.iin, or loV.th pai(.s ot 
the foot ; (o that by means of thislall feale, dinienhonu 
ure taken in feet and tenths and hundreds, and mulii- 
plied together as common dvennal mirubeis, whidi h 
tlic bed way. 

On the one part of the other f.ice are four lines, 
marked A, B, C, D, the two middle ones B and C 
being on a llider, which runs in a gioovc made in the 
dock. The fame numbers ferve lor both thefe two 
middle lines, the one line being above the numbeis, 
and the other below them. 

Thefe four lines arc logarithnile ones, and the three 
A, B, C, which arc all equal to one aiiutlier, aie doable 
lines, as they proceed twice over fioni I to lo. The 
lowed line D is a lingle one, proceeding fiom 4 to 
40. it is alfo called the giil line, from its ufe in 
cadiiig up the contents of trees and timber: and upon 
it are marked WG at 17*15, and AG at i8*9>, the 
v^ine and ale gauge points, to make this iadrument 
feivethc purpofe of a gauging rule. 

Upon the other pait of this face is a table of the 
value of a load, or 50 cubic feet, of timber, at all 
pi ices, from 6 pence to 2s. a foqt. 

When I at the beginning of afty line is accounted 
only I, then the i in the middle Is lO, and the 10 at the 
end 100 ; and when the i at the beginning is accounted 
10, then I in the middle Is 100, and the 10 at the end 
1000 i andfo on. All the fmallcr divifioua being alfo 
altered proportionally. 

By means of this Rule all the ufual operations of 
arithmetic may be cafdy and quickly performed, as 
multiplication, divifion, involution, evolution, finding 
mean proportionals, 3d and 4th proportionals, or the 
Rule of three, &c. Foi* all which, fee my Menfuratioo, 
part 5, fcif^. 3, rd edition. 

Rules 0/ Thdo/ophizin^, Sec Philosophizing, 

Rule, in Arithmetic, denotes a certain mode of 
operation wdth figures to find fums or numbers unknown, 
and to facilitate computations. 

Each Rule in arithmetic has its particular name, ac- 
cording to the ufe for which it is intended. The firll 
|our| which ferve as a foundation of the whole art, are 


called additm^ mldpltMikni and 

fion. 

From thefe arife numerous other Rules, which arc 
indeed only applications of thefe to particular piirpofej 
and occafions; as the RuIe-of«three, or Golden Rule 
or Rule of Proportion ; alfo the Rules of Fcllowf^up^ 
Intcreft, Exchanges, Pofition, ProgrefTions, 

For which, fto each aiticlc feverall), 

RiJLF-rV- r/err, or Rule af Ru, portion, commonly 
called I he G^ddrn RhIs fiom its great ufe, is a Rule that 

teadus how to find a 4th propoilional number to three 

olhos that are given. 

As, if 3 (legiecs of the equator contain 208 mil, s, 
how many aic contained in 360 degrees, or the uhoL* 
circumfeience of the eatth 

The Rule is this : State, or fet the three glventeims 
down in the fcrin oi the fiill thiee terms of a piopui- 
tion, ilaling tliem j'lopoitionally, thus; 

dc^. ini!. deg. miles. 

as 3 ; 2 q3 ; : 360 : 24960 
360 


1 2480 
6:4 

3 )74S8o 


C49O0 

Then muUiplv the 2d ami 3d terms tojetlicr, and d’- 
vide the inouiiet Iv liw ill tcMii, fo Hull tlic <111. uni 
be the 4th term in propuition, or the iinlwei ti; tin 
qiuilion, which iu this CMimple is 2^96001 ma !y 
2, thouland miles, for the eii cum fa cnee oF tli^ 
earth. 

'This rule is ofun confidcrul as of two lo.ah, 
vi/. Difid^ and Invcrfe. 

Rulc-of-'l h} : i Lh'h^, is that In whicli moie^e'iinKA 
moic, or Icfs requires lefs. As in this; it 3 ium. ■ "* 
21 yauls ofg'UiS in a ccitain time, how inueh \ .'U‘ 
men mow in the fame lime I Here more requiic. n ■ u, 
that ib, 6 men, which are moie than 3 men, will <i'. » 
perform more work, in the fame time. Or if it 
thus; if 6 men mow 42 yards, how much w.. 1: 
mow in the fame time ? hcie then lefs rc({uircs h. ' 
3 men w'ill perform pioportionally lefs wuh, ia t’ac' 
fame lime, in both thefe cafes then, the Rule, ci' 
the propoiilon, is diie6t ; and the dating mull be 
thus, as 3 : 21 : ; 6 ; 42, 
or thus, as 6 ; 42 : : 3 : 2 [. 

Rvh-of-Tbree Jnverfe, is when more requues hi*) 
or lefs requires more. As in this; if 3 n cii mou 
certain quantity of grafs in 14 hours, in how 
hours will 6 men mow the like quantity ? UtTC it ' ■ 
evident that 6 men, bein^ more than 3, will pci Lira 
the fame work in lefs time, or fewer hours; hciu-: 
then more requires lefs, and the Rule orquedioa is ■ 
verfe, and mull be Rated by making the number ol niea 
change places, thus, ae6 : 14 : : 3 : 7 hours, the time 
in which 6 men will perform. the work; Rill 
plying the id and 3d terms together, and diwdmg 
by the ift. 

For various abbreviations and” other particulars re- 
, latmg 
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rating to tkft Rul«, fee anjr of the common books of 
irrithmctic. 

RuLE-o/fwf, or Compound R„k.„f,‘]-hrce, is whcie 
two Ruks-uf threc are required to be wtou^bt, or to be 
combined together^ find out the nuinbci^ufrljt 
This Rule may be perfonwd, either by worki./r the 
two ilatiiigs or proportions fcparattly, nuikincr the ro- 
fiilt or^di terin of the ill operation to be the^'id term 
of the lall proportion; or elfc by leducing tl.e tivo 
Ratings into one, by multiplying tlic two tirll terms to- 
gether, and the two third terms together, and ulrn'r 
the produds as the ill and 3d terms of the compound 
lUtmg. As, if the quertion be this: If looL in 2 
^enrs yield yl. iiUerelt, how much will 500I. yield 
in 6 years. Here, the two datings are, 

. 

Then, to work the two datings feparattly, 
as 100:. 9:1500; 45!, 
and 2 : 45 : ; 6 ; 135I. 

fo that 13 5I. is the intered or anlwer fought. But to 
woik by one dating,. it will be thus, ^ 
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It U T 


J CO 
2 


500 

6 


poo : 9 : ; 3000 : 13^!. the anfwer. 
.2*00) 270.00(1351. 

See the books oF arithmetic for more particulars* 
Cenfral Rule, Sec Central Rule. 

Parallei Ruler. See Parallel Ruhr^ 
RUMB, or Kum. See Rhumb. 

RumB'/./W, or Loxodromic. See Rhumb-BW, 


. . - -•'-M.fcvvi.uiv, vi4.ijwiv.y a iu 4 uuer or 

building in imitation of limple or rude nature, rather 
than according to the rules of ait. 

Rustic SeeQuoix. 

Rustic IPork is where the floncs in the face &c of 
a building, inftead of being fmooth, arc hatched or 
•^iCKed with the point of an indrumciit. 


Regular Rustics, are tliofc in which the ftoncs are 
cham^fered off at the edges, and form angular or fquarc 
receflt's of about an inch deep at their jointingfi, or 
beds, and ends. J 8 » 

Rustic Order, Is an order decorated with ruftie 
quoins, or rullie work, &c. 

V ( ruoMAs, 1 ). D.), an ingenious 

Liighlh philolopher, was the fon of the Rcw. Thomas 
Riithcrford, redor of Papvortli Everard in the county 
ot Cambridge, who had made large collcdioiis for the 
hiltory of that county. 

Our author was born the T3ih of Odober 1712, 
He dudied at Cambridge, and became fellow of St. 
John s college, and regius piofdfor of divinity, iu 
that univerfity ; afterwards redor ofShenlicld in EfTex, , 
and of Bariev in Hcrtfoidfhire, and arelulenron of 
Elfex. He died the 5th of Odober 1 77 at cq ycau 
Of age. ' 

fir. RutheifoiJ, bcridt?s a number of theological- 
WTitinga, publiflied, at Cambridge, 

1. Ordo InJlU lit ionum' Phyfic arum ^ * 743 ) in 4to. 

2. A Syjiem of Natund Phifofophy, 111 2 vol9,4^0, 
1748. A woik which has been much elleemcd. 

^ 3. He communicated alfo to the Gentleman’s So- 
ciety at Spalding, a curious corredioii of Plutarch’s 
defeription of the inftrument ufed to renew the Vellal 
fire, as relating to the triangle with which the inltru- 
ment was foimed. It was nothing elfe, it feems, but a 
concave fpccUliim, whofe principal focus, whieh cul- 
leded the rays, is not in the centre of concavity, biit 
at the dillance of half a diameter from its fur face. But 
fomc of the Ancients thought othei wife, as appears from - 
prop. 31 of Euclid’s Catoptrics, 

The writer of his epitaph fays, “ He was eminent 
.^lefs for his piety and integrity, than his extenfive 


RUSTrr in A tor his piety and integrity, than his extenfive 

t nf ^ TSrnfng: and (illcd every pul.lfc (lation in wl.ich ke 

oing in imitation of limple or rude nature* rather wiis n hirf.l with i r 


was placed with general approbation. In private life, 
his behaviour was truly amiable. He was elkemed, be- 
loved, and honoured by his family and friends ; and 
his rleath was fniccrely lamented by all who had ever 
heaid of his well dclerved chai.uflir.’” 
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S IN lionk”! of Nuvipjation, Sc't denotes foiith. So 
^ alfo S. K. i-i loiitli-cail ; S. W. foutli-well ; and 
S, S, E. (o(jtKd<nuh-ead, kc. Sec* Compass. 

SAf^ii r I’A, in Atlronoiny, the Arrow or Darl^ a 
conrtillanon of the iioilhevn iR'mifpliere near the eagle, 
yjid one o: 111048 old allerilnis. The Greeks fay that this 
coiinellation owes its (irigin to one of tlie arrows of 
Heu'ulcs, with which he killed the eagle or vulture that 
gnawed the liver of Pronutheus. 

The liars in this conilcllalion, in the catalogues of 
Ptolomy, Tycho, and lie>felius, are only 5, but in 
Ilamllced’s they aie extended to 18. 

Sap, ITT A, in Geometry, is a term ufedby fome wtl- 
ters for the abfeifs of a euwe. 

Sagitta, in Trigonometry 5 :c, is the fame as 
the v<’rfed fine of an aic'h ; being fo called becaufc 
it is like a dart or arrow, Handing on the chord of the 
aich. 

i)AGITTARIU8, Sagittary, the Archcry one 
of the llgns of the zodiac, being the 9th in order, and 
marked with the character ^ of a dart or arrow* This 
■conHcllation Is drawm in the iigure of a Centaur, or an 
animal half man and half horfe, in the a£l of (hooting 
an arrow from a bow. This figure the Greeks feign 
to be Crotus, the fon of Eupheme, the nurfe of the 
mufes. Among more ancient nations the figure w^as 
piobably meant for a hunter, to denote the hunting 
fcafon, when the fun enters this fign. 

The ftars in this conftelhtion aic, in Ptolomy^s cata- 
logue 31, in Tycho’s 14, in Hevelius^s 2Z, and in the 
Britannic catalogue 69. 

SAILING, in a general fenfe, denotes the move- 
ment by which a vefftl is wafted along the fur(ace of the 
ivatcr, by the adlion of the wind upon her fails. 

Sailing ii| alfo ufed for the art or a<fl of navigating; 
or of determining all the cafes of a fiiip’s motion, by 
means of fca-charts &c. Thcfe charts are condrudled 
cither on the fuppofition that the earth is a large ex- 
tended flat furfacc, whence obtain thofe that are 
called plane charts ; or on the fuppofition that the earth 
JS a fpherc, whence arc derived globular charts. Ac- 
cordingly, Sailing may be diftinguilhed into two general 
kinds, viz, plane Sailing y and gfoluhir Sailing, Some- 
times indeed a third fort is added, viz, fphcroldkal Sail- 
ingy which proceeds upon the fuppofition of the fphe- 
roidical figure of the caith, 

Flane Sailing is that which is performed by means 
of a plane chart ; in which cafe the meridians arc con- 
fidered as parallel lines, the parallels of latitude are at 
right angles to the mci idians, the lengths of the degrees 
on the meridians, equator, and parallels of latitude, are 
every where equal. 


In Plane Sailing, the principal terms and ciiCi.n- 
flances made ufe of, are, courfe, dillance, deparlmc, 
diffeieiice oflalituJc, rhumb, &c ; for as to loug-tuth, 
that has no place in plane Sailing, but belongs prop^ilr 
to globular or fphcrical failing. Eor the explanation ot 
all which teims, fee the rcfpe£livt articles. 

If a (hip fails either due north or fouth, flic fails 
a meridian, licr dillancc and difference of l.itiuule in'* 
the fame, and (he makes no departure ; but where iSi 
(liip fails either due call or well, (he runs on a p.tMll! 
of latitude, making no dKFerence of latitude, and i: i 
departure and diftance are the fame. It may laitlie- 
be ohfervtd, that the departure and dilFercncc of l.iiitude 
always in ike the legs of a right-angled triangle, wholV 
hypotemP'c is the dillancc the (liip has failed ; and tlic 
anglcii aie the coiirfc, its complement, and the light 
angle; theicfore among thcfe four things, courfe, dlf- 
tance, difference of latitude, and departure, any two 
of them being given, the roll may be found by plane 
trigonometry. 

Thus, in the annexed figure, 
fuppofe the circle FHFH to re- 
prefent the Imrizon of the place 
A, from whence a (hip (ails j 
AC the rhumb flie fails upon, 
and C the place arrived at; then 
HH reprefents the parallel of 
latitude (lie failed from, and CC 
the parallel of the latitude ar- 
rived in ; fo that 


AD becomes the dKFerence of latitude. 

DC the departure, 

AC the dillancc failed, 

Z.DAC is the courfe, and 
Z.DCA the comp, of the courfe. 

And all thcfe particulars wdll be alike reprefenU^li 
whether the (hip fails in the NE, or NW, or Sh? 
SW quarter of the horizon. 

From the fame figure, in which 

AE or AF or AH reprefents the rad. of the ta j 
EB the fine of the courfe, 

AB the cofine of the couifc, 
we may eafily deduce all the proportions or canons, 
they are ufually called by mariners, that can 
Plane Sailing ; bccaufe the triangles ADC and i 
and AFG are evidently fimilar, Thefe 
are exhibited in the following Table, which con 1 ^ 

6 cafes, according to the varieties of the two 
can be given. 


C 
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Cafe. 

Givtn. 

Requiied 

Solutions. 

I 

Z.A and AC, 
i. e. courfc and 
diflance. 

AO aiul DC, 

1. e. difference 
of latitude and 
departure. 

AK : AB : : AC : AD, i. e. 
i.id. : f. coutfe : : dill. : dif. lat. 

AK : KB ; : ACl : DC, I.e. 
uul. : cof. courfc ; : dill. : d«.pait. 

2 

2I.A and AD, 
i. c. couife and 
difference of 
latitude. 

AC and DC, 
i. e, ddlance 
and departuie. 

AB : AK ; : AD : AC, i. c. 
cof. com-. : lad. ; : dif. lat. ; dill. 

AB *. BE :: AD : l^C, i. c. 
cof.cour.: r.cour. : : <iil. lat. ;dep. 

3 

,^A and DC, 
i. c. Com fc and 
departuie. 

AC and AD, 
i. e. dillance 
and dlllerencc 
of latitude. 

liK : AK : : DC ; AC, i. c. 

f. ciiiir. ; Kill. : : iKpjit. : dill. 
hE : AB DC : Al), i. c. 

f. coin, u'of.cour. : : di p. : dif.Lit. 

4 

AC and AD, 
i, c. diflance 
and difhicnce 
of latitude. 

1 

/.A and DC, 
i. e. cowrie and 
departuie. 

AC : AD :: AK : AB, I.e. 

dill. : dit.lat. ; ; rad. : cof. cuuife. 

AK : E 13 : : AC : DC, i. e. 
rad. : f, comfe : : dill. ; depart. 

S 

AC and DC, 
i. c, dillance 
and departure. 

/L A ami AD, 
i. e. com fc and 
difference of 
latitude. 

AC : DC : : AK ; Ell, i. e. 
did. *. dcp. : : lad. ; f. coiirfe. 
AK : AB : ; AC t AD, i. e. 
rad. : col. coiir. : : dill. : dif, lat. 

6 

AD and DC, 
i. c. dlffcrente 
of latitude and 
departure. 

4 A and AC, 
i. c. courfc and 
diflance. 

Al) *. DC : : AF ; KG, i.e. 
dif.lat.tdep. :: rad.: tang.couifc. 
BK : AK : : DC : AC, i. e. 
f. cour. : rad. : : dcp, ; dill. 


For the ready working of any fiiigle cduife, there 13 
a table, called a Traverfe TMc^ ulually annexed to 
treat ifes of navigation ; wliich is fo coni lived, that by 
finding the given conrfe in it, and a diliancc not ex- 
eteding 100 or laotniles, the ufual extent of the table; 
then the difference of latitude and the departure are had 
hy iiifpedion. And the fame table will ferve for greater 
♦Hlhnces, by doubling, or trebling, or cpiadrupling, 3 cc, 
or taking proportional parts. See Travi RSfc "la'k. 

An ex. to the firft cafe may fuflice to fliew the ni< tliod. 
Ihui, A fhip from the latitude 47^ 30' N, has fiilid 
bW by S 98 miles ; required the departure made, and 
the latitude arrived in. 

1. By the Truverfe Table, In the column of the 
oourfc, viz 3 points, againft the diflance 98, .Mnds 
the number ^4-, ‘ ' 

miles for the difl. , 
being taken from l.., 
for the lat. come to. 

^ 2. By Co njlrudiott. Draw the me*- 
I'dian AD ; and drawing an arc, with 
the chord of 60, make FQj>r angle A 
tqual to 3 points; through Q^draw 
the diftance AOE = 98 miles, and 
trough E the departure ED perp. to 
AD. Then, by meafuring, the diff. of 
AD meafures about 81 ^ miles, and 
lac departure D£ about 54 J miles^ 


3 points, againlt the diJtance 90, .;ana3 
S4‘45 tniles for the departure, ai.d 
: diff. of lat. ; which is 1° 21^^ ; and this 
from the given lat. 47° 30', haves 46° 8 1 



3. By Conipuiatiufti 

Firll, as ta<!Ius lO’OCOoO 

t-o lin. courfc 33° 45' • - - 9*74474 

fo dift. 98 1*99123 


to depart. v|‘45 - - ■ - »*73i97 


Again, as ladius - - - - . to'ooooo 

to c')r. courfc 9’9>9^5 

fo dill. 9« 


to dllT. of lat. 87-48 - -- 1*91108 


4. By CiiutcCs UcaL, I'hc extent from radius, or 
8 points, to 3 points, on the line fS line rhumbs, ap- 
plied to the line ofnunihcrs, will reich from 98 to 54|' 
the departure 2\nd the extent from 8 points to 5 
points, of the rh!ln1b^, lencims ftom 98 t(; 81^ on the 
line of numbers, for the ■ iffererce of latitude. 

And in like inanuer for other iahs. 

Truvetfi. Sailing, 01 Compound C jttrps^ is the uniting 
of fevcral cafes of plane f.iliug to.^ether into one ; as 
when a fhip fails in a zigzag manntr, certain diftanccs- 
upon rc\cral diflerent courfes, to find the whole differ- 
ence of lai'tudc and (icparruic made gtKd on all of them. 
This is dune by workir'> ail the cabs feparatcly, by 
means of the traverfe tabic, and conllruftiiig the figure 
as in this example. 

3 F z. At 
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Ex, A (hip failing from a place in latitude 24*^ 31' 
N, has run five diffcient courfes and ditlances, as let 
down ill the ill’and 2d columns of the following' traverfe 
table; required her prefent latitude, witli the departure, 
and tin* dlre<^ courfc and dilhnce, between the place 
failed from, and the place come to. 



TraVif/e Table, 



Colufi'S. j 

Dill. 

N i 

1 

i s 

1 

j 

1 

SWbS 

45 


2^-0 

i 

' .r '4 

KSE ! 


1 

1 i 9 'i 

46'2 


SW 

1 


21*2 j 


21*2; 

SE b E 



iVi 

49'9 


S\V b s ■ \V 1 

63 


50 -f. ] 

1 





”1 

149*2 

96' ■ 1 

96-1 


Here, by finding, in the fjencral travciTe table, the 
diffeiMice uf lilitude and departuic aniwenuft to e.uli 
coinTe and dillanec, they arc fet down on the iant lines 
with each courfc, and in their proper columns of noilh- 
inp;, fouthiiig, c:i(lin-r, or wcflin;^*, «accoidlnt( to tlic 
cjuartcr of the compafs the (hip (ails in, at each ccnule. 
As here, there is no uorthin^y, the dilferenccs of lati- 
tude aie all (biuhwaid, alio two dcpaitin\8 arc call- 
»w.ud, and ihiec arc welt waul. Then, addino- up the 
numbers in each column, the fum of the eallinps ap- 
pears to be exadly equal to the fum of the vve(lim»<, 
confcc|ueniiy the (liip is anived in the fame meridian, 
without tnaltinj^ any departure ; and the fouthlngs, 
or dilferenee of latitude being /49’2 miles or minutes, 

that is 2® 29', 

which taken from • - 24 32 , the latitude dep. trom, 


leaves 22 3 N, the latitude come to. 


To Conflru^ this Traverfe, 

With the chord of 60 degrees 
defciibc the chclc N 135 S 
&c, and quarter it by the two 
perpendicular diameters; then 
from S fet upon It the feveral 
couifcs, to tne points marked 
1, 2, 3, 4, 5, through which 
pointsdraw lines fromtbecen- 
tre A, or conceive them to be 
drawn 1 laftly, upon the firll 
line lay off the (irfl diftance 4J 
from A to B, alfo draw BC =: 

30 and parallel to A 2, and 
CD = 30 parallel to A 3, and 
DE = 60 parallel to A 4, and 
EF a= 65, parallel to A 5 ; then it Is found that the point 
^ F fallsexadlly upon the meridian NAF produced, thereby 
(hewing that there is no departure ; and by meafuring 
AF, it gives 149 miles for thediifercncc oflalitude. 
Oblique Sailing, is the refolution of certain cafes 
and problems in Sailing by oblique triangles, or ia which 
•bhque triangles arc concerned. 


In this kind of Sailing, it may be ohferved, that tn 
fet an objedt means to ob(er^e what rhumb w point of 
the nautical compafs is dlred^d to it And the bearin^^ 
of an obj^'d is the rhumb on v\hieh It is Icen ; alfo the 
bearing of one place from another, is reckoned by 
the name of the rhumb pafling througli thole two 
places. 

In every’ figure relating to any cafe of plane Sailing, 
the bearing of a line, not rmining from tlic centre ol tlio 
circle or horizon, is found by drauip.g a line pmallel to 
it, fiom the icntre, and towaids the fame qu utcr, 

Kx. A (hip failing at fca, obfeued a point of laml 
to hcMr E by ; and then after (ailing i\E 12 mihs, 
its bearing was found to be SE by E. Required tftc 
place of tlidt point, and its dillanec fiom ilie Ihip at the 
lail obfcrvati<m. 





Cr^frutTv.n. Draw the meridian line and, 

affuming A for tlie firfi place of tliC (liip, (haw AC the 
E by S »huinb, and AB the NE one, upon which lav 
off 12 miles from A to B ; then draw' tlic uuiid'an BT 
parallel to NS, from which fet off the vSE by \i i-oiiit 
BC, and the point C will be the place of the land le* 
qulred ; then the diftance BC meafurcs 26 mih ’. 

Ey Computation, Here are given the (idc AB, an 1 
the two angles A and B, viz, the ^ A := 5 points or 
56° ic'f and the Z.B = 9 points or loi® 15'; coiiIl* 
qucutly the /,C = 2 points or 22° 30", TIwh, by 
plane tiigonometry, 

^ As fin. 4 C 22® 30' - - - - 9'5'8284 

Tofin Z.B 56 15 - - - - 9*919^5 

So is AB 12 miles - - - - 1-07918 


To BC 26-073 miles • - - - 1*41619 


Sailing to WimInvarJy is working the (hip towards 
that quarter of the compafs from whence the wind 
blows. 

FUr rightly nnderftanding this part of navigation, it 
will be iieceffary to explain the terms that occur in itj 
though mod of them may be feen in their pro^xr places 
in this work. 

When the wind is dircAIy, or paitly, againlt a (li p 
direct courfe for the place (he is bound to, (lie reaches 
her port by a kind of zigzag or z like courfe ; which 
is made by failing with the wind firft on one fide of the 
(liip, and then on the other fide. 

In a (liip, when you look tovvards the head, 

Starboard denotes the right hand fide. . , 

* Lai hard 





z 



S A I 


[ 405 3 


S A I 


Larhcar^ the left hand iide, 

ForvjardSf or afore ^ is towards the head. 

4/?, or ahafty is towards the (Ian. 

The lignifics athwart or aciofs tl\c middle of 
the Oiip. 

When afhipfailsthe fame way that the wind blows. Hie 
is faid to fail or run before the wind ; and the wind is faid 
to be ri^ht aftt or right of ern; and her comfc is tlicn 16 
points, orthefartheilpolhble, from rhe wind, that isfiom 
the pointtlie wind blows from. — When the Ihip fails with 
the wind blowing dire£lly acrofs her, Htc is faid to lia\c 
the -d'lrJ on the beam; and her courfe is 8 points fiom the 
w iiul. — When the wind blows oblicjuely aerofs the Ihip, 
the wind is faid to be aloft the beam when it pinfnes 
}iei, or blows more on the hiiuler j art, but before the 
/c on wlien it meets or oppofe-s her courfe, her comlV 
being more than 8 points from the wind in the foimer 
cafe, but lefs tlian 8 points in tlie latter cafe. — When a 
fl.ip eiuleavours to fail towards tint point of the contpafs 
fioni which the wind blow^, flic is faid toyT/r/w/ a 
or to ply to a'r/jif/wrrrr/.— And a vclftl fading a? near as 
flu can to the point ftom which the wind blows, flie is 
I rd to be clofc hauled. Moil fliips will lie within about 
0 [lonits of the wind; b it (loops, and fomc other vefkis, 
will he much nearer. To knowhow neai tlie wind a 
fhip will lie ; obferve the couife die goer, on each tack, 
when ihe is clufe hauled ; then half the number of points 
iKtueen the two couifes, will fliew how neat the wind 
the ihip will lie. 

The fivirubivarif or weather fde^, is that fide of the 
fhip on which the wind blows; and the other fide is 
cilled the leeward^ or tee fdc.-^Tcch ixnd feels are 
large ropes fallened to the lower corners of the fore and 
main fails ; by which cither of thefc comers is hauled 
foic or alt. — When a fhip fails on a wind, the windward 
tncks are always hauled forwards, and the leeward flicets 
alt. — The Jhrboeird tacks arc aboard^ wlien the (larboaid 
fide is to windward, and the larboard fide to leeward. 
And the larboard tacks are aboard^ when the Iniboard 
fide is to windward, and the ftarboard to leeward. 

d'he mod common cafes in turning to windward may 
be ('ondnicled by the following precepts. Having 
drawn a circle with the chord of bo®, for the compafs, 
or the iiorizon of the place, quarter it by drawing the 
meildian and parallel of latitude perpendicular to each 
other, and both through the centre ; mark the place of 
the wind in the circumference j draw the rhumb paffing 
thrungli the place bound to, and lay on it, from the 
euurc, the dillance of that place. Hn each fide ol the 
Ind lay off, in the circumference, the points or dcgi i es 
dewing how near the wind the fliip can lie ; and draw 
tliefe rhumbs,— “Now the firft courfe will be on one of 
thefe rhumbs, according to the tack the Ihip leads with. 
I^raw aline through the place bound to, paiallcl to the 
'>thcr rhumb, and meeting the fu ll ; and this will fhov 
the courfe and diflance on the otlur tack. 

■^^v. [’he wind being at north, and a ihip bound to 
^ port 2V nriles dirce.lly to windward; beginning wlili 
the (larboard tacks, what mull be the courfe and dillance 
each of two lacks to reach the port ? 

CouJlruSion* Having drawn the circle &c, as above 
deferibed, where A is the port, AP and A(^ the 
two rhumbs, each withiu 6 points of AN; in NA 


produced take A 6 25 

miles, then li is the place 
of the fliip; diaw BC paral- 
lel to AP, and meeting QgV 
produced in C ; io lliall BO 
cUid CA he the diltanccs on 
tlic two t ickj. ; the former 
being VVNW, and tlic latter 
JiNl*. 

Compitla'.on. 

Hctc ,<1 n = NAP rr: b points, 
and /.A nz NAt^t-. (> puinli, 
iIku f. Z.C ; points. 

8 ) that all the angles au* idvcii, and the fnic AP., to 

find the otliei two tides AC and JK\ whiLh are equal 

to each othei , bccuife their oppolite angles A and 15 

.liciqual. lit ace 

as fin. C : AB : ; fin, A : BC, 

i. e. s. 4^^^ : 2^- c : s. .;o'« 3:5 BC or AC, tlir 

d.llance to be inn on each tack. 

bAiLlNti /'// Currents^ is the method of detenniiiiiig 
the true courfe and ilillaiicc of a ihip when her own 
motion is aflcAcd and combined witli that of a..niieiit. 

A curnra or tiile is a progieflive motion of the wnter^ 
caufing all floating bodies to move that way touauls 
which the lire on is diiedcd. — Tlie feUirg of a tnii, or 
ennent, is that point ol the compuls towards whieii the 
waters run ; and the drift of the cun cut is the lalc at 
which it runs per hour, 

'Phe diilt and felting of the moll remarkable tide# 
and currents, are pretty well known ; but for unknown 
currents, the ufual way to find the drift and fetting, ii 
thus : Let three or four men take .a boat a little wav 
from the fliip; and by a rope, fallened to the boat's 
flcni, let down a heavy iron pot, or loaded kettle, into 
the fea, tothc depth of 80 or loofatliouH, when 11 can 
be done: by which means the boat will nde aliiioll &% 
fleady as at anchor. Then heave the log, and the 
number of knots inn out in half a minute will give the 
cniTcni’s rate, or the miles which it inns pei hour; and 
the bearing of the log (hews the felting of the ennent. 

A body moving in a current, may be conlidcrcd in 
three cafes: viz, 

1. Moving witli the current, or the fame way it 
fets, 

2. Moving againil it, or the confraiy way it fets. 

3. Moving obliquely to the eurrent’s morion. 

In the ill cafe, or when a fliip fails wu'th a current^ 
its velocity will lie equal to tin fiim of its proper motion, 
and llic current's drift. But in the 2d cafe, or when a 
fliij) fiils againil a rnrrent, its velocity w ill be equal to 
the difR.rencc of lier own riifition and tlie drift of the 
ennent: fo that if ihc ennent diives fliimger than the 
wind, the fliip will drive aflei n, or lofe way. In the 
3d cafe, when the current fets obliqUe to the courfe of 
the fliip, hev real courfe, or that made good, will be 
fomewhere betw'ccn that in whu h the fhip eudcavoins 
logo, and the track in wliicli the emrent tries to drive 
her ; and indeed it will always be along tlie din^rial of 
a paralltlogiam, of wliicli one fide reprefents the fliip’3 
courfe fet, and the other adjoining fide is the currcnt’i 
di ifu 

Thiiy^ 
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Thu?, if-ABDC he a parallelo- 
gram. Now ii the wlud alone would 
drive tile fi :p from A lo C in the 
fame lime :.8 the current alone would 
drive hr’* from A to C : tlien, as 
llie wind ntither helps nor hindeis 
the /hip from coming towards tlie 
line CD, the cm rent will bring her theic in tl e fame 
time <is if tlie \\iiid did not aCt. And as ihc cunei.t 
Bei'ihcr helps 2i(m hinders the /hip fiom coming towaids 
tiic line BI), tiie wind will biing her there in the Cme 
time as if fl.t currerit did not aiit. Thcreioje tlie flip 
mud, at the end (d' tl;:it time, he found in both tludo 
Jiiicbf tlint is, in their meeting D. C'()n/t.qtu'iiily the 
/liip muft have paffed from A to D in the diagonal 
AD. 

Hence, di owing tlic rhumbs for the proper couife c^f 
the /hip and of the cm rent, and letting thcdiOances o/F 
upon them, according to the quantity run by eacli in 
the given time ; then forming a paralUlogiarn of theic 
two, and di awing its diagonal, this will be the real 
comfe and dillance made good by the /hip. 

/u- I. A fliip fails E. 5 miles an hour, in a tide 
felting the fame way 4 miles an hour: required the 
fhip’s com fc, and the dillance made good. 

The fliip^s motion is 5m. E. 

The cut rent’s motion is 4 m. E. 

Theref. the (hip’s run is 9 m. E. 

ii.r. 2. A /hip fails SSW. with a bri/k gale, at the 
rate of 9 miles an hour, in a current fetting NNE. 2 
miles an hour : required the (hip’s courfe, and the 
dillance made good. 

Tlie fliip’s motion is SSW. 9ra. 

The current’s motion is NNE. 2111. 


Theref. (hip’s true run is SSW. 7 m. 


JEjt. 3. A fhip running fouth at the rate of ^ miles 
an liour^ in lo hours cro/Tes a current, which all that 
time was felting call at the rate of 3 miles an hour : re- 
quired the (hip’s true courfe anddlftance faiIccL 

Here the (hip is fii ll fuppofed to 
be at A, her imaginary courfe is 
along the line AB, which is drawn 
foutn, and equal to 50 miles, the run 
in 10 hours; then draw BC call, and 
equal to 30 miles, the run of the 
cm rent In 10 hours. Then the Ihip 
is found at C, and her true path is 
in the line AC s= 58*3 1 hcrdiftance, 
and her courfe is the angle at A = 

30® cS" from the fouth towards the eaft. 

GkbularS AiLJNQ is the cllimatingthe (hip’s motion 
and run upon principtes derived from the globular ligure 
of. the earth, viz, her courfe, dillance^ and| difference 
of latitude and longitude. 

The principles of this method arc explainj^ under 
the articles RnuMB'/i/if, 'MercaiQt^ Chart, and Mh- 
jiipioHAL Paris I which fee. 

Globukr Sailing, in thd extendve fenfe here applkd 


to the term, comprehends ParallH Saillrg, JIf? V/i*7a/;, 
iu(Je Saihv^i and Mm&torU Sailw^ ; to wh.ch tnay 
be added CimJar or CreaUirde Qf 

each of whieh it may be proper here to give a biitf 
acccunt, 

Parallel S41LINC is the art of finding vi'hat dillance 
a lliip fliould run due ea/l or vvefl, in failing fjom the 
mcildian of one place to that of another place in arv 
p.iullcl of latitude, * ^ 

The computations in parallel failing depend on the 
following rule ; 

As ladius, 

To eoline of the Lit. of any parallel ; 

So arc the miles of lung, bt^tween any two meildijn?, 
To the di'l. of thefe meridians In that parallel. 

Alfo, for any two lutiludes, 

As the cofme of one latitiuie, 

Is lo the colinc of another latitude ; 

8') is aguen mctidiuiiHl dill, in the i(l parallel, 

To the like meiidional did. in the 2 d parallel. 

Hciice, counting 60 nautical miles to each degree of 
longitude, or on the ccpiator; then, b} the lint ril: 
the mitr.bt r of miles in each degree on the other paralleli-, 
will come out as lu the following table. 



Tid/e of 

id Mini D'tjlanefs, 

Lat. 

Miles. 


Lat 

Miles. 

L.at. 

j Miles. 

1 

59’99 


3 ^ 

51*43 

61 

29-09 

2 

5996 


32 

50*88 

62 

28*] 7 

3 

59*92 


33 

50-32 

63 

27-24 

4 

5985 


34 

49*74 

64 

26*30 

5 

5977 


35 

49 *H 

65 

25-36 

6 

59-67 


36 

48-51 

66 

24-41 

7 

59's6 


37 

47*92 

67 

23-4+ 

8 

5942 


3 » 

47*28 

68 

22*48 

9 

59'j6 


39 

46*63 

6q 

21*50 

10 

59’09 


40 

45-96 

70 

20*^2 

1 1 

58-89 


41 

45-28 

71 

_ '9-53 

12 

58-69 


42 

44*59 

72T|iH*54 

^3 1 

58-4* 


43 

43-^8 

73 

17*54 

14 1 

58’22 


44 

43-16 

74 

16-54 

*5 i 

57'95 


45 

4 ^ ’4 3 

75 

i 5*>3 

16 

57-67 


46 

41*68 

76 

1451 

17 

S 7’38 


47 

4092 

77 

13-50 

18 

5706 


4 « 

40*15 

7 « 

12*48 

»9 

56-73 


49 i 

39*36 

79 

11*45 

20 

56-38 


50 1 

38‘57 

80 

10*42 

21 

56*01 


1 

37-76 

81 

9-38 

22 

5563 


52 I 

36-94 

82 

«‘ 3 ) 


55*23 


53 i 

36-11 

83 


H 

S+-8I 


54 

35-'»7 

84 

6*28 


54-38 


55 

34-41 

8f 

5-:3 

26 

53‘93 


56 

33-55 

86 

4* 18 

27 

5346 


57 

3268 

87 

3 *H 

28 

52-97 


58 

31-79 

88 

2*09 

29 

5 J '47 


59 

30-90 

89 

1*05 

30. 

51-96 


60 

30-00 

90 

0*00 
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Sec another table of ,thi3 kiivd, allowing 69 tV 
EngliOi miles to oue degree, under the article 

GREE. 

To find the meridional diftanec to any number of 
minutes between any of the whole degr.*t‘s in the table, 
as for Iiillancc in the parallel of 48° :(/; take out the 
tabular dillances for the two whole degrees belweci 
Wiiich the paiallel or the (Kid minute:- he, as lor 48^' 
and ^9*^ ; fubtradt tbe one fiorn the otiur, arul t.ike the 
proportional put ot the remainder fur tbe odd niniule 
b) multiplying it by tliofe minutes, and dividing by 
60; and lallly, fubtrac^t tin's proportional p:ut from 
tlw gi eater tabular number. Thus, 

Lat. 48® - - 40* 1 5 

Lat. 49. - - 39*36 

As Co' : 26' : : 0*79 rcm. : 0.34 

26 



60 ) 20’54 

o'34 pro, pint 

Taken from - 40* for lat. 48* 

Leaves mevid. did. 39' 81 fur lat. 48® 26' 


Then as 35*6 : 60 ; : 236 : 397*7, the difF, of long, 
the fame as before. 

il/h/./Zt-Aj/z/ui/c- Sailjno, is a method of rcfolvlng 
the cafes of globular tSailing by iiwans of the middle 
latitude between the I ititiule depaited fiom, and that 
come to. I'his method is not quite atcmale, being 
only an appioximalion to tiic ttutli, and it makes utc 
of tlie piiiuiples of plane Sailing and parallel Sailing 
conjointly. 

Tile method is founded on the fiipnofition that tlic 
d«-parujrc is reckoneil as a meildiunal dillance In that 
latitude whicli is a middle parallel between ll.e latitude 
failed fiom, and the latitude come to. And the metliod 
i‘. not quite aecurate, becaufe the arithmetical mean, or 
half film of tlic cofines of two dlllant bililudes, is not 
ix-idly the cotine of the middle latitude, or half the 
lurn of lliofe latitudes ; iioi is tlic dcpiutuic betvveeii 
two places, ou an oblique ihumb, cipuil to the miri- 
dional dillance iu tlic middle latitude; as is urefumed in 
thIsmelluKi. Yet when the parallilsare near l!ie equa- 
tor, or near to each other, in any latitude, the cnor is 
not coulidciahle. 

Tl is method feems to liave been invented on nccoiinl 
of the cafy manner iu which the fevei-il cafes may be 
refolved by the lia\eij‘e table, and when u table of 
meuidion.d parts is wanting. Ihc coniputaiions depend 
on the follows ng rules : 

1. Take half the fiim, or the arithmetical mean, of 
the two given latitudes, for the middle latitude. Then, 


And, in like manner, by tlic counter operation, to 
find wliat latitude anfwers to a given meridional dillance. 
As, for ex. in what latitude 46’oB miles aiifwcr to a 
degree of longitude. 

I'lom 46*63 for 39® from 46*63 for 39® 

Take 4, '*96 for 40® take 46 ’Oif given number. 

Then as o 67 ; 60' : : 

— Co 

67) 3300 

49' pro. part. 

Therefore the latitude fought is 39® 49'. 

3 Given the latitude and meridional didance ; 
find the correfponding difference of longitude. As, 
a fhip, in latntude ^3® 36', and longitude 10° J 8 
fail due weft 236 miles ; required her prcfciit lon- 
gitude. 

Here, by the firll rule, 

As cof. lat, 33° 36" comp, 0*22664 
l"o radius • 90 oo - - 10*00000 

•So merid.dlfl, 236 m, - 2*37291 

Todlff.long. 397'7 • • 2-59955 

jits 60th gives 6*^ 38 

Aakcn from lo i8 E. long, from 

Leaves - . j 40 E. long, come to. 

the falU ^ t}»c length of a degree on the parallel 
^ 53 ® 36 *i 8 35'*6. 


2. As cofme of middle latitude, 

Js to the radius ; 

60 Is the depaiiurc, 

To the difF. of longitude. And, 

3, As cofinc of middle latitude, 

Is to the tangent of the coiiiTc ; 

So is the dificieiicc of latitude, 

1 o the difference of longitude. 

U' vcator*i Sailing, Is the art of rcToIving the fc- 
veraJ cafes of globular Sailing, by plane iiigonometiy, 
with theafTiflaiicc of.a table of met iiiioual jinrts, or of 
logarithmic tangents. And the compLilatioiib arc per- 
formed by the followin'; lulcs: 

1. As meridional diff. lat. 

To diff. of longitude; 

So is the radius, 

1 o tangent of the courfe. 

2. As (he proper diff lat. 

To the departure ; 

So is m’erid. diff. lat. 

To diff. of longitude. 

3. As diff. log. tang, half colatituJe^ 

To tang, of 51®38 'o9"; 

Sols a given diff. longimdc*, 

To tangent of the cour.'e. 

The manner of working with the meridional parU 
and logarithmic tangents, will appear from the two fol- 
lowing cafes. 

I. Given the latitudes of two places \ to find tbtir 
merididnal difference of latitude. * 

By the AUriJ* Parts. When the places are both oft 

“ ‘ the 
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faftw-liJe »of the cquntorj ukc the difference of the 
meridional parts anfwcring lo each btitude ; but when 
thepbees are on oppofitc tides of the equator, take the 
film of the fame parts, for the meridional diflercucc of 
latitude foup^^ht. 

By ihc Lq^, Tangents, In the former cafe, take the 
diflVrtncc of the long, tangents of the half cohii- 
tudea ; but in the latter cafe, take the fum of the 
fame ; then the faiJ difference or fum divided by 
12 63, will g'rvc the meridional difference of latitude 
fought. 

2. Given the latitude of one place, and the meri- 
dional difference of latitude between that and another 
place ; to find the latitude of this latter place. 

By the Mend. Parts, When the places have like 
names, take the fum of the merid. parts of the given 
l.it. and the given diff. ; but lake the difference between 
the fame when they have unlike names ; then the refult, 
being found in the table of meridional parts, will give 
the latitude fought. 

By the f,og, Tangents, Multiply the given meri- 
dional diff. of lat. by 12*63 » former cafe 

fubtradt the produdffrom the log. tangent of the given 
half coUuitude, but in the latter cafe add them j then 
feek the degrees and minutes anfwering to the re- 
fult among the log, tangents, and thefe degrees, &c. 
doubled will be the cclatitude fought. 

Circular Sailing, or Grcai-ctnle Sailing, is the 
art of finding what places a fliip mull go through, and 
what comfes to fleer, that her track may be in the arc 
of a great circle on the globe, or nearly fo, pafling 
through the place failed from and the place bound to. 

This method of Sailing has been propofed, bccaufe 
the fhortell diftance between two places on the fphcie, 
is an arc of a great circle intercepted between them, 
and not the fpiral rhumb paffing through them, unlefs 
when tliat rhumb coincides with a great circle, which 
can only be on u meridian, or on the equator. 

As the folutions of the cafes in Mercator’s Sailing 
arc performed by plane triangles, In this method of 
Sailing they arc refolved by means of fpbeiical tri- 
angles. A great variety of cafes might be here pro- 
pofed, but thofc that are the mofl ufcful, and moll: 
commonly occur, pertain to the following problem, 

P.'.hLm I. Given the latitudes and longitudes of 
tv 0 places on the earth ; to find tlicir itearcll diflaiKC 
on the furface, together with the-angles of pofiiiou 
from either place to the othci;. 

This problem comprehends 6 cafes. 

Cafe I. When the two places, lie under the fame 
meridian; then their difference of'lfitilude will give 
their diftance, and the pofrtion of one from the other 
will be direii^ly north and fouth. 

Cafe 2. When the two places lie under the equator f 
their diftaitce is equal to their difference of longitude, 
and the angle of pofillon is a right angle, orthccourfc 
from one lo the other ii due cart or weft. 

Cafe 5, When both places arc in the fame parallel of 
latitude. £x. gr* The places both, in 37^ north,bot 
the longitude of the one 25^ weft, and of the other 
>16^23' waft. ’ ;/ 

Let P denote the north pole, and A and B the 
two places on the fame parallel BOA, alfo BIA 
therr diftKhcc afunder, or the arc of a gnrat circle 


pafling through them. Then 
is fhe angle A or B that of 
polition, and the angle BPA 
=2= 51^^ 13' the difference of 
longitude, and the fide PA or 
PB = 53*^ the colatitude. 

Draw PI perp. to A 13 , or 
bifeding the angle at P. 

Then in the triangle API, 
right-angled at I, are given 
the hypotenufe AP == 53°, and the aAgle API 
25° 41^30^^; to find the angle of pofition A or 
B 73® and the half diftance AI = 20® 
jj'I ; this doubled gives 40° 3P for the whole diftance 
Ab, or 2431 nautical miles, which is 31 miles Icfs 
than the diftance along ADB, or by paiallel Sail- 
ing. 

Cafe 4, When one place has latitude, and the other 
has none, oris under the equator. For example, fup- 
pofe the Ifland of St. l^honias, lat. o^, and long. 
1° 0' eaft,' and Port St. Julian, in lat. 4^^ 51' foiith, 
and long. 65° 10' weft. 

Port St. Julian, lat. 48® S. - long. 65® lO'W. 

Iffe St. Thomas - o 00 • - - - i 00 B 


Julian’s colat. 41 09 Diff. long. 66 10 



Hence, if S denote the fouth 
pole, A the Kle St. 'riiomas at 
the equator, and B St. Julian ; 
then in the triangle are given 
SA a quadrant or 90*^, BS 
r: 41® C) the cohu, of St. Ju- 
lian, and the 4 S = 66® 10^ 
the dif, of lonjgitude ; to find 
Ali = 74® 35 = 4475 miles, 
whicli is Icfs by 57 miles than 
the diftance found by Mcrcator^s 
Sailing ; alfo the angle of pofition at A = 51^22^, and 
the angle of pofition B = 108® 24'. 

Cafe 5. When the two given places are both on the 
fame fide of the equator ; for example the Lizard, and 
the liland of Bermudas. 

The Lizard, lat, 49® 57 - long. 5® 21' W, 
Bermudas, 32 35 N. - 63 32 W. 

58 



Here, if P be the north pole, 

L the Lizard, and B Bermudas ; 
there are given, 

PL = 40° 03 'colat. of the Lizard, 

PB = 57 25 colat. of Bermudas^ 

/.P = 58 1 1 diff. of longitude p 
to find BL = 45® 44 2744 

miles the dkbnce, and 
Z. of pofition B = 49® if, alfo 
Z. of pofition L =5 ^® 31'. 

Cafe 6. When th.e given places lie on different f»de* 

of the equator-, as fuppofe Bl. Bermud^^* 
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PB = $7^ 25' polar dift. Ber- 
mudas, 

PH = 105 55 polar dift. St. N 

Helena, 

Z.P r= n 43 diff. longj. 

'To find BH — 73® ib'zr. 4406 
miles, tlic diftance, alfo the angle 
i)f polition H = 48° o', and the 
angle t)f pufition B 121^ 59'. ^ 

Fiom the fohitions of the f<»re- TI 

going cales it appears, that to fail 
on ilie arc of a great circle, the fltip rnnfl continiuillv 
akrr her courle ; but tins i ■ a dilhoulty too great to 
be a Imitted into the piaMjce of navig itit'O, it has been 
thought fufTic iently exad to ilfeit this buiindj l)v a 
kind of approximation, tint is, by a method vvloeh 
nearly approaches to the failing on a gieit code: 
innidy, nj)on this piinciple, that m Imall an s, tlie 
di'leience bttween the arc and its chord or tangent is 



lo iaiall, that they may be taken for one anotlier m any 
nuiiedl operations: and accoidmglv it is liippole*) tint 
tlie gieat circles on tlie eaah are made up ot fiiott 
right lines, each of which is a fegment of a ihond) 
line On this fuppofition the folution of the following 
pio})lem is deduced. 

Prolhm II. Having given the latitudes and longi- 
tudes of the places failed from and bound lo ; to find 
the lucccfTtve latitudes on the arc of a great ciiclc in 
thofe places where the alteration in longitude fliall be a 
given quantity ; together with the courfesand diilanccs 
between thofe places. 

1. Find the angle of pofition at each place, and 
their dill anco, by one of the preceding cafes. 

2. Find the greateil latitude the great ciicle runs 
tlnougli, i, e, find the perpendicular horn the pole to 
that circle ; and alfo find the fcveral anfflcs at the pole, 
made by the given alterations of longitude between 
this per|)cndicular and the fucceflive meridians come to. 

3. With this perpendicular and the polar angles 
ftverally, find as many corrcfpondiiig latitudes, by 
fa)ing, as radius : tang, greateil lal. : : cof, ill polar 
®”gle : tang, ill lat. : : cof. ad polar angle : tang, of 
2d lat. Ac, 


4. Having now the fevcral latitudes pafTcd througlj, 
nnd the differeiicc of longitude between each, then by 
Meicator's Sailing find thccourfes and dillantes between 
thofe latitudes. And thefe arc the Itveral courks and 


dillances the fhip mull run, to keep ncaily on the arc 
^f a great circle. 

Ihe finallcr the altcratioP'. in longitude a e taken, 
the neaier will this method ajipioaeli to the truth ; hut 
tt IS fulTicient to compute to every s degrees of dit- 
ferenceof longitude ; as the lengtli of an arc ol 3 de- 
grees differs from its chord, or tangent, only by 0*002. 

The track of a fhip, when thus directed nearly in 
Bje arc of a great circle, may he delineated on the 
Mercator’s chart, by marking on it, liy iiclp of the 
latitudes and longitudes, the lucccdTivc places wlieie tlie 
mip is to alter her comfe ; then thofe places or poinis, 
I by right lines, will fiiew the path along 

which the (hip is to fail, under the propolcd c ncuin- 

‘lances. 


On the fubjeft of thefe articles, fee RobcrtfoiFs kle- 

Wfntaof Navigation, vol. 2. 

^OL, II. 


SpheroiJ'ciil flATLT>iG, is computing the cafes of navi- 
gation on the luppolirion or principlesof the fpheroidi- 
cal figure of theeaith. Bee Robertfon’s Navigation, 
vol. 2, b. 8. fea. S\ 

Sailing, in nmot.- confined jonfe^ is the nrt of con- 
duaiiig a fiiip fioai pUte to place, by the working ov 
haiulling of her .ind riuUler. 

To bring Sjihng to culain rules, M. Re lulu com- 
putes the force of the u .lit r, ug.ilnll the Ihipks rudder, 
Hem, niid fide; and the furi'e of tlie wind .igaiiill her 
fails. In ordti to this, he full coulidiri all Iluiel 
bodies, as the air, witer, as comp >ltd of little 
partieles, W’iiicli when they aa upon, 01 move againll 
any fuilaee, do all nun’c patallol to ouc aiuither, 01 
lliike againll tiie furfice alter the lame manner. Se- 
condly, that the motion of anybody, witli regard lo 
the fni face it Iblkct, mull he cither pet pendicular, pj- 
r.allel, or oblique. 

From thefe princii>lcs he computer, that the force 
of the air or water, llnkmti perptMuiiciilaily upon a fail 
or rudder, is to the force of ihe lame linking obli([udy, 
in the duplicate ratio of ladlus to the fine of the angle 
of incidence ; and confequcntly that all oblique forces 
of the wind againll the lails, or of the water againll 
the rudder, will be to one another in the duplicate ratio 
of the lines of the angles of incidence. 

Such arc the concliilions from theory ; but it is very 
different in real piadlicc, or experiments, as appears 
from tlie tables of experiments mfciled at the article 
Rl SIS FANCK. 

Failher, when the different dcgiccs of velocity arc 
confidered, it is alfo found that the forces are as the 
kpiarcs of the velocities of the moving air or water 
nearly ; that is, a wind that blows twice as fwift, ai 
another, will have 4 times the force upon the fail ; 
and wlien 3 times as fwift, 9 limes tlie force, &c. And 
it being alfo ind’ffcK'iit, whether we confider the mo- 
tion of a folid m a liuiii at icll, or of the fluid agalnft; 
the Iblid at rcfl ; the reciprocal imjircffions being always 
the fame; ifa lolui he moved with different velocities in 
the fame fluid matter, as water, the different relillancci 
which it will receive liorn that water, will be it* the 
fame piopcution as the fipiares of the velocities of the 
moving body. 

He then applio' thefe principles to the motions of a 
fliip, both foi wards and lidew'ays, thtoiigh the water, 
whin ihe wind, with certain velocities, flrikes the faili 
in \aiions nolitious. Afier this, the author proccedi 
to dernoiidtalc, that the hefl. pofition or fituallon of a 
flrq), lo as (he may make the leall lee-way, or fide 
m<-!ioM. but go to wiiuiw'ard as much as polfible, is 
ih" : that, let the fail have what lituation It will, lha 
flup he always In a line blfeetirig the ctiruplement of 
the wind’s angle of inciduicc upon tlie fail. That is, 
fnj)})or.ig tile- fail in the pf)- 
litu-n and the wind bloA’- 
ing fiom A lo B, and conlc- 
qnently the angle of the w'ind’s 
iiiciderce on the fa, I is ABC, 
the eoinplemeiit of \/liich is 
CBF : then mufl the Ihip be 
put in the pofition 13 R, or 
move in the hue BL, bife£ling 
the 1. CllL. 
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Hp jhewi farther, that the angle whicK the fail 
ought to make with the wind, i. e. the angle ABC, 
ought to be but 24 degrees ; that being the moli 
advantageous fituation to go to windward the moll pof- 
fible. 

To this might be added many curious particulars 
from Borelli de Vi PercufTionis, concerning the diffe- 
rent dire^liona given to a veffel by the rudder, W'heu 
failing with a wind, or floating without fails in a cur- 
rent : in the former cafe, the head of the fljip always 
coming to the rudder, and in the latter always flying 
off from it ; as alfo from Euler, Bougua*, and Juan, 
who have all written learnedly on this fubjed. 

SALIANT, in Fortification, is faid of an angle 
that projeds its point outwasds ; in oppofition to a re- 
entering angle, wlilcli has Its point turned in waids. 
Infiances of both kinds of thefc we have in tcnaillcs 
and ftar-works. 

SALON, or Saloon, in Arcbltefture, a grand, 
lofty, fpaclous fort of hall, vaulted at top, and iilually 
comprehending two ftoiice, with two ranges of win- 
dows. It is fornctitnes built fquaic, fonKtiinC' round 
or oval, fometimes odagonal, as at Marly, and fome- 
times in other forms. 

SAP, or Sapp, in Building, as to fap a wall, &c, 
is to dig out the ground from beneath it, fo as to bring 
it down all at once for want of fupport. 

Sap, in the Military Art, denotes a work cairicd on 
under cover of gabions and fafciiits on the flank, and 
mantlets or filmed gabions on the front, to gain the 
defeent of a ditch, or the like. 

It is performed by digging a deep trench, defeend- 
ipg by Heps from top to bottom, under a corridor, 
carrying it as far as the bottom of the ditch, when 
that is dry ; or as far as the furfaceof the water, when 
Wet. 

-SfVROS, in Chronology, a period of 223 lunar 
months. The etymology of the word is faid to be 
Chaldean, fignifying rellitution, or retmn of eclipfes; 
that is, conjiin<?lion3 of the fun and moon in nearly the 
fame place of the ecliptic. The Saros was a cycle 
iike to that of M,eto. 

SARR.‘\S 1 N, or Sarrazin, in Foitification, a 
kind of port-cullis, otherwife called a heifc, which 
is hung with ropes over the gate of a town or fortrefs, 
to be let fall in cafe of a fiirpiife. 

-SATELLITES, in Afironomy, are certain fecon- 
dary planets, moving round the other planets, as the 
moon docs round the eaith. They are fo called be* 
caufc always found attending them, from riling to 
{ettlog, and making the tour about the fun together 
with them. 

The words moon and Satellite arc fometimes ufed 
indliFcrently : thus we fay, either Jupiter^s moons, or 
Jupiter’s Satellites ; but ufually we diftinguilh, rellrain- 
ing the term moon to the earth's attendant, and apply- 
ing the term Satellite to the little moons more recently 
difeovered about Jupiter, Saturn, and the Georgian 
planet, by the afliltancc of the tclcfco^e, which is nc- 
ccfliiry to reBd(;r them viflble. 


The Satellites move round tbclr primary planclf, as 
their centres, by the fame laws as thofe primary ones do 
round their centre the fun j viz, in fuch manner that, 
in the Satellites of the fame planet, the fquares of the 
periodic times are proportional to the cubes of their 
diftances from the primary planet. For the phyfical 
caufc of their motions, fee Gravity. Sec alfo Pla- 
nets. 

We know not of any Satellites befide thofe above 
mentioned i what other dlfcoveries may be made by 
farther improvements in telcfcopes, time only can bring 
.to light. 

Sati:llitks of Jupiter^ There are are four little 
moons, or fccoiidaiy ))lanct8 now known performing 
their evolutions about Jupiter, as that planet does about 
the iSun. 

Simon Marius, mathematician of the clcdlor of 
Biandcuburg, about the end of November^ 1609, ob- 
ferved three little liars moving round Jupiter's body, 
and proceeding along with him ; and in January 1610, 
he foimd a 4th. In January 1610 Galileo alfo obrerv\J 
the fame in Iliilv, and in the fame year publilhcd his 
obiervations. Thele Satellites were alfo obferved in 
the fame month of January 1710, by Thomas Hairiot, 
tlie celebrated antlior of a work upon algebra, and who 
made confiant obfcrvatlons of tlicfe Satellites, from 
that time till the 26th of February i6rz ; as appeals 
by his cuiious ailionomtcal papers, lately difeovered by 
Dr. Zaeh, at the feat of tlie earl of Egremont, at 
Petworth in Su flex. 

One Antony Maria Schyrlaeus di Rcita, a capuchin 
of Cologne, imagined that, bclidcs the four known 
Satellites of Jupiter, he had dilcovered five more, on 
December 29, 1642. But the obfervation being com- 
municated to Gaflendus, who had obferved Jupiter on 
tlic fame day, he foon perceived that the monk had 
mirtaken five fixed flurs, in the cflulion of the water of 
Aquarius, marked in Tycho’s catalogue 24, 25, 2h, 
27, 28, fi)r Satellites of Jupiter. 

When Jupiter comes into a line between any of In# 
Satellites and the fun, the Satellite difappeai-s, being 
then rclipfeJy or involved in his fliadow. — When the 
Satellite goes behind the body of Jupiter, withrefped 
to an obferver on tire earth, it is then faid to be oc- 
cultedy being hid from our fight by his body, whether 
in his fhadow or not. — And when the Satellite comes 
into a polilion between Jupiter and the Sun, it calls a 
fliadow upon the face of that planet, which we fee 
an obfciire round fpot. — And lafily, when the Satellite 
comes into a line between Jupiter and us, it is faid to 
tnuijit the dife of the planet, upon which it appears as 
,1 round black fpot. 

The periods or revolutions of lupitcr’s Satellites, 
are found out from their conjundlions with that planet; 
after the fame manner, as thofe of the primary planets 
arc difeovered from their oppofitions to the fun. An 
their dillances from the body of Jupiter, are meamre 
by a micrometer, andeilimated in femidiameters of that 
planet, and thence in miles. 

By the lateft and moft exaft obfemtions, 
dical times and diftances of thefe Satellites, and t 
angles under which their orbits are feen from the cart > 
at Its mean diftance from Jupiter, ?irc as below : 
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Satellites ^Jupiter. 

Siltel. 

lacs. 


Diftanres i 1 


Periodic Times. 

i)emidia- 

metcrs. 

Miles. 

Angles of 
O.bit- 

1 

id i8'‘ 27' 34^'' 
3 >3 *3 4 ^ 

7 3 42 3 ^ 

16 16 32 c 

5 !- 

9 iV 

' 4 i‘i 

•’ 5 iV 

266.000 

423.000 

676.000 
iii^'9,ooo 

)' ’ 

6 14 

9 5 « 

I'j 50 


The cclipfes of the SntclJi'tos, cfpecfally of thofc of 
Jupiter, are of very great ufe in artronomv. Fiirt,in 
c’etci mining pretty exactly (he diftance of Jupiter fiom 
the eaith. A fcoond advantage Hill more confiderablc, 
which is draw'n from thefc cclipfes, is the ptoof uhich 
they give of the progreflive motion of light. It is 
demonarated hy tlicfe edipfci, that light does not 
come to us in an inftant, as the Cartefians pretended, 
although its motion is extremely rapid. For if the 
motion of light WTre infinite, or came to ns in an in- 
Ihint, it 18 evident that W'c flionld fee the comnicfice- 
ment of an cclipfe of a Satellite at the fame moment, at 
vvluittver diftance we might be from It; but, on the 
contrary, if light move progrelfivcly, then it is as evi- 
dent, that the farther we are from a planet,* the later 
we fhall be in feeing the moment of its cclipfe, becaufc 
the hght^ will take up a longer time in arriving at us ; 
and fo it is found ill fa^ to happen, the eclipfes of thefe 
Satellites appearing always later and later than the true 
computed limes, as the earth removes farther and far- 
tiler from the planet. When Jupiter and the earth arc 
at their ncareff diflance, being in conjiyiifllon both on 
the fame fide of the fun, then the cclipfes are feen to 
happen the fooneft ; and when the fnu Is diredly be- 
tween Jupiter and the earth, they arc at their greateft 
<hllance afnnder, the diflance being more than before by 
Ihc whole diameter of the earth’s annual orbit, or hy 
double the earth’s diflance from the fun, then the cclipfes 
are feen to happen the latell of any, and later than before 
y a quarter of an hour. Hence therefore it follows 
tnat light takes up a qiiarterof an hour in ti ivellmgacrufs 
the orbit of the earth, or near 8 minutts in pafilng from 
t e fun to the earth ; which gives ns about i 2 midionj 
of miles pci minute, or 200, occ miles per fccond, for 

At A difeovtn’ lliat was firil made 

h M. Roemer. 

The third and greateft advantage dcn'vrd from the 
Jpes of the Satellites is the knowledge of the lon- 
Kl^tudes of places on the earth. Snppofc tuo obfir^crs 
^ cclipfe, the one,‘ for example, at liondon, the 
at the Canaries; it isceitain that the cclipfe will 
appear at the fame moment to both obftivtrs; but ns 
cy arc fituated under different meridians, they count 
juerent howrs, being perhaps 9 o’clock to the one, 
cn It ig only 8 to the other; by which obfervatiens 
fi j time of the ecllpfe, on commimic.alion, they 

p the difference of their longitudes to be one hour in 
fTOe, which anfwcrs to 15 degrees of longitude. 
ATEtLirtt of Saturn ^ arc 7 little ferondaty pla- 
revolving ^bout him. 


^ One of tliem, which till lately wn reckoicd the 4th 
in order from Saturn, waa difcovcixd by Huygens, the 
25th of March 1655, by means of a tclcfcope feet 
long ; and the id, ad, 3d, and 51 li, at different times, 
by Cafiini ; viz, the 31)1 in Ocluber 167 r, by a tclc- 
fcope of 17 feet ; the 3d in Decetiibcr 1672, hy a tc- 
lefeope of Campani’s, 35 feet long ; and the di d and 
fccond in March 1684, by help of Campani’a glaffcs, 
of ICO and 136 feet. Finally, the 6th and 7th Sa- 
tellites have laitly been dlfcovered by Or, Hcifehcl, 
with his 40 feet refltrting telcfcope, viz, the 6th 
on the 19th of Augnd i'87, and the 7th on the 
lyth of btplember 1788. 'Fliefe two he has called 
the 6th and 71 h Satellites, though they arc nearer to 
the planet Satin n than any of the former live, that 
the names or niimhers of thefe might not be midaketi 
or confounded, with regard to former obfervations of 
thtm. 

Moreover, the great didance between the 4ih and 
Sth Satellite, gave occafion to Huygens to fufpedf that 
there might be fome intermediate one, or clfe that the 
^th might have fomc othci Satellite moving round it, as 
itscentie. Dr Halley, in the Philof. Tranf. (numb. 

1 45, or Abr. vol. i, pa. 371 ) gives a corredfion of the 
theory of the motions of ilic 4th or Huygcnian SateU 
lite. Its tiiie period he makes i H 22’' 41' 6'’'. 

The periodical revolutions, and didanees of thefc Sa- 
tellites from the body of Satuin, expreffed in fcmidia- 
meters of that planet, and in miles, arc as follow. 


Satellites o/Saturn. 

Satel- 

lites. 

Period?. 

l)i 

Scinidi. 
.imctci s. 

ftancci in 

Miles. 

Diam. of 
Orint. 

I 

P' ? 18' 27" 


170,000 

1' 27* 

2 

2 17 41 22 

j;- 

2 1 7,000 

I 52 

3 

4 12 25 JZ 

8 

303,000 

z 36 

4 

I) 22 41 

18 

704,000 

0 18 

? 179 7 48 01 

54 

L:, 050, 000 

n 4 

1 

» ^ 5.3 0 


1 35,000 

1 14 

JJ .. 

0 Z 2 40 46 1 

0 s 

/f 

1(^7,000 

0 57 


The four firft deferibe ellipfeslikc to tliofe of the ring, 
and ..le in the lame phnic. 'riieir iiK:]i!i.ni(;n to the 
C' lipllc is fiom 30 to 3 { (ItgucH. ’idle 51I1 ileferilH'^an 
mbit .nclined fioni 17 to iS degrees wiili the mbit of 
Sit MU ; bis plane l)ing betv\eeii the ecliptic and thofc 
of tfie other .S.Uellilc?, Si<'. ]Ir. Herlchfl obfcrves 
t.hat the 5th .Satellite luin8 once lonnd its axis cx* 
atl^tly in the time in i%bi(,!j it i evolvis nboiit the planet 
Saturn ; in whirh rtlptrt it rcbrnbii s uur mwn, wJiicli 
doc3 the fame thing. And he makes the angle of its 
dill. nice from Saturn, at bis mean dillance, ly' 2'', 
Philof. Tranf. 1792, pa. 2?. See a long account of 
obfeivations of ihefe o.vt'llitcs, with tables of tbcif 
mean motions, by Dr, Hcrkl.cl, Philof. Tranf. 1700, 
pa. 427 ^'c. 

Sa rEM.iTF'i Ccotfum or llerfhfly are 

two 111 lie mooiiS that revolve about him, like tliofr of 

3 ^ ^ Jupiter 
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Tupher and Saturn* Thcfe Satellites were dlfcovcred 
by Dr. Hcrfchel, iu the month of January 1787, who 
gave an account of them in the Philof. Tranf. of that 
year, pa. 125 &c ; and a ftill farther account of them 
in the vol. for 1788,- pa. 364 &c ; from which it 
appears that their fy nodical periods, and angular dif- 
tanccs from their primary, are as follow : 


Satellite. 

Periods. 

Dift. 

1 

gd 1 / jg/l 

i 0' 33" 

2 

13 u 5 It 

1 0 44 . 


The orbits of thefe Satellites are nearly perpendicu- 
lar to the ecliptic ; and in magnbude they are probably 
not lefs than thofc of Jupiter. 

Satlllite Venus. Caflini thought he favv one, 
ami Mr. Short and other aflronomers have fufpefted the 
fame thing. (Illft.de I'Acad. 1741, Philof. Tranf. 
numb. 4159). But the many fruitlefs fearches that have 
been fince made to difeover it, leave room to fufpeft 
that it has been only an optical illufion, formed by the 
ghifTes of telcfcopesj as appears to be the opinion of 
F. Hell, at the end of his Ephemeris for 1766, and 
Bofcovich, in his 5th Optical Dilfcitation. 

Neither has It been difeovered that either of the 
other planets Mars and Mercury have any Sitellltes re- 
volving about them. 

SATURDAY, the 7th or laft day of the week, fo 
called, as fome liave fuppofed, from the idol Sealer, 
worlhipptd on this day by the ancient Saxons, and 
thought to be the fame as the Saturn of the Latins. In 
aftronomy, every day of the week is denoted by fome 
one of the planets, and this day is marked with the 
planet Saturn. Saturday anlwers to the Jcvvifti 
fabbath. 

SATURN, one of the primary planets, being the 
6th in order of diftance fiom the fun, and the outermoft 
of all, except the Georgian planet, or Herfchcl, lately 
difeovered ; and is marked with the charadfter tp , de- 
noting an old man fupporting himfelf with a daft, re- 
prefenting the aucicnr god Satinn, 

Saturn Ihines with but a ftcble light, partly on ac- 
count of his great diftance, and partly fiom its dull red 
colour. This planet is perhaps one of the moft cn- 
gagiug ob|c6\s that allronomy ofters to our view ; it is 
furn inidtd with a double ring, one without the other, 
and btyond thcfe by 7 Satellites, all in the plane of the 
rings ; the rings and planets being all dark and denfe 
bodies, like Saturn himfelf, thefe bodies calling their^ 
(Tiadows mutually one upon another; though the re- 
llciKd light of the rings is ufually brighter than that of 
the pl.inct Itfclf. 

Saturn has alfo certain obfeure zones, or belts, ap- 
pearing at timis aerofs his dlle, like thofc of Jupiter, 
which are changeable, and aie probably obfeurations in 
his altnofpliere. Dr Herfchcl, Philof. Tranf. 1790, 
fticws that Saturn has a denfe aimofpherc ; that he 
revolves about an axis, which is perpendicular to the 
plane of the rings ; that his figure is, like the other 
planets, the oldate fpheroid, being flatted at the 
poles, the polar diameter being to the equatorial one 


as 10 to I T j that his ring has a motion of rotation ii> 
its own plane, its axis of motion being the fame as that 
of Saturn himfelf, and its periodical time equal to 
10^ 32^ Ring, and Satellite. 

Concerning the difeovery of the ring and figure of 
Saturn ; we find tliat Galileo firft perceived that hii 
figure is not round : but Huygens Ihewed, in his Syf. 
tema Saturniana 1659, that this was owing to the po. 
fitions of his ring ; for his fpheroidical form could only 
be feen by HerfehePs telefcope ; though Indeed Caflini,^ 
in an obfervatlon made June 19, 1692, faw the oval fi- 
gure of Saturn's ftiadow upon his ring. 

Mr. Biigge dttermines (Philof. Tranf. 1787, pa. 42) 
tlie heliocentric longitude of Saturn's defeending node 
to be 9* 21° 5 ' ; and that the planet was in that 

node Auguftil, 1784, at 18^ io‘ lo", time at Co- 
penhagen. 

The annual period of Saturn about the fun, is 
10759 7 hours, or almoft 30 yeais ; and his did. 

meter is about 6 /coo miles, or near 8^ times the dia- 
meter of the earth ; alfo his diftance is about (){ tlincs 
that of the earth. Hence fome have concluded tlidi 
his light and heat arc entirely unfit for rational Inhahi- 
tants. But that their light is not fo weak as we ima- 
mne, is evident from tluir brightiicfs in the night time, 
Belides, allowing the fun's light to be 45000 times as 
ftrong, with icfpeift to us, as the light of the moon 
vheii full, the fun will afford 500 times as much light 
to Satuin as the full moon does to us, and 1600 
as much to Jupiter, bo that thefe two planets, even 
witliout any moon, would be much more euh'ditened 
than we at fi'-ft imagine ; and by having fo many, tluy 
may be very comfortable places of rclidtiice. Their 
heat, fofaras it depends on the force^of the fun’s rays, 
is certainly much Ids than ours ; to which no doubt 
the bodies of their inhabitants are as well adapted as 
ours are to the feafons we enjoy. And if it be conli* 
dered that Jupiter never has any winter, even at ins 
poles, which piobably is alfo the cafe with Saturn, the 
cold cannot be fo intenfe on thefe two planets as is ge- 
nerally imagined. To this may be added, that tlnrc 
may be fomething In the nature of their mould warmer 
than in that of our earth ; and we find tliat all cur 
heat docs not depend on the rays of the fun ; for if it 
did, we fhould always have the lame months equally hot 
or cold at their annual return, which is very far from 
being the cafe. 

Sec the ariiclee Planet, Period, Ring, Satil- 

LIT E. 

SAUCISSE, in Aitillery, a long tiain of powder 
inclofed in a roll or pipe of pitched cloth, and lome- 
times of leather, about 2 inches in diameter ; fcivnig 
to fet fire to mines or cailfons. It is ufually placed m 
a wooden pipe, called an auget, to prevent its growing 
damp, ^ 

Saucisson, in Fortification, a kiad of faggot, mace 
of thick branches of trees, or of the trunks ot ftitubs) 
bound together; for the purpofe of covering the nwn# 
and to ferve as epauletnents; and alfo to repair breachts, 
ftop pnifdgcs, make traverfes over a wet ditch, 

The Sauciftbn differs from the fafcinc, which is omv 
made of fmall branches ; and by its being bound at 
both ends, and in the middle. 

SAVILLE (bir Hlney), a very learned Enghh»- 
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man, the fecond fon of Henry Savllle, Efq. wa« born 
at Bradley, near Halifax, in Yorkfhire, November the 
30th, 1549- wa8 entered of Merton-colWe, Ox- 
ford, in 1561, where betook the dejrrcea in arts, and 
was chofen fellow. When he proceeded madcr of arts 
in I ^ 70, he read for that degree on the Almngeft of 
Ptolomy, which procured him the reputation of a man 
eminently Ikilled in mathematics and the Greek lan- 
guage ; in the former of which he voluntarily read a 
public le(^ture in tlie univcrfity for fome time. 

In 1 5*; 8 he travelled into France and other countries ; 
where, diligently Improving himfelf in all ufeful learn- 
ing, in languages, and the knowledge of the woi Id, he 
became a moil accomplilhed gentleman. At his retiii n, 
he was made tutor in the Greek tongue to <]uecn Eliza- 
beth, who had a great tlleem and liking for him. 

In 1585 he was made waiden of Mcrton-college, 
\\hich licgoveined fjx-and-thirty years with great ho- 
nour, and improved it \jy all the means in hu power. — 
In 1596 lie was chofen provoh of Eton-college ; which 
he filled with many learned men —lames the Firll, 
upon his accefnou to the crown of England, expreded 
a great regard for him, and would have preferrul him 
cither in church or Hate ; but Savllle declined it, and 
only ac<'erted the ceiemony of knighthood from the 
king at Wiridfor in 1604, His only fon Henry dying 
about that time, he thenceforth devoted his foi time to 
the promoting of learning. Among other things, in 
ibiy, he founded, in the univerfity of Oxford, two 
lec hiies, or profeflbrfhips, one in geometry, the other 
in altronoiny ; which he endowed with a falary of 160I. 
a year each, hefides a legacy of < ool. to purchafe more 
lands for the lame ufe. He alfo furnlfhed a lil>rary 
with mathematical books near the mathematical fthoed, 
for the ufe of his profefTors ; and ^ave tool, to the 
mathematical chefl of his own appointifig: adding af- 
terwards a legacy of 40I. a year to the fame cheli, to 
the univerfity, and to his profeffors jointly. He like- 
wife gave 1 20I. towards the new-building of the fchools, 
btfidc feveral rare maiiufcripts and piinted hooks to the 
Bodleian library ; and a good quantity of Gitek types 
to the printing-picfs at Oxford, 

After a life thus fpent in the cncourngement and 
promotion of fcience and literature in geiieial, he died 

hton-eollege the 191I1 of February ibzj, in the 
73J year of lijs age, and was buried in the ^chapel 
there. On this occtdlon, the univerfity of Oxford 
paid him the greatdt honou rs, by having a public 
pccch and verlcs made in his praife, whith were puh- 
iHicd foon after in qto, under tiie title of Uhima Litica 
iiuvilii. 

As to the chara^Ier of Saville, the liighe-ft enco- 
iniums are beftoweil on him by all the learned of his 
Jime ; by Cafaubon, Mercerus, Mcibomiii'?, jofcpli 
cahger, and efpecially the learned biftu-p Montague ; 
^ in his Diatrlba upon Selden’s Hifloiy of I’ythes, 
i‘yles him, “ that magazine of learning, whole me- 
I'l^ry (hall be lionourablt among ft not only the learned, 
ut the righteous for ever.*’ 

tievcral noble inftances of his munificence to the* re- 
1C of letters have already been inentioiitd : m the 
J^'count of hit jJiibiications many more, ami even 
greater, will appear. Thcfc are, * 

Hifioriet of Cormitut Tacilmyand 


/A# £i/e of j^gricola ; with Notes upon them, in foKo, 
dcoicated to Queen Elizabeth, Ij8i. 

2* AFitwoJ certain MilUary Maitere^ or Commen- 
taries concerning Roman Warfare, 1598. 

3. Rerum An^licarum ^criptores pofl Bedam^ &c, 
1596. I his is a colleftion of the belt writers of our 
Englifli hillory ; to which lie added chronological ta- 
bles at the end, fioin Julius Cjefar to William the Con- 
(picror, 

4. The Works of . 9 /. Chryfujlam^ in Greek, in 8 
vols, folio, 1613. 'riiis is a very fine edition, and 
compofed with great coft and labour. In the preface 
he lays, “ that having himlelf vifited, about l 2 years 
before, all the public and private hbraiics in Britain, 
and copied out thence whatever he thought ufeful to 
thisdelign, he then font fome learned men into France, 
Germany, Italy, and the Eall, to tranfenbe Inch paits 
as he had not already, and to collate the otliiis with 
the bell manufciipts.” At the fame time, he makes his 
acknowledgments to feveral eminent men lot their af- 
fiftance; as Thuanus, Vellcriis, Schottiie, Cafaubon, 
Duca.*iis, f^rutci, I loelehclius, &c. In the Bth volume 
ai‘e infeitcil Sir Henry S:i\ille'8 own notes, witli tliofc 
of other learned men, 'Die wliole charge of this edi- 
tion, including tlie Itveral Inms J^a^d to learned men, at" 
home and abioad, employed in finding out, tianfcrib- 
ing, and collating the bell mmulcnjjts, is faid to have 
amounted to no Icfs than 8000I. Scveial editions of 
this work v.ei c afterwards publiflted at Paris. 

5. In 1618 Ire piiblilhed a l.aiin work, wiitten hy 
Thomas Biadwardm, abp. of Canteibury, againfl Fe* 
lagins, intilled, l)e Cnufa Dei contra Vdaftum^ r/ tie 
iMUute caufarum ; to vvhicli he prefixed the life of 
Biadwardin. 

6. In i6ri he puljliftied a coIleAion of Iris ow'ii Ma- 
thematical Lectures on Euclurs Ideinentb ; in 4.t(), 

7. Oralto coram Elizabetha Rt\>tna 0 .\onuf hahita^ an- 
no 1592. Pi lilted ut Oxford in i<^»58, in 410. 

8. He tianflatcil into Latin king James’s 

for the Oath of yJHe^fmce, He alfo lelt levc ial maim- 
Icripts behind him, written by order of kin;; Janies ; 
all which are in the BiKlleian library. Hi wi ole notes 
likewife upon the margin ofiijany hooks in hiihhiary, 
pai'liculaily I'bilebins’s Ecelfiajttcat fltjlor^ ; which 
were a/ierwards uied hy Valelius, in his edition of that 
woikin 1659. — Four ofhis letteib to Camden arc pub- 
hfhed hy .Sniitli, among Camden* s iMttrs^ 4to. 

Sir Henry Saville had .1 younger bi other, 'I homas 
Savili.f-, who was admitted piohationei fellow of 
Mei ton college, Oxford, in I ^'80. tie aflcrvi ards tra- 
velled abroad into feveral counliies. Upon his return 
he as chofen fellow of hton-collegc ; but he died at 
London in 1593. 1 honias Saviile was alio a man of 

great Itainiigr, and an intimate friend of Camden ; 
among whoU letters, Jiill imntioncd, tlicie are I 5 of 
Mr. Sdvjlle’s to lorn. 

SAUNDERSON (Hr. Nicholas), an illuftiioui 
profilibr of rnaihematies in uie univeifity of Cam- 
brid.' , and a fellow of the Royal Society, w'as born 
at Tliurlftou in Vt>rklhire in 1682. When he was but 
twelve rnomln old, he loft not only liis eye fight, but 
his very cye-bafis, by the fmalJ-pox j fo that he could 
retain no more ideas of vifion than if he had been born 
blind. At an early age, however, being of very pro- 

mifing 
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mlfj'ngf patti» be waa Cent to thij frec^vhool. at PcnniC- 
ton, atui there 1 ud th^ foundation of that knowledgc.oC 
the Greek and Latin languages, which he. aftpVwaj^s 
innpvoved fo f^r, by own applicalion to the tla0|C 
authoiFi^ as to hear ihe works 01 Eticlid, Aichinicdts, 
and DiophaiU ns read in their original Greek. , 

Having acquired a grammatical education, his fa- 
ther, who waa In the excife, inrivuiifced him in the 
common riiU'S ol aritlimetic. Ard hcic it v.'.i8 that 
his excellent mathematical gtiiiiis (nil appeaud r for 
he very foon became able towoik, the common que-- 
ftiona, to make very long calculations by the llrength. 
of his memoiy, and to fmm new rules to hiuiftlf for 
the better lelolving of fiich qiuilions as arc often pro- 
pijfed tolcarntisas irialwof 

At the age of 1 our author was introduced to tfie 
acquaintance of Richard Well, ot Uiulcibank, Lfq, 
a lover of matlumatics, who, obftiving Mr. Saiindcr- 
fon*8 uncommon capacity, took the pains to inlliud 
him In the piituiples of algebra and geometry, and 
gave him every encouragement in his powet to tin pro- 
locution of theie ttiidics* Soon alter tliis he bccaine 
acquainted alfo with Dr. NcUleton, wdio took the lame 
pains with him. And It was to theie two gentlemen 
that Mr. Saunderroii owed Ids liiU iiillitutiun in llie 
inalhematical IcicUcts ; they funiilhed him w ith books, 
and often lead and cxpoumlcd them to him, Ihit he. 
loon fui palled his mailers, and became litter to Ic.ich, 
than to leain any thing from them. 

His lathci, otheMviic buulcncd with a numerous fa- 
mily, finding a difficulty in fupporting him, his friends 
began to think of pioviding both for his education and 
maintenance. His own iiiellnation led him ftrongly to 
Cambridge, and it was at length determined he fhould 
try bis fortune there, not as a fcholar, but as a mailer : 
or, if this defign Ihould not fucceed, they promifed 
thcmfelves fuccefs in opening a fchool for him at Lon- 
don. Accordingly he went to Cambridge in 1707, 
being tlien 25 years of age, and his fame in a lliort 
time filled the univerfity. Newton’s Piincipia, Optics, 
and Univerfal Arithmetic, w'cre the foundations of his 
ledures, and afforded him a noble field for tlu dilplay- 
ing of his genius ; and great numbers came to hear a 
blind man give ledures on optics, difeourfe on the nature 
of light amt colours, explain the theory of vilion, the cf- 
fed of glalfes, the phenomenon of the rainbow, and 
other objtds of fight. 

As he inllruded youth in the principles of the New- 
tonian phdofophy, he foon became acquainted with its 
incomparable author, though he had levcral years be- 
fore left the univtrl’ty ; and frequently convei fed with 
him on the moll dillicult paits of his works: he alfo 
held a friendlv communication with the other eminent 
matheixaticians of the age, as Halley, Cotes, Demoivre, 
6cc. 

Mr. Whillon was all this time in the mathematical 
profeffor’s chair, and read ledures in the manner pro- 
poled by Mr. Saunderfon on bis fettling at Cambridge ; 
fo that an attempt of this kind looked like an encroach- 
ment on the privilege of his office ; but, as a good- 
natured man, and an etreourager of learning, he rea- 
dily confented to the application of friends made in be- 
half of fo uncommon a perfon. 

UpoQ the removal of Whiffon from his profef- 


forffiip, Mr. Saundprfon's -merit was thought fo much 
fuperior to, that of any other competitor, that an ex- 
tr^ordjnary.ijcp waa taken in hi§ favour, to qualify him 
with adegree, vvhiph the ftatute requires: in confe- 
quence he was chofen in ,I7U* Mr. Whillon’s fuccef- 
for in the Lucafiau profefforffiip of mathematics, Sir 
Ifaac New'ton mterefting himlelf greatly In his favour, 
ilia firft pjey%mapce, after he was feated in the chair, 
was an inaugural fpceeb made in very elegant latin, and 
a llylc truly Ciceronian ; for be was wcdl vtifed in 
the writings of Tully, w'ho.was his favourite iti profe, 
as Virgil and Horace w'cre in verfe. From this time 
he applied himfelr clofely to the reading of Iciimes, 
and gave u]) his wliolc time to his pupils. Me conti- 
nued to rcfidc among the geiitltmcn ol Chiilt-college 
till the year 1723, when he took a houfeii. Cainhiidge, 
and foon after mauled a daiiglUcr of Mr. Dicicci", 
rcdlor of Boxvvoith In Canibridgefiiire, by whom l e 
had A Ion and a daughter. 

In the year lyib, wlien king George vifiteJ the 
univerfity, he expuffed a defiix of Iceiiig fo unuika- 
hlc a peilon; and accordingly our profcli'or .ilt^nJcd 
the king m the fenate, and by his favour w.is ihcic 
created dodot of laws. 

Dr. .Saunderfon was naturally of a firong healthy 
conllitution ; but being too ledentary, and conilanliy 
confining himfclf to the houfe, he became a vaLtnm- 
naiian: and in the fprlng of the year 1739 lie en tr- 
plalned of a numbnels in his limbs, which uided ii^ a 
moitification in liis foot, of which he died the j^iii 01 
Apiil that yc.ir, in the 571)1 year of his age. 

Theie w,.s fcaicely any pait of the maihein.iiicb on 
which Dr, Saiindeifon had not cornpolcd {(uneth.iig f<^i 
theiileof his pupils. But he dilcoveted no uuiutit'ii ut 
publifiiing any thing till, by the peiluaiiuii of iiii 
friends, he prepared Ins Elements of Algebra for iho 
prefs, whicli after his death were publilhcd by Inbicnp- 
tion in 2 vols qto, 

He left many other writings, though none pcilnps 
pn pared for the prefs. Among theie w'Cie h me v i* 
luable comments on Newton's Principid, winch nut 
only explain the more difficult parts, but often impiove 
upon the doClrmes. Thefe are pnbldhed in Latin at 
the end of his pofihnmous Trcatife on I'luxior.s, a va- 
luable work, pnbhfhed in 8vo, 1756.— -His imniukiipt 
ledures too, on moll parts of natural philofophyi 
which T have feen, might make a confidcrable vo- 
lume, and prove an acceptable prefent to the public if 
printed. . 

Dr. Saunderfon, as to his charader, was a man of 
much wit and vivacity in converfation, and eftetmed as 
excellent companion. ' He was endued with agrcatic* 
gard to truth ; and was fuch an enemy to difguik, 
that he thought It his duty to fpeak his thoughts at al 
times with unreftrained freedom. Hence his fentm^^-'^** 
on men and opinions, his friendfhip or difregard, 
expreffed without referve •, a fiucerlty which railed 
many enemies. 

A blind man, moving in the fphere of a mathetTia i* 
cian, feems a phenomenon difficult to be accomiiti 
for, and has excited the admiration of every ''J 
which it has appeared. TuUy naentions it as a 
fcarce credible in hi^ own mailer in philofophyq 
dotus; that he cxcrcU'ed himfelf in it with ' 
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dmty after Jie becarpe blind; and, what he thought 
next to itnpofTiblc to be done without fight, that he 
profefied geometry, dcfcribing his diagrams ib exa(5lly 
to his fcholars, that tlicy could draw every line in its 
proper dire<^^ion. St. Jerome relates a ftill mme rc- 
maikable inftance in DMyinus of Alexandria, who, 
though blind from his infancy, and thcicforo igno- 
rant of tlic very letters, not only learned Iojmc, hut 
geometry alfo to very gieat perfe<;dion, which fceiui, 
mod of all to require fight. But, if we conlider 
that the ideas of extended quantity, which aic the 
chitf nhje6ls of mtithcuiatics, may as well be ac- 
quired by the fenfe of feeling as that of light, that a 
fixed and Ikady attention is the principal qn.tlifit'ation 
for this dudy, and that the blind liie by necclllly ukuc 
abdra^tod than othns (for which reafon it is f.iid that 
Democritus put out his eyes, that he mig!\t tiiinli 
more iiitc nfely ), vve fiiall puhapsliiid laafimto foppid'c 
that there is no biaiich of fciencc fo inueii adapted to 
tij !r ckeumflanccs. 

At full, Ur. iSaundcifon acquired mod of his ideas 
by the fenfe of feeling; and tliis, as is eommo.dy the 
cafe with the blind, he enjoyed in gicat pci lc(I:tu)n. 
Yet Ik could not, as fomc arc faid to have done, dif- 
tingnifli colours by that fenfe ; for, after having made 
lepe^tcd ti ials, he tiled to fay, it was prtteiuhng to 
imiicfiibilities. But he could vitli great nicety and cx- 
aidncfs obferve the fmalled degree of roughnefs or de- 
fc"l of polifli in a furface. Thus, in a fet of Roman 
medals, lie didingiiifiKd the genuine fiom the falfc, 
though they had been countjcrfeited with fuch exadf nefs 
as to deceive a connoiffeur who had judged by the eye. 
By the fenfe of feeling alfo, lie didinguilhed the lead 
variation ; and he has been feen in a garden, when ob- 
fervations have been making on the inn, to take notice 
of every cloud that interrupted tlic ebfeivation ahnoll 
['idly as they who could fee it. He could alfo tell 
when any thing was held near his face, or when he 
railed by a tree at no great dilbance, merely by the dif- 
ierent impulfe of tlic air on his face. 

His ear was alfo equally e\a(ff. He could readily 
didingiiini the 5th part of a note. By the quickntfs of 
tlus fenfe he c^Hild judge of the li/c of a room, and of 
his didance from the wall. And if ever lie walked 
*c.er a pavement, in couits or [)ia//,ns which redcHcd a 
finind, and was afterwards rnndtiHed thither again, he 
could tell in what part of the walk he dood, merely 
by the note it founded. 

Dr. SaiindeiToii had a peculiar method of perform- 
ing arithmetical calculations, by an mgenitjus machine 
and merhod which has been called his Palpable Ariili- 
‘^Htic, and is particidaily dcfciihed in a piece prefixed 
thc-fird volume pf his Algclin. 'lliat he was able 
to make long and mtricare caleiilations, both aiithme- 
tiCal and algebraical, is a thing ascertain as it is won- 
derful. He had connived for his own ufc, a c«>mmo- 
^>ous notation for any large numbers, which he could 
<-xprefs on his abacus, or calculating table, and with 
'‘'hich he could readily perform any arithmetical ope- 
rations, by the fenfe of fechiig only, for wliich reafon 
‘t called his Palpable Arithmetic. 

Hi 8 calculating table was a finoi^th thin hoard, alit- 
1 tnore than a foot fqiiare, raifed upon a nnall frame 
^ to lie hollow } which board was divided into a 


great number of little fquarca, by lines interfcdling one 
another perpendicularly, and parallel to the Tides of the 
tabic, and the parallel ones only one-tenth of an inch 
from each otlier ; fo that every Iquare inch of the ta» 
ble was thus divided into 100 little fquares. At every 
point of interlee^lion tlu* bom d was perforated by fmaii 
hob s, caj)able of receiving a pin ; for it was by the 
help of pins, liuek up to the head through tliefe holes, 
that he expicffed his numbers. He ufed two forts of 
piiv'., a huger and a fmaller fort ; at lead their heads 
were dilfeixnt, and might calily be difiinguifticd by 
fi cling. Of ihefe pins he had a large quantity in two 
boxes, whh their points cut od, wliicli always flood 
reafly before him when he calculated. The writer of 
that account dtfcrlhes particulaily the v\ holc procefs of 
uling the machine, and concludta, He could place 
and ciilphic(‘ his pins with incredible nimblenefs and fa- 
cility, much to the phalme anti fmpii/e all the he- 
holdeis. He could even break olV in the middle of a 
calculation, and relume it when he pleafed, and could 
pidcnily know the condition of it, by only drawing his 
fiiigeis gently over the table.” 

SADR IN (Josi fh), ;m ingenious French mathe- 
matician, was horn in at Couilaifon, in the 

piincinabfy of Orange. His father, minilUr at Gre- 
noble, was a man of a vci)Mbi(]Iotnj dilpolition, and 
wna the full pit-ccptor or inlliiudor to our author; 
who made a lapid progiefr. in bis liudies, and at a 
very early age vvas arin.Itted a miiiillcr at Dnie in Dau- 
phiny. But preaching an oflcnlive fermon, he was 
obliged t<^ quit Fiance in 16^3. On this oceafion he 
ret'ied to Geneva ; horn whence he went into the State 
of Berne, and was appointed to a living at Yverdun. He 
was no fooner clhiblilhed in this his poll, than ceitaiii 
theologians raifed a llorm againll him. Saurin, dif- 
giifled with the controvcify, ami flill moie* with the 
Bwifs, where his talents wtrebmied, [)affcd into Hol- 
land, ami horn thence into I'rruici , vvIich' In put 
himfcif under the prottdlion of the ec lehiatcd Ihdlu, to 
whom lie made his abjui atif>ii in ihqo, ns it is luljurUfl, 
that he inigiil firni prote(!:tiori, ami have an oppomimty 
of cultivating the feieiic^,s at Faria. Ami he v\iis not 
difappoinlcd : he iiKl with many flattci mg cik (unage- 
ment.s ; was even int'ch iioticef] by tlu kmg, Inul a 
penfion fioin the couU, and vv is mlmittcd (d ilic At.i- 
derny of Sciences in 1707, in tlu qiialiiyof [K'onulri. 
<'ian. This fcierjce was now lu’s eloef lludy ami lieliglit ; 
w ith many writings upon wiiieh he 1 nru h' d the voluuus 
of the journal des Savan.s, ami the Mernoiis of ilie 
Av.ademyof Sciences 'rhcle were the (mly works of 
this kind that lie puhlilhed ; he was author td fi v o l 
other pieces of a controverllal natuie, againll the c'^- 
Icbrated RouHeau, and other antagoiiilis, over w,'»om 
with the afiillance of government lie vras triahleel to 
liiumph. 7 'he latter pait of lus life was Ipent in 
more peace, and in cultivating the mathematical 
fcrenccs; and he died the 39th of December 1737, 
a lethargic fever, at yh years of age. 

The chararter of vSaiinn was lively and impetuous, 
endued with a conlidcrable degree of that noble inde- 
pendence and loftinefs of manner, which is apt to be 
miltaken for haughtinefs or infoltncej in confcquence 
of which, his memory was attacked after hit death, as 
his reputation iud been during hit life ^ and it was even 

faid 
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&id he had been lyuilty of cri'mcf, by h»* own confef- 
fion, that ought to have been punished with death. 

>Saurin^8 mathematical and philofophicil papers, print- 
ed in the Memoirs of the Academy of Sciences, which 
are pretty numerous, ^rc to be found in the volumes for 
the ycais following; viz, 1709, i-fo, 1713, 1716, 
1718, 17-0, 1722, 1723, 172^, 1727. 

SAlJVLUR (Joseph), an eminent French mathe- 
matician, wns btjrn at La Flcche the 24th of March 
1653. He was abr<)lnlely dumb till he was feven years 
of age; and then the organs of fpeccli did not difen- 
gage fo clFcdually, but that be was ever after obliged 
to [peak very flowly and with difiicniiy* He very early 
difeovered a great luni for ineebanics, and was al- 
ways inventing and conilrtictmg foinething or other in 
that \va). 

He was fent to the college of the JcTnits to learn 
polite littraUire, but made very little progre<s in p:)erry 
find eloquence. Virgil and Cicero had no cinrms for 
him ; but he lead with greedinefs bo«)ks of arithmetic 
.and gforiutry, Howevei, he was prevailed on logo 
to Paris in 16,0, and, being intended for the church, 
there he applied himfelf for a time to the ftudy of plu- 
lofophy and tlieohigy : but £lill fucceeded no better. In 
fliort, matiicmatics was the only Itudy he had any paf- 
fion orrclUh for, and this lie cultivated with extraordi- 
nary fncccfs ; for during his comfe of philofophv, he 
learned the tltlt iix books of Euclid in the fpace of a 
month, without the help of a mader. 

As he had an impediment in hU voice, though other- 
wife endued with extraordinary abilities, he was ad- 
vlfed by M. BoiTuct, to give up all defigns upon the 
church, and to apply himfelf to the ftudy of phyfic : 
but this being utterly again ft the inclination of his uncle, 
from wliom lie drew his piincipal icfouices, Sauveur 
(Ictcnnined to devote himfelf to his favourite ftudy, and 
lo perfect liimfelf in it, fo as to teach it for his fup- 
port ; and in effed he foon became the fafliionable pre- 
iTcptor in mathematics, fo that at 23 years of age he 
had prince Eugene for his fcholar.— He had not yet 
vead the geometry of Des Cartes ; but a foreigner of 
the lirft quality defiling to he taught it, he made Uim- 
felf mailer of it in an inconceivably fmall fpace of lime. 
— -BaiTet being a fafliionable game at that time, the 
marquis of Ddiigeau afked him for fomc calculations 
relating to it, w^liich gave fuch latisfadion, that Sau- 
veurhad the honour to explain them to the king and 
queen. 

In 1681 he was fent with M. Mailotte to Chantilll, 
to make fome experiments \inon the waters there, 
which he did with mueli applaufe. The frequent vifits 
he made to tills place Infpired him with the defign of 
wiitinga treatife on fortification; and, in order to 
join prndice v^ itli theory, he went to the liege of Mens 
in 1 691, where he continued all the wdiile in the trenches. 
With the fame view alfo he vifitcd all the towns of 
Flanders ; and on his return he became the mathemati- 
cian ill ordinary at the court, with a pcnfion for life — 
In 1 680 he had been chofen to teach mathematics to the 
pages of the Dauphinefs, In 1686 he was appointed 
mathematical profeffor in the Royal College. And in 
1696 admitted a member of the Academy of Sciences, 
where he was In high efteem with the menibors of that 
fociety«*--He became alfo particularly acquainted with 
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the prince of Cond6, from whom he » received many 
marks <jf favour and affcAion. Finally, M, Vauban 
having been made marfhal of France, in 1703, he pro. 
pofed Sauveur to the king as his fucceflbr in the office 
of examiner of the engineers ; to which the king 
agreed, and honoured him with a penfion, which oiu 
author enjoyed till his death, which happened the 9tli 
of July 1716, in the 64th year ol his age 

Sauveur, in his characler, w^as of a kind obliging 
difpolition, ofd fweet, uniform, and unaflcdccl temper; 
and although his fame was pretty generally fpicdd 
abroad, it did not alter his liumble deportment, and the 
limplicity of liis manners. He ufed to fay, tliat what 
one man could accomplilli in mathematics, another 
might do alfo, if heehofe It. 

He was twice mairied. The firft time he took a 
very fingular precaution ; for lie would not meet the 
lady till he had been with a notary to have the conai- 
lions, he intended to infill on, reduced into a wriiteu 
form ; for fear the fight of her fliould not leave hun 
enough mailer of himl'clf. This was aCling veiy whf K, 
and like a true mathematician; who always pioceLcl? 
by rule and line, and makes his calculations when In'; 
liead is cool. — He had children by both hiu wives; 
and by tlie latter a fon who, like himfelf, was dumb 
fur the firft fevon years of his life. 

All extraordinary pait of Sauveur’s cliaracler i-j, 
that tliough lie had neither a mulical voice nor car, u: 
he Ihulied no fcicnce more than mufic, of \vlu\h Ik 
compofed an entire new' fyltcm. And though he w 
obliged to borrow' other people's voice and ears, yei \,c 
amply repaid them with fuch demonlliations as \\r^ 
unknown to former mulieians. He alfo intn)Ji’u(’a 
new di£lion in mufic, more appropriate and 
He invented a new dodliine of founds. And ht w.'S 
the firft that difcovcied, by theory and expennuM, 
the velocity of mulical Itrings, and the fpaces they de- 
feribe in their vibrations, under all ciicurnllanub. ni 
tenfion and dirncnlions. It was he alfo w'ho liill 11. 
vented for tin’s pnrpofe tlie monochord and the eJm- 
metcr. In (hort, nc piirfued his refearches even Lotlic 
mufic of the ancient Greeks and Romans, to the 
Arabs, and to the veiy Turks and Pei fidiis ihcmfclves ; 
fo jealous was he, left any thing ftiould efcape him in 
the fcience of founds. 

Sauveur^s writings, which confift of pieces rather 
than of fet works, are all iiifcrted in the volumes of the 
Memoirs of the Academy of Sciences, from the year 
1700 to the year 1716, on various geometrical, mathe- 
matical, phllofophical, and mufical fubjeiTts. 

SCALE, a mathematical inftrument, confiding of 
certain lines drawn on w'ood, metal, or other matter, 
divided into various pans, cither equal or unequal, ft 
is of great ufe in laying dowm diftances in proportion, 
or in meafuring diftances already laid down. 

There are Beales of various kinds, accommodatfd 
to the feveral ufes: the principal are the plane 
the diagonal Scale, Gunter* t Scale, and the 
Scale, 

Plane or Plain Scale, a mathematical inllmment 
of very extenfivc ufe and application ; which is 
monly made of 2 feet in leoj^th ; and the lines ufuall)’ 
drawn upon it are the followtug, viz. 


I , 
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I Unci of Equal parts, and marked E. P. 


. • Cho)*d 3 • 

- Cho, 

• . Rhumbs » 

Ru, 

- - Sines 

- Sin. 

. - Tangents 

- ^J'an, 

- - Secants 

• Sec, 

. - Semitangents • 

b. T. 

- - Longitude 

- Long. 

- - I^atitudc' 

- Lat, 


I. The lines of equal parfs are of two kinds, viz, 
(Imply divitkd, and diap;on.»l]y divided, (i\ll of 

thefe arc formed by diavvin^r three lines parallel to one 
another, and dividing tliein into any equal paits by 
(holt lines drawn ncrofs them, and in like manner 
ii.hiliv iding the firll divifion or pait into lo oilier 
<qiMl fmall paits ; by which numbers oi dmumlions of 
two (Ij^ lilts may be taken olf. Upon (omc lulcr^’, feve- 
jmI oF th.tfe fcales of equal parts are ranged paialkl to 
enth other, with figuics fet to them to (hew into how 
n. any e<jual parts they divide the inch ; as 20, 2^', 30, 
3), 40, 45, &c. The 2d or diagonal diviuuns aie 
formed by drawing eleven long paiallel and cquidillant 
hues, which are divided into equal parts, and crofled 
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ridlels divided into 16 equal parts, and tha pointi of 
divifion being coniiedtcd by linei drawn diagonally, the 
whole fcale is thus divided into dimcnfions or uuinberi 
of three places of (iguies. 

The other lines upon the fcales arc fuch as arc com* 
nionly uitd in irigonomelry, navigation, allronomy, 
dialling, projeClion oF the fphcic, &c, &c ; and their 
con(*nidions arc mollly taken fiom the diviiions ot a 
circle, as Follow : 

Ddaibc .1 tirtle with any convenient radius, and 
quarter it by diawing the diameters AB and DE at 
right angles to enfli other; continqc the diameter AB 
out towards F, and diaw tlic tangent line EG parallel 
to it; alfo draw the cliords Al), DJ 3 , BE, EA% 
Tlicu, 

2. For the line of chords, divide a quadrant BK into 
90 equal parts ; on E as B centre, with the compafTej 
tianstei tliefe diviFions to the chord line EB, which 
mark w'ith the correlponding numbers, and it will 
become a line of chords, lo be transFerred to the 
ruler. 

3. For the line of rhumbs, divide the quadrant AI) 
into equal parts; then with the cciitie A tranf- 
fer the diviiions lo the choid AD, for the line of 
rhumbs. 

4* For the line of fines, through each of the divf- 
fions of the ate BE, draw right lines parallel to the 
radius BC, which will divide the radius CE into the 
fines, or verfed lines, numbciing it fiom C to E for 
the line?, and from Eto C for the verfed lines, 

5. For the line of tangents, lay a ruler on C, and 
the fcveral diviiions of the arc BE, and it will intcrfe6l 
the line EG, whicfi will become a line of tangents, 
and numbered from E lo (x with lo, 20, 30, 40, 
&c. 

6 . For the line of fecants, transfe’r the difianccshc- 
tw'ceu the centre C and tlie diviiions on the line of tan- 
gents to the line BF, ftom thecentre C, and tliefe will 
give the diviiions of the line of fecant‘<, which mull 
be nuinhcred from B towaids F, with 10, 20, 30, 
&c. 

7. For tlic line of femitangents, lay a ruler on D 
and the feveral diviiions of the me EB, which will in- 
ierfe£l the radius CB in the divilimis of the femitan- 
gents, which are to he m.trkcd witii tlie cuiielpondiiig 
figures of the arc EB. 

The chief ufes of the fines, tangents, feeants, and 
femitangents, arc to find the poles and ceniics ot the 
feveral ciiclcs reprefented in the piojeeiions of the 
fphere. 

For the line of longitude, divide the radius 
Cl) into 60 equal paits; ilirongh carh of thefc, pa- 
rallels to the radius BC will Inlerledl liir arc Bl) in as 
many points: from Das a centre the divifioiH or the 
arc ill) being transferred to the chord BD, will give 
the diviiions of the line of longitude. 

If this line be laid upon the fealc elofe to the line of 
chord?, both inverted, fo that 60° in the Icale of lon- 
gitude be againll 0° in the chords, 3 cc ; and any de- 
gree of latitude be counted on the chords, there will 
fiandoppofilc to it, in the line of longitude, the mild 
contained in one degree of longitude, in that latitude ; 
the meafurc of i degree under the equator being 60 
geographical miles. 

3 Fi 9» For 
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9. FotMhe line of latitude, ruler on B, and 
the fcveraldivUions on the fines on CE, and it will in* 
terfed the aic AE in as many points ; on A asacen* 
irc traubfer the intcrfcdlons of the arc AE to the 
chord AE, for iheliiio of latitude. 

See alio Robertion’s Defcription and 'ife of Mathe- 
maticdl Inllriimentfi, 

Dfcimali or Giinfcr\u or Phttin^y or Proportionalf 
or Raluin^ Scale. Sec tiie fevcial avlidcs. 

Scale, in Architcdi.ic and Geogiaplu, a line di- 
vided into equal parts, placed at the bottom of a map 
or draup,ht, to fci ^ as a common m'\ilure to all the 
parts of the building, or all the diilauces and places of 
the map. 

In maps of large trads, as kingdoms and pio- 
Ttnccfi, <&c, the Scale uriially cin)rillsof milc‘>; • 

j‘l is denominated a Stale of miles. — In more juriieular 
maps, as thofe of manors, Sccj the Seale is tiiuaily of 
chains See. — The Seales nhd in dinuglusof bmiJiiigs 
mofily coufifi of modules, ieet, iueUer, palms, fa- 
thoms, or I he like. 

To find the diAancc bctwcui two towns tic, in a 
map, the intci val is t:ihcn m tin- coaiparies, and fit off 
in tbofc.de; and the number id' divilions it nulvides 
gives the clillance. 'Ehc fame method ferves to liiid 
the height of a fiory, or other part in adefign. 

Front \i\ Ve^^peiVvNe, u a ri^ht V\ue *m thd 

draught, parallel to the heirixonta\ Vme *, divided 
into ctjual parts, repiefentin^ feet, inches, See. 

Flying Scale, is a right line in the draught, tend- 
ing to the point of view, and divided into unequal 
parts, reprefenting feet, inches, &c. 

Dijjl-renhal ScALE, is ufed for the fcale of relation 
fubtradlcd from unity. See Sfrves. 

ScAtE of Relation f in Algebra, an exprcfllon de- 
noting the relation of the terms of recurring feries to 
each other. See Series. 

Hour Scale. See Hour. 

Scale, inMufic, is a denomination given to the 
arrangement of the fix fyllahles, invented by Guido 
Aiatino, ut re mi fa fol la ; called alfo gammut. It is 
called Scale, or ladder, becaufe it reprefents a kind of 
ladder, by means of which the voice rifes to acute, or 
links to grave ; eacli of the fix fylUbles being as it were 
one Hep of the ladder. 

Scale is alfo ufed fora feries of founds rifing or 
falling towards aculencfs or gravity, from any given 
pitch of tunc, to the greateft diilancc that is fit or prac- 
ticable, through fuch intermediate degrees as to make 
the fucceffion moft agreeable and perfedf, and in which 
we have all the harmonical intervals moftcommodioufly 
divided. 

The fcale is otherwife called an vniverfal fyflcm^ as 
including all the particular fy Hems belonging tomufic. 
See vSystem. 

There were three different Scales in nfe among the 
Ancients, which had their denominations from the 
three fcveral forts of raufic, viz, the diatouicy chromatic, 
and inharmonic* Which fee. 

SCALENK, or Scalf.ndus h"lanQfe, is a triangle 
whofc fidcs and angles are all unequal.— A cylinder or 
cone, whofc axis is oblique or inclined to its bafe, is 
alfo faid to be fcalenoua; though more frequently it is 
caUed oblique^ 


SCAI^lGBIl (Joseph Justus), a cclcbrateT 
Fntnch chronologer and critic, was the fon of Julius 
Csfar Scaliger, and born at Agcnin France, in 1^40. 
He lludlcd in the college of Bourdeaux ; after which 
his father took him under his own tiare, and employed 
him in tranferibing his poems ; by which means he ob- 
tained fuch a tade for poetry, that befoie he was 17 
years old, he wrote a tragedy upon the fubjeiLt of Oedi- 
pus,. In which be introduced all the poetical ornamcius 
of llyle and fentiment. 

His father dying in he went to Pari;^ the 

year following, with a defigu to apply hiinfflf to the 
Greek tongue. Fo'* this purpofe he for two montha. 
attended il’.ekdui\s of Turuebus ; but finding that m 
the ufualcourfc he Ihould be a long time in gaining Irk 
point, he Hint hlmhlf up in his clufet, and by conft.iut 
nj4>!'cat!on for two years gained a perfect knowledge 
ct the Greek language. After which he applied him- 
Rlftothe Hebrew, which he learned by himfelfwith 
gtrat taeiriiy. And In like manner he van through 
iniiuy other hinguages, till he could Ip'iak it ITaid iu> 
lefs than 13 ancient and modern ones. He made no 
IJj piogrici'b in tile fciences ; and his writings ptiu u; ul 
iiim the repiifalion of one ofthc greatetl men ot tiiaf or 
any otlier age. lie embraced the reformed religion 
at 22 years of age. In 1 1;63, he attached himklf to 
Lewis CaiUignier de la Loch Pay/ay, whom he at- 
tended \u level 'td pm mes. And, \\\ \ ijq*},, t\\e cm alor s 
of the uuiverfuy of Leyden invitedlrmlo au ^mrorT.iy 
profefforlhip in that univcrfity, vdierc Ik lived 16 
and where he died of a diojd'y in 1609, at ^19 
of age. 

Scaliger was a man of great temperance ; was nc- 
ver married ; and was fo clofe a Hudemt, that he oftui 
fpent whole days in his lUidy without eating ; iiml 
though liiscircumfiances were always very nairow, !l^ 
conftantly refufed the prefertts that wcic offereil h'tii. 

He was author of many ingenious works on var, 
fubjefls. His elaborate work, IJe Kmerulatl'mc j . 
fonnn ; his'evcpiifite animadverfions 011 Eufebius ; vo. i 
liis Canon Ifagoftcus Chronolofiec ; and his nceuot. 
comment iij>on Maniliuak Ajlrommca, lullivicitly 
evince his knowledge in the aftronomy, and ctUr 
branches of learning, among the Ancients, andw' O, 
according to the opinion of the celebrated Vieta, 
far fuperior to any of that age. And he liad no kfs a 
cKaradler given him by the learned Cafaubon. — He 
wrote Cyclowetrica ct Diairiln dc EguinoSiorum jlnU.i- 
patiune. He wrote alfo notes upon Seneca, Varro, and 
Aufoniusk Poems. But lha,t which above all things 
rendeisthe name of Scaliger ntemorable to pollcrity, is 
the invention of the Julian period, which coidids 0. 
79H0 years, being the continued produ6f of thetbiee q- 
cles, of the fun 28, the moon 19, and Roman iiioic* 
lion 15, This period had its beginning fi'ted to tin 
764th year before the creation, and is not yet eoni' 
pleted, and comprehends all other cycles, period . 
and cpochas, with the times- 0/ all memorable 
and liKlorks, — The colleiSlions intitled 
were colle6lecl from his converfalions- by one of i-’ 
friends ; and being ranged in alpliabetical order, 
publilhtd by Ifaac Voffius. 

SCANTLING, a meafurc, fizc, or (landard* ^ 
whickthc dimrnlioM&c of things arc. to be 
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The term is particularly applied to the dimenfiona of 
any piece of timber, with regard to its breadth and 
thlckncfs. 

fcJCAPEMENT, in CIock*work, a general term for 
the manner of communicating the impitlfo of the 
wheels to the peiululnni. 'J’Ijc ordinary Scjpcments 
cojililt of tlie fvviiig-whccl and pallets only ; butmodtrii 
improvements have added other lovers or detents, chicHy 
lor the purpofes of diinlniOiing fritiion, or for delacU- 
ing tlie pendulum irom the pieduie of the whcel.sdnr- 
ing part of the lime of its v’lbialit)!!, Notndthlland- 
jiig the very impoitance of the Scapeinent to tlic 
peiformancc of clocks, no material improvement was 
madelultfiom the full application of llie puidulmn to 
clocks to the days of Mr. George Gialian\ ; nmliu.g 
more was attempted before lus time, than to apply the 
jinpulfc of the f\ving*whccl. 'n Amh manner as was 
attended with the Icall lneiion, and would gi\e tiic 
greatcll motion to the pendulum. Dr. Plalley difto- 
\crcd, by fome tx peri me ms made at the Roy al C)b- 
iei\atory at G^t'cnwlib, that by adding move weight 
t) the pcr.diiluir, it vas made to vibrate larger arcs, 
ul the clock went Aiiltr j by diminidiing the weight 
of the pciidnhim, tiic t.brations became fliortcr, and 
lhec](;ck went flower; the rcfult of thefe experiments 
baing dicunttrically oppofitc to wlnit ouglit to be cx- 
p^c^ted fiomthe theory of the pendulum, probably fiill 
xou^ed \.\\e aUenUou o? Mr. Cj\a\u\m, and \ed\V\m lo 

paradox was occafioned by the retrograde motion, 
wasjdvun to the fvving-wliccl by evciy conlliuc- 
lion ofScapeinent that was at that time in ufc ; and 
hi, great i'agaeity fooii produced a remedy for this de- 
fc 6 t, by conilrutf mg a Scapement which prevented all 
recoil of the wheels, and reilored to the clock pendulum, 
wholly intlieory, and nearly inpiadfce, all itsnatiiial 
piopeiticsin its detached lirnplcdlatc ; this Scapenient 
was named bv its celebrated inventor the dead ben*^ 
and its great fiipcriorlty was fo univerlally acknow- 
ledged, that it was foou introduced into general ufc, 
and fllll continues in unlverfal eftcem. 'J'he impoit- 
ance of the Scapement to the accurate going of clocks, 
was by this improvement rendered fo unqiieftionalilc, 
that artllls of the fiift rate all over Europe, were for- 
ward in producing each his particular conllnit^dion, as 
may be feeii in the works of Thiout I’aine, M. J. A. 
Lepanfe, M. le Roy, M. Ferdinand Bertoud, and 
Mr. Cummings* Elements of Clock and Walehwoik, 
in which we have a minute defcripiion of fcvcral new 
and ingenious conrtrudtions of Seapements, with an 
inveftigation of the principles on which their claim to 
merit 18 founded ; and a comparative view of the ad- 
vantages or defe^fs of the fevcral contlrudlions. Befidcs 
the Seapements deferibed in the above works, many 
curious condru^ions have been produced by eminent 
artifts, who have not publiflied any account of them, 
nor of the motives which have induced cacli to prefer 
his favourite conilrn^ion : Mr. Harrifon, Mr, Hind- 
h of York, Mr. Ellicot, Mr. Mudge, Mr. Arnold, 
Mr, Whitehurft, and many other ingenious artdls of 
this country, have made Seapements of ntw and pecu- 
liar conftru^ltons, of- which we are unable, for the 
^ve reafori, to give any farther account than that 
4f Mu HwTifoD and Mr. Hmdley had fcarce 
1 


any friclion, with a certain mode ami quantity of re* 
coil ; tliofe of all the other gentlemen, we believe, have 
been on the principle of the dead beat, with fuch other 
improvements as they feverdlly judged moil conducive 
to a good performance. 

Count Bruhl hasju/l; publiflied (in 1791) a fmalt 
pamphkt, “ On the invedigation of Allronomlcal 
Circles, to whicli he has annexed, ** a D«-fcriptioTi 
of the Scapement in Mr. Mudge’s full 'rimekeiper, 
drawn up in Aiigull 1771." Before entering upon 
the DeA • ipiioii, the Count picrniAsa Aw ohfei valionJ, 
in one of whn h in: recognizes a hint concerning the 
iiatuie of Mr. Minlge’s vSeapcmcMit, thrown out by this 
arlill in a fmall tra<fl piintLil by him in the year lyb}, 
wbich is ibis. “ 'The An cc derived fiom the main- 
fpiing ilionld be made as eipial as pofiible, l:>y making 
the inamlpriiig wind up another fnialJer fpringat a lefs 
d/ikii!' e Aom the halunce, at flmrt intervals of time, 
y ilud ‘zvould not he tmpraHicahl: to niriLe it wind up at 
rL\‘ty I'ibntiioTii a (iriidl fpein^y fimlav to the pendulum 
that JhouLl tinnu'd. airly atl on the balrrce^ by 
which the whok fmir athng on the halince would he re- 
duced to the finifUcilw with this advavln^j^e, that 

the prre wouldtncnajr in pmpoition ihc archd* From 

rhisliinl, Count Build is furprifed that no other arlifli 
liavc taken up Mr. Miulge’s invention, lie then 
gives tlie Delci iptioii of that invention as follows; 
“ Mr. Mudge’s Timekeeper b.is five v/bcels, with 

uv\\\\\)evs\\*\'^\v i.u\w‘g\\ Vo VkduAv Y'lumva q? rv,c\\'e» ^nd 
yet lo go eight da)s. 'Vhc fieipemcnt confiib of a 
wheel almoU hke ih.il of a common crown wheel, and 
ads on pallets, c.ich of which ha . a lepaiate axis lying 
in li'.c fame line, I'o eaeli pallet a ipi mg is iixed in the 
fliape of a pendulum Ipring ; thefe fpiiiigs me wound 
up alternately by the adion of the lull wheel upon the 
pallets, which is pci Fonnrd in the following manner; 
— Whenever one of the pnllclij (for iidtancc the upper 
one) is fet in motion by a tooth of the wheel Aiding 
upon it, and then rciling agaiidl a hook, or, rather a 
bearing at its end, the balance is entirely detached 
from it, being then employed in carrying the other 
pallet the contrary way, Wlien the balance returns from 
that vibration (jmrlly by the foiee of the pendulum 
fprliig, and partly by that of one of the two fmnll 
fprings which It had bent by tiicmotiuii of that pallet 
which it had carried along withitfelf) it lays hold oftlie 
upper pallet and carries it round in the fame manner a# 
it did before the lower one, aiul, of comic, in the 
fame dircdion which the upper pallet ha(l received 
from the power of lire malr.fjning at the time tli.it jt 
was quite unconneded with the balance. 1 be commu- 
nication of motion froni the balance to thepaileis, and 
vice verfa, is clFeded by two pins Jixed t() a cruiik, 
xvhich in f^ollovving the balance, hit eacli its proper 
pallet alternately. By what has heen faid, it is evident 
that whatever jiKcjnalily there may he in the power de- 
rived from the maiiifpiiug (provided tlic latter bclnlli- 
cient to wind np tliofe litllc palli't Iprings) it can nevci* 
interfere with the rcgulanty of the bula!icc*s motion, 
but at the inllant of unlocking the pallets, which is fo 
inftaiitancous an open-ation, and llie rciilUncc fo ex- 
ceedingly fmall, that It cannot pollibly amount to any 
fen Able error. The removal of this gicat oblUclc wa* 
certainly never fo efftiiually done by any olhcr coiitru 
3 H 2 
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vancf, and defcrws the hlgheft commendation, as a 
probable means to pcrfeei a portable machine that will 
meafure time correifily. But this is not the only, nor 
indeed the principal advantage which this timekeeper 
. will pofTefs over any other ; for, as It is impofiible to 
reduce fr.Ction to io finall a quantity as not to alTed tlic 
motion of a balance, the confcquencc of which Is, that 
it deferihes fonietlmcs greater and foniPtimcs fmaller 
arcs, it became neceHary to think of fome method by 
which the balance might he bionght to deferibe thofe 
different arcs in the fame time. If a balance could be 
made to vibrate wiiliout fiidllon or refillance from the 
medium in which it moves, the mere expanding and 
coiUruCding of the pendulum fprlng, would probably 
puxlucc the lomuch wilhed-for effect, as its foice is 
fuppofed to be proportional to the arcs defciibed ; but 
as there is no machine void of friction, and as bom 
that caufe, the velocity of every balance decreafes 
more rapid 'y than the fpaces gone through decreafe, 
this inequality could only be removed by a lorce acting 
on the balance, which affuming dKFerent ratios in its 
difTercnt Itagcs, could counterbalance that inequality. 
This very material and important remedy, Mr. Mudge 
has cfteifled by the conlliudion of his Scapement ; lor 
his pallet fprings having a force capable of being in- 
creafed alrnoll at pleafiue, at the commencement of 
every vibration, the proportion in their different de- 
grees of tenfion may be altered till It aufwers the in- 
tended purpofe. This fliews how effcdually Mr. 
Madge’s Scapement removes the two greatell difficul- 
ties that have hitherto baffled tlie attempts of every 
other art ill, namely, the inequalities of the power de- 
rived from the main fpring, and the irregularities ailf- 
ing from frldlion, and tbe variable refillance of the 
medium in which the balance moves. Although at the 
time I am writing this account of his invention, the 
machine is not yet fmilhed ; I am not the lefs confident 
that whenever it is, it will be found to be one of the 
mod ufefiil of any which has as yet appeared.” 

SCARP, in Fortification, the interior flope of the 
ditch of a place ; that is, the Hope of that fide of a 
ditch which is next to the place, or on the outfide of 
the rampart nt its foot, facing the ch.impaign or open 
country. The Hope on the outer lidc of the ditch is 
called the counterfearp, 

SCENOGRAPH V, in Perfpefllve, the pcffpeSivc 
reprefentation of a body on a plane ; or a defeription 
and view of It in all its parts and dimenfions, fuch as it 
appears to the eye in any oblique view. 

This differs effentially from the ichnography and the 
i)rthography. The ichnography of a building, &c, re- 
prefents the plan or ground work ot the building, or 
ledion parallel to it; and the orthography the eleva- 
tion, or front, or one fide, alfo In its natural dimen- 
fions ; but the Scenography exhibits the whole of the 
building that appears to the eye, front, fides, height, 
and alC not in their real dimenfions or extent, but 
raifed on the geometrical plan in perfpedive. 

In architedure and fortification, Sccnograpjiy isthe 
manner of delineating the fcveral parts of a building or 
fortrefs, as they ai c reprefented in perfpedive. 

To fxh'tbit the ScENOGRAPHY of any body, i. Lay 
down the bafis, ground-plot, or plan, of the body, in 
the perfpedive ichnography, that is, draw the perfpec- 


tive appearance of the plan or bafement, by the proper 
rules of perfpedive. 2, Upon the feVeral points of the 
faid perfpedive plan, raife the perfpedive heights, and 
conned the tops of them by the proper flope or oblique 
lines. So will the Scenography of the body be completed, 
when a proper (hade is added. See Perji’toti vr. 

SCHEINER (Christopher), a con fiderablc Ger- 
man mailicmatician and allronomer, was born at Mun- 
deillieiin in Scluvaben in 1575. He cntcre<l into tl'e 
foclety of the Jefiilts at 20 years of age ; and afterw.irck 
taught the Hebu'w tongue and tlie niaihematies at !:i- 
gollladt, Filburpr, Brilac, and Rome. At Length he 
became con feflbr to the aichduke ClnrltR, and uctor 
of tlie college of the Jefuits at Nciffe in Silclia, wluia* 
he died in 16^' o, at 75 years of age. 

Scheiner was chiefly remaikable for being Oiie of the 
flrfl wlio obferveil the Ipots in the fun with the teleft opr, 
though not the very firfl ; for his obfervations oft hoi:; 
fpots. were firfl made, at Ingolftadt, in the latter pait 
of the 5car 1611, whereas Galileo and Harriot both 
obferved them in the latter pait of the )ear before, ( r 
1610. Scheiner continued liis obfervations on the folar 
phenvunena for many years afterwards at Rome, with 
great affiduity and accuracy, conllantly making diawings 
of them Oil paper, deferlhing tlieir places, figures, mag- 
nitude, revolutions and periods, fo that Riccioll delivertd 
it as his opinion that there was little reafon to hope for 
any better obfervations of thofe fpots. Dcs Caitcs ai:d 
Hevelius alfo fay, that in their judgment, m'thing can 
be expe£lcd of that kind more fatisfadory. Thefe ob- 
fervations were publifhcd in one volume folio, 1630, 
under the title of Rofa Urjma^ &c ; almofl every page 
of which is adorned with an image of the fun with the 
fpots. He wrote alfo feveral fmaller pieces relating to 
mathematics and pliilofophy, the principal of which are, 

2. OculuSy five Fundammtum Opticum, } which 
wasieprinted at London, in 1652, in 4to. 

3. Sol Echpilcus^ jyifquijitiones Mathematics, 

4. De Controverfiiis et Novilatibus Ajlronomtns, 

SCHEME, a draught or reprefentation of any geo- 
metrical or aftronomical figure, or problem, by lines 
fenfible to the eye ; or of the celeftial bodies in their 
proper places for any moment ; otlierwile called a 
diagram. 

Scheme Arches, See Arch. 

SCHOLIUM, a note, remark, or annotation, oc- 
calionally made on fome paffage, propofition, or the 
like. 

The term is much ufej in geometry, and other parts 
of the mathematics ; wffierc, after demonftrating a pro- 
pofition, it is ufed to point out how it might be done 
fome other way ; or to give fome advice or precaution, 
in order to prevent millakes ; or to add fome particular 
ufe or application of it. 

WolHus has given abundance of curious and iifcful 
arts and methods, and a good part of the modern philo- 
fophy, with the defeription of mathematical inftruments, 
&c ; all by way of Scholia to the refpedive propofition® 
in his Elementa Mathefeos, 

SCHONER (Jdhm), a noted German philofo- 
pher and mathematician, was born at CarololUdt in 
the year 1477, and died in 1547, at 70 years of 
age. — Hi? early propenfity to ilioic fdenccs may he 
deemed a juft prognoflication of the great 
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which he aftervrarda made in them. So that from his 
uncommon acquimnentf, he was chofen mathematical 
proreffor at Nurcml)urg when he was bnt a young man. 
He wrote a great many works, and was particulnily 
fanm^-for-his’ aftronomfcal tables, wliich lie piiblifhed 
a manner of tliofe of Regiomon'anus, and to 
wh1l||l|»e gave tlie title of RefiAuta^ on account of their 
clcarnefs. But notw ithflanding Ins great kmmlcdge, 
he was, after the fafhinn of the times, mucli addi^led 
to jiulieinl rdlrology, which he took great pains to im- 
prove. Tlie lift ofhi': writings is chiefly as follows : 

j. 'rhicc Books of Judieial Aftiology. 

2. 'I he Aflronomiearrablcs named Rcfdutt, 

3. Ufu Ghhi SttJhf.ri y De Coml-ofit'onf GJohl 
Crlfih ; De Uju Gloli Terrejltisf ct Ae CLinpnfilwne 
tjiJ.Dii 

. Jl'.qu'i ^nr 'utm AJlrounm unu 

5 . IaIiAIu^ Ae DtAt;?}!iis J^ocoritm per Jnjlrumentum et 
Ku tut os 

6 . De CotnpofUiutte 'TorqtLtu 

7. hi CorfltuflwtKvi tt Ufutn ReRati^uU five RuAA 
/lj}t orif m V i An n otationes. 

8. Hjrar 'u Cy/inAri Catwrirs. 

9 . PlatAfjA'ariumy feu Metccrifiojium, 

10 . Or^anum Urumaint. 

11. Ittjirtimetdu'n Impedhnentnrum Luns* 

All printed at Nnremburg, in folio, 1551. 

Of thcfc, tije large treatiCe of dialling rendered him 
more known in the learned world than all his other 
woiks hefides; in whicli he difeovers a furprifing genius 
and tund of learning of that kind. 

SCHOOL, a place where tlic languages, Immanities, 
or arts and feienees, &c, are taught. 

School is alfo iifcd for a v/liole faculty, nniverfity, 
or fc6l ; as Plato’s fchool, the fchool of Epicurus, tlic 
fcliool of Paris, &c. — The fchool of Tiberias was famous 
among the ancient Jews j and it is to this we owe the 
Maffora, and MalTorctes. 

School Ph'Aofofjhy^ he, the fame with fchoJaJlic, 

uClAGRAPliY, or Sciography, the profile or 
vntical fedfion of a building j ufed to Ihcw the infide 
of ir, 

Sciagraphy, in Aflronomy &c, is a term ufed by 
fome authors for the art of finding the hour oftlie day 
or night, by the fhaJow of the fun, moon, flars, kc» 
fiec Dial. 

SCIENCE, a clear and certain knowledge of any 
thing, founded on demonflralion, or on fclf evident 
principles. — In this fenfe, doubting is oppofed to fcicnce ; 
and opinion is the middle between the two. 

SciENCF is more particularly ufed for a formed fyflem 
of any branch of knowledge, comprehending tlie doc- 
[line, rcafon, and theory of the thing, without any 
immediate application ofitto any ufes or offices of life. 
And in this fenfe, the word is ufed in oppofition to 
art. 

Science may he divided intothefe three forts : Firft, 
the knowledge of things, their conftitiitlons, properties, 
and operations, whether material or immaterial. And 
tins, in a little more enlarged fenfe 5 F the word, may 
he called phylics, or natural philofopby. Secondly, the 
ikill of rightly applying our own powers and anions 
lor the attainment of good and ufrful things, as Ethics* 
Thirdly,' tiie dptflrinc of ffgoa i as wofd«i logic, he* 


' SCIENTIFIC, or Scientifical^ /omething fc* 
latin^^ to the pure and fublirncr fcIcnces ; Or that abounds 
in fcience, or knowledge. 

A work, or method, &c, is faid to be fci^ntiffcal, 
when it is founded on the pure rcafon of things, or 
conduded wholly on the principles of them. In which 
fenfe the word Hands oppoftd to narrative, arbitrary, 
opluioiiative, pofitlvc, ttutative, he* 

SCIOPriC, or SciOFTRic Pa]U a fphere or globe 
of wood, with a circular liule or peifoiation, where a 
lens is placed. It is fo ftttd that, like the c}e of an 
animal, it may be turned round every way, to be ufed 
in makirig experiments of the darkeind 100m. 

SCIOPTRICS. Sec Camera Or.scuRA. 

SCIorHER ICUM TAfcopiutn, is an hoilzontil 
dial, adapted with a leltfeope for obferving the tme 
time botlj by day and night, to regulate and adjuff pen- 
dulum clocks, watelics, and other timc-kc'epeis. It 
was invented by Mr. Moljneiix, wlio publiflud a 
book W'ilh tliis title, whieli contains an accurate de- 
Icription of tin's indrumenr, with all its ufes and ap- 
plications. 

SCLEROTICA, oneof the common membranes of 
the eye, on its hinder part. It is a large, thick, firm, 
bard, opaque mcmbiane, extended from the external 
circumference of the cornea to tlie optic nerve, and 
forms much the greater part of the external globe of the 
eye. The Sclerotica and the cornea compofe the cafe 
in which all the intcinal coats of the eye and its humours 
are contained. 

SCONCEvS, fmall forts, built for the defence of 
fome pafs, river, or other place. Some Sconces are 
made regular, of four, five, or fix bafflons ; others arc 
of fmaller dimenfions, fit for pafles, or rivers; and others 
for the field. 

SCORE, in Mufic, denotes partition, or the original 
draught of the whole compofition, in which ihcfeveral 
p.irtrt, viz the treble, fccond treble, bafs, he, are 
dlllindly fcored, and marked. 

SCORPIO, the Scorpion, the Rth fign of tlie zodiac, 
'denoted by the chara6Ier iq, being a ludc defign of 
the animal of that name. 

The Greeks, who w’onid be fuppofed the Inventors of 
aftronomy, and who have, with that inttnt, fathered 
fome fiory or other of their own upon every one of the 
con rtellal ions, give a very fingular account of the origin 
of this one. T’hey tell us that this is the creature which 
killed Orion. Tlic fiory goes, that the famous Kunter 
of titat name boafied to Diana and Laiona, that he 
w’ould defiroy every animal that was upon the cartli ; 
the (.arth, they fay, cm aged at this, fent forth the 
poifonous reptile the Scoiplon, which infignificant 
creature filing him, that he died. Jupiter, they fay, 
raifed the Scorpion to the lieavens, giving him this place 
among the conficllations ; and that afterwards Diana 
requefled of him to do the fame honour to Orion, which 
he at lafi confcnled to, but placed him in fuch a fituation, 
that when the Scorpion rifes, he fets. 

But the Egyptians, or whatever early nation it" was 
that framed tlie zodiac, probably placed this poifonous 
reptile in that junt of the heavens to denote that when 
the fun arrived at it, fevers and fickncffes, the maladies 
ofautumn, would begin to lagc. This they reprefented 
by an animal whufc lling was of power to occafion forne 
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of tK’m ; and it was thus they formed til the conflcl- 

lations. 

• The ancients allotted one of the twelve principal 
among their deities to Ik* the guardian for each of the 
j 2 of the /.odiuc. The Scorpion, as their hiflory 
ot it made it a ficrte and fatal animal that had killed the 
great Oilon, fell naturally to the proteOion of the god 
of vear; Mo*', is therefore its tutelary deity; and to 
this cliciim'lancc is owing all thatjaigori of the 

allroluj',cis wlu) tell us tint there Is a great analogy 
htLween the planet Mats nnd the conllellation llorpio. 
Tv) this alfo IS owing- tin doidrinc of the alcliyuiids, 
tli.it lion, which they call iMarb, is aI(o under the do- 
minion of the fame condellation, and tint tin. tranfiiui- 
talion of that metal into gold can only be perfunned 
wlicn the fun is in tins iigp. 

Tlie liars in Scorpio, in Pt<-!omy^s catalogue, ai:v 
24; in tliat of Tycho 10, in that of Hcvelius 20, bat 
ill that of Flamflocd and Sharp 4 

SeoiuMON is alfo the name of an ancient mllltaiy 
engine, uftd chii (ly in the defence of walls, kc* 

i\J Ji'celliniis dclerihes the Scuipion, as confiding of 
two beams bound together by ropts# Fiom the middle 
ol the two, rofe a thiid beam, fo diTpofcd, as to be 
pulled up and let down at pleafnre ; and on the top of 
this were fadened iion hooks, where a fling was hung, 

, eiilicr of iron or hemp ; and under the third beam lay a 

f uece of hair-cloth full of chalF, tied v\ith cords. It 
lad its name Scorpio, becaufe when the long bc.ain 
or tiller was ereded, it had a lharp top in manner of -a 

io ufe'thc engine, a lonnd done was put into tlw! 
fling, nnd four perfons on each fde, loofening the beams 
bound by the ropes, diew back the ered beam to the 
hook; then' the engineer, daiuling on aii eminence, 
gave a flroke with a hammer on the chord to which the 
beam was fadened with its book, which ftt It at liberty; 
lo that hitting againft the foft hair-cloth, it diuck out 
the done with a great force. 

SCOTIA, in Aichitediire, a femicircular cavity 
channel between the tores, in the bafes of columns; and 
lometimes under the larmier or diip, in the cornice of 
the Doilc order. The workmen often call it theCafe- 
inent, and it is alfo otherwile called the Trochilus, 
SCREW, or ScRUE, one of the fix mechanical 
powers; chiedy u fed in preffiiig or fqucc/ing bodies 
clofe, tliough fometimes alfo in railing weights. 

The Screw is a fpiral thread or groove cut round a 
cylinder, and everywhere making tne fame angle with 
the length of it. So that, if the furface of the cylinder, 
with this fpiral thread upon it, were unfolded and 
ilretched into a plane, the fpiral thread would form a 
ftralght inclined plane, whofe length would be to its 
height, as the circumference of the cylinder is to the 
diftance between two threads of the Screw ; as is evident 
by conddering, that in making one round, the fpiral 
rifes along the cylinder the diftance between the two 
jthjeads. 

Hence the threads of a Screw may be traced upon 
the fmooth furface of a cylinder thus : Cut a iheet of 
paper into the form of a right-angled triangle, having 
its bafe to its height in the above proportion, vix, as 
the circumference of the cylinder of the Screw is to the 
intended diftance between two threads 5 then wrap this 
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’ paper triangle riboiTt the cylinder, and the hypothenafe 
of it will trace out the line of the fpiral thread. 

When tlie fpiral thread is upon the outfleie of a rylift, 
der, the Screw Is faid lo be a ma/tf one. But if tiic 
thread be tUt along the inner furface of a hollow q|i|Rler, 
or a round pei-foration, it is faid to be 
this latter is alfo fometimes called tbe /’ux or 

When molion Is to be given to fomctliing, the mal* 
aivl female Sciew arc nccefTirily coiijoined ; th.it i", 
whenever the IcrCvV Is to he ufed hh fnn; V engine, ri- 
mechanieil pov\ei. B t when joined wuh an m 
pcirtrochi(», tlieie Is no occafion l( r a female; but 1,1 
tlirit cdfe it becomes pait of a eo’ri pound engine. 

ThcScu w caj'iiut piepeilylc cvilled a liniplernachuK*, 
bcciMfc it IS never ufeil uiifiont the app.licaiion ot e 
Icier, or iviiieh, to afliH in turning it. 

Oj'//>i: Force ond Fozvcr of tht hereto* 

I. TIk' force of a power applied to tutu a Scie.v 
round, i> to the force widi whn h if prelF.’s npwaid' o'; 
{lown^^nub, lefting afidc the friction, as tlic dillcuiiA 
between two t!ircadi> is to the circumftiencc wluuiiiC 
power is applied. 

For, the Screw being only an inclined plane, 01 I alf 
wedge, whofe height is the diftance between twothrea( 
and its bafe the faid circumfcience ; and the fmec in 
the horizontal direction being to that in the vertical our 
as the lines perpendicular to them, viz, as the lieiglit 
of the plane, or diftance of the two threads, is to the 
bafe of the plane, or cireiimftrence at the place wluie 
the power is applied; therefoie the power is to ilic 
prtflwie, as the diftance of two threads, is to that cii- 
cumference- 

2- Hence, when the Screw is put in motion ; theii 
the power is to the weight which wmuld keep it in 
cqullibrio, as the velocity of the latter is to that of the 
former. And hence their two momenta are eqa.l, 
which are produced by multiplying each weight 
power by its own velocity. Two dift'acat forms of 
iScrew preiRs, are as below. 


A 



3. Hence we can eafily compute the force of anf 
machine turned by a Screw. Let the annexed 
reprefent a prefs driven by a Screw, whofe threads arc 
each a quarter of an inch afunder ; and let the Screv 
be turned by a handle of 4 feet long from C to ^ 
if the natuxil force of a man^ by which he can j 
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pwir, or draw, lie i poundji \ and it be required to 
determine with what force the Screw will prefs on the 
boaid, wlien the man turns the handle at C and D with 
his wliolc force. The diameter CD of the power bcingf 
4 feet, or 48 inchesy its circumference is 48 X 3*1416 
or nearly ; and the diftance of the threads being 

of j n inch ; tliereforc the power is to the preflTure, as 
^ to 1 <fot or as i to 603^ : but the power is equal to 
1 ;olb ; therefore as i •, 6034- : r 1 50 : 90,480 ; and 
confeqMcntly the prefluie at the bottom of the Sciew, 
is equal to a welglit of 90,/* 8:) pounds, independent of 
fir(5\ion. 

But the- power has to overcome, not only the weight, 
or other rclillancc, but alio the fridion of the Screw, 
which in this machine is very great, in lome cafes equal 
to the weight itlelf, fince it is fometlnus fufiicient to 
fullain the weight, when the power is taken off. 

Mr. Hunter has deferibed a new method of applying 
the Strew with advantage in particular cafes, in the 
i^hHof 'I'ranf. vol. 71, pa. 58 6cc. 

7 he EvdLf^ StREW, or Ptrpeiunl Screw, is one 
wliirh woiksin, and turns, a dented uhetl 1)K, witliout 
a concave or female Scicvv; being fo called hec.aufe it 
may Le turned for c\e?, without coming lo an end. 
From the following fehemes it is evident, that while 
the wScrew turns once round, the W’licel only advances 
thfdillance of one toothr 



T, If the power applied to the lever, or handle, of 
3n endicfs Screw AD, be to the weight, in a ratio 
compounded of the peiiphery of the axis of the wheel 
DM, to the periphery deferibed by the power in turning 
the handle, and of the revc^lutions of the wheel 1)F to 
the revolutions of the Screw' CD, the power will balance 
the weight. Hence, 

2. As the motion of the w'heel is very flow, a fmall 
power may raife a very great w'eight, by means of an 
cndlefs Screw, And therefore the chief ufe of fuch a 
Screw is, either where a great w'elght is to be railed 
through a little fpace ; or where only a flow gentle 
motion is wanted. For which rcafon it is very uftful 
in clocks and watches, 

3. Having given the number of teeth, the diftance 
of tlie pow'er from the centre of the vSerew D, the radius 
of the axis HK, and the pow'er ; to find the w’cgbt it 
will raife. M\jltiply the diftance of the power from the 
centre of the Screw AB, by the number of the teeth, 
and thcprodutl will be the (pace pafTed through by tlic 
power, while 'the weight paftea through a fpace equal 
to the jferipheVy of the axis : tlxm fay, as the radius of 


the axis is to the fpace of the power juft found, fo ?s 
the power to a 4th proportbnal, which will be tl c 
weight the power is able to fuftain. Thus, if AD rr 3, 
the radius ofthe axis HE = 1, tbc pow'ei 150 pounds, 
and the number of toetli of tie: wheel 1)F 48 ; tfen il-.: 
W'eight will be found = 2J/)CO 3 X 150 X 
Whence it appears that the endlefs Screw exceeds ail 
others in increafing the force of a power. 

4. A machine tor Ihcwing the power of the Screw 
may be contrived in the following in inner, Iwr tiu* 
w heel C (lall lig ) have a Sciew fj f> on its aslj, woi kiiig 
in the teeth of the wheel D, whicli rnjijiofe to be g8 
in number. It is plnin that for cveiy rcvc'lutiun of the 
W'heel C, and Screw by the winih A, the wheel D 
will be moved one tooth by the Screw; and thertforo 
in 48 revolutions of the winch, the wdiecl D W’lll be 
turned once round. Then if the circumfeiencc of a 
ciicle, deferibed by the handle ofthe winch, be equal 
to the circumfeiencc of a groove c round the wheel 1), 
the velocity of the handle will be 48 times as great as 
the velocity of any given point In the gioove. Conic - 
rpiently when a line G goes round the groove e, niul 
has a weight of 48!!) hung 10 it below ibc pedi Ibil h'.F, 
a pow'er equal to one pound at the handle will balance 
and fuppoit the weight. 

jirchimeiled i ScRiiw, is a fjiirnl pump, being a ma« 
oil inc for raifing water, full Invented by Arciilmedes. 

Its ftnidme and life w'ill be underftood by the fob 
lowiiig defc.'iplion of it. 

ABCD (hi. xxiii, fig. 6) is a whcil, w'hicb is turned 
round, according to tbe order of ihofc lettei'^, by tbc 
fall of w’ater I F, winch need not be more than 3 feet. 
'I'he axis (J of the wheel is laifed fo as to make an angle 
of about with the hori/.on ; and on the top of that 
axle is a wheel II, which turns fuch another wheel I (>f 
the fame number of teeth ; the axle K of ihislaft wdietl 
being parallel to the axle G of the two former wlieci ■. 
The axle G is cut into a double tl.rcaded Screw, as 
in the annexed figure (hg. 7), exacidly releinhllng the 
Screw on the axis of the fly of a common jack, whiJi 
muft be w'hat is called a right-handed Sciew, if the fii (I 
wheel turns in the dire^lion ADCl); hut a iLft-handcd 
Screw, if the ftieam tuins the wind tlie coiitiary w.i\ ; 
and the Sciew on the axle G mull be cut in a cijutiary 
w’ay lothat on the axle becaiifc tluie axles linn in 
contrary dircdlions. Thcfe Screw's mull be coveicd 
clofc over itb boards, like tlielc of a cyliridnh al cafli ; 
and then they will br fpiral tubes. Oi thi) nriy be 
made of tubes or pipes of lead, anrl wjapt lound the 
axUs in ftudlow grooves cut in it, like the hgure 8, 
The lower end ofthe axle G linns eonllaiuly in the 
llream that turns the wheel, and tlie lower ends of tlnj 
fpiral tubes are open inti> the water. So that, as the 
wheel and axle arc turned round, the water nTes lu the 
fpiral tuber, and runs out at I. througli tbc holes M, 
In', as they come about below the axle. Tiufe ludcs, 
of wliich there may be any number, as 4 or 6, are in 
a broad clofc ring on the tiqi of the axle, into which 
ling the water is delivered from the upper open ends of 
the Screw tubes, and iallsir to the open box K. Tlie 
lower end of the axle K turns on a gudgeon in the w'atu' 
in N; and the fpiial tubes in that axle idke upthe wittr 
from N, and deliver it into anotlicr fuch box under 
the top of K. r on which there may be fuch ano her 

wheel 
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Mfhcel «5 T, to turn jt third axle by fucti a wheel upon 
It. And In this manner may water be ralfed to any 
propofed height, when there Is a ft ream fiifficient for 
that purpofe to adl on the broad float boards of the firft 
wheel. Archlmtdes’ij Screw, ora lliil fimpler form of 
it, is alfo repjcfeiilccl in fig. 9. 

SCROLLS, or Scrowl*?, or VoUtet^ a term in 
Archite'‘hire. See Volutes. 

SCRUK. See .ScRFW. 

SCRUPLE, the l.aft of the weights ufed by the 
ancients. Arnon); the Romans it w.jsthe 24th pait of 
a i ounce, 01 the thir I part of a 'hw hm. 

Scruple is (Idl a hnall wugh? among 11s, cqimlto 
io grams, or the y\ part of a drachm. Among gold* 
Irniths the fcruple is 24 grains. 

Scrupl\, in Chronology, a Imall portion of time 
much ufed by the Chaldea ivi, Jews, Aiabs, and other 
cafttrn people, in computations of time. It is the 
1080th part of aa hour, and by the Hebrews called 
h tin kin* 

Scruples, In Aftronomy, As 

Scruples EcUpfud^ denote that part of the moon’s 
diameter which enters the fh.idow, exnreficd in the lame 
nuMfurc In which the apparent diameter of the moon is 
cxprefhd See Digit. 

ScRUi*r-CS nf Half Dunillony an arch of the moon’s 
01 hit, which the moon’s centre deferibes fiom the be- 
ginning of fill eclipfe to its middle. 

SoKiJTi hh of immerjionf or Incitltrirt, anarch of tho^ 
moon’s orbit, which her centie deferibes from the be- 
ginning of the '.clipfe, to the time when the centre falls 
into the fliadow. See Immersion. 

Scruples of Evurfoiu anarch of the moon’s orbit, 
width her centre dt'icnl)C 3 in the time from the firlt 
cineifiim of the moon’s limh, to the end of the eclipfe. 

bCV’rAlwA, ill Mechanicfi, a term which fume 
writers ufe for a kind of radius, or fpoke, {landing out 
fiom the axis ofa maeldne, asa lever or handle, to turn 
it round, and woik it by. 

SEA, in Geography, is frequently uled for that vaft 
tra^f of water eiicompaffing the whole earth, more 
propcily called ocean, lint 

Sea is nioie properly ufed for a particular part or 
dlvifion of the ocean, denominated from the countries 
it walhts, or from other circumftanees. I'hus we fay, 
the Irilh fca, the Mediterranean fea, the Baltic fea, 
the Red fca, S:c. 

Sea among failors Is varloufly applied, to a finglc 
wave, or to the agitation produced by a multitude of 
waves in a tempeil, or to their particular progrefs and 
direddion. Thus they fay, a heavy fea broke over our 
quarter, or vve (hipped a heavy fea ; there is a great 
fea in the offing ; the fea fete to the fouthward. Hence 
a ihip Is Lid to head the fea, w’hcn her courfe is oppofed 
to the fetting or direftion of the furges. A Long Sea 
implies a fteady and uniform motion of long and cx 4 
tenfive waves. On the contrary, a Short Sea is when 
they run irregularly, broken, and interrupted, fo as 
frequently to burft over a vefl’cl’s fide or quarter. 

Properties and Affections of the Sea, 

X. General Motion of the Sea* M, Daflie of Paris, 
in a work long fince publilhed, has been at great pains 
o , ^ 


to prove that the Sea has a general motion, independeftt 
of winds and tides, and of more confequence in ntvi.. 
gallon tlian is ufually fuppofed. He affirms that this 
motion is from eaft to well, inclining toward the noith 
W'hen the fun Is on the north fide of .the equiiiodial, 
but toward the fouih when he is on the fouth fide of it. 
Philof. Tranf. No. 1 35, 

2. Bafon or BoHoni of the SfA, or Funifn^ Maris y a 
term ufed to expreffi the bill or bottom of tliO ffu in 
general. Mr. Boyle has publifiied a treatife on tins 
lubjefl, in which he has given an account of its it re* 
gnlarities and various depths founded o.i the obferva 
lions communicated to him by mariners. 

Count Marfigli has, fince his time, given a much 
fullcT account of this part of the globe. The matcrl* 
als which compofe the bottom of the S^a, may reaion- 
ably be fuppofed, in fome degree, to influence the tailc 
of itsw'atcrs; and this au’h>r has made many expcii- 
ments to prove that foffil coal, and other bitiiinhious 
fuhftances, which are found in plenty at the bottom of 
the Sea, may communicate in great pait its bitternefs 
to it. 

It is a gcneial rule among failois, and is found to 
hold tiue in many lnllancf' 3 , that the more the fhoics 
of any plate arc deep and higli, forming perpendicular 
dills, the deeper the Sea is bdow ; and that on the 
contiary, level fiioies denote fliallow Seas. 'Rhus the 
cleepell pait of the Meditenancan is generally allowed 
to he under the height of Malta. And the obfervation 
of theilrataof earth and other foflils, on and near the 
fliorcs, may ferve to foim a good judgment as to the 
nuteii.ils to be found in its bottom. For the veins of 
fait and of bitumen doubtlcfs uin on the fame, and in 
the fame oider, as we fee them at land ; and the llrata 
of rocks that ferve to fupport the earth of hills and 
elevated places on fliore, ferve alfo, in the fame conti- 
nued chain, to fupport the. immenfe quantity of water 
in the bafon of the Sea, 

The coral filherics have given occafion to obferve 
that there are many, and thofe very large caverns or 
hollows in the bottom of the Sea, efpecially where it is 
rocky ; and that the like caverns are fometimes found 
in the pirpendiculai rucks wdiich form the llcep fidcs ol 
thofc fdherits. Tliele caverns arc often of great deptli, 
as well as extent, and have fometimes w’ide mouths, 
and fomttlmcs only narrow entrances into large andlpa- 
cious hol]o\vs. 

The bottom of the Sea is covered with a variety of 
matters, fuch as could not be imagined by any but lliofe 
who have examined into it, efpecially in deep water, 
where the fur face only is difturbed by tides and florins, 
the lower part, and confequcntly its bed at the bottom, 
remaining for ages perhaps undillurbcd. The found- 
ings, when tlie plummet lirfl touches the ground on 
approaching the fliores, give fome idea of this. 1 he 
bottom of the plummet is l‘''!lo’''ed, .'lud in that IioHjW 
there Is placed a lump of tallow ; \\h;ch being the p ut 
that liill touches the ground, the foft nature of the tat 
receives into it fome part of iliofe fubftances wlcch it 
meets with at the bottom: this matter, thus brought 
up, is fometimes [ u e fand, fonactimes a kind of la d 
made of the fragment of (hells, beaten to a lort ot 
pow'der, fometimes it is made of a like powder of the 
fcvcral forts of corals, and fomeiiniies it is conipnf''d 
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t)f of rocks j but bcfidc tbefe appearances, 

which are natural enough, aiwl are what might wtll be 
exptfted* it brings up fubftanrcs w|;iich are of the 
inofli beautiful colours. Marfigli Hift. Phyf.^dc la 
Mcr. 

Dr. Donati, in an Italian work, containing an cflTay 
towards a natural liiilory of the Adriatic Sea, printed 
at Venice {01750, has related many curious obferva- 
tions on tin's fiibjedt, ?ind which confirm the obferva- 
tions of Marfiglt : having carefully examined the foil 
and prodiK^ions of the various countries that furround 
l!ie Adriatic Sea, and compared them with thofe which 
l,e took up from the bottom of the Sea, he found that 
there is very little difference between the former and the 
litter. At the bottom of the water there are moun- 
lains, plains, vallies, and cavci n«, lirnilar to thole upon 
land. The foil confifis of dificrent Ibata placed one 
upon another, and moftiv parallel and correfpondont 
to tljofe of the rocks, jOands, and neighbouring con- 
tinents. They contain llonos of different fort.*, mine- 
inls, mctal-^, various putrefied bodies, pumice floncs, 
and lavas formed hv volcanos. 

One of the obiec'ds whicli moft excited his attention, 
was acriifl, which he difeovered under the water, com- 
pufed of cruOaceous and tcltaceous bodies, anjJ beds of 
polypes of different kinds, confufedly blended with 
ciith, fand, and gravel; the different marine bodies 
which form this Cl u(l, are found at the depth of afoot 
or more, entirely petrified and reduced into marlde ; 
iliife he fiippofes are naturally placed under the Sea 
vhen It covers them, and not by means of volcanos and 
earthquakes, as fome have conjeiftured. Cn this ac- 
count he imagines that the bottom of the Sea is con- 
iLintly riling higher and higher, with which other 
obvious caufes of increafe concur ; and from this nTing 
of the bottom of the Sea, that of its level or furf-ice 
naturally refults; in proof of which this writer recites 
a great number of fads. Philof. Tranf. vol. 
p.i. 585. 

3. Inminouftiefs of the Sea. This is a phenomenon 
that has been noticed by many nautical and philofoplii- 
eal writers. Mr. 13 oylc aferibes it to fome cofmical 
laworcudom of tlic tcrrcflrial globe, oratlcaft of ilie 
I^hnetary \ortex. 

Father Pourzes, in his voyage to the Indie.s in 
t ;04, took particular notice of this phenomenon, and 
'uy minutely deferibts It, without afligning the true 
caufe, 

Tlie Abbe Nollet was long of opinion, that the light 
the Sea proceeded from cledricity ; and others 
ha/e had recourfe to the fame principle, and fhcwu 
that the luminous points in the furfaec ot the Sea aie 
produced merely by fridion. 

^I'here are however two other hypothefes, which 
hroc more generally divided between them the folutiou 
tin's phenomenon ; the one of thefe aferibes it to 
^le fhining of luminous infeds or animalcules, and the 
‘ thcr to the light proceeding from the putrefadtloH 
animal fubftances. The Abbe Nollct, who at full 
t'onlidcrtd tin's luminoufntTs as an tledrical phcnomc- 
having had an opportunity of obferving the c.r- 
^^'^mftances of it, when he was at Venice in 17^9? rc- 
lliquifhcd his former opinion, and concluded that it 
occaiioned cither by the luminous afped, or by 
V^u IL 


fome liquor or effluvia of an infed which he parti- 
cuUrly (leferibes, though he does not altogether ex* 
elude other caufes, and cfpecially the fpawn or fry 
of fifh. 

The fame liypothefls hnd alfo occurred to M, Via- 
nclli ; and both lie and (Tilzellint, a phyfician in Ve- 
nice, have given drawings of the infeds fiorn 'which 
they imagined this light to proceed. 

A fiinihr coiijedurc is propofed by a correlpqndent 
of Dr. Fi-anklin, in a letter read at the ROyaf Society 
in 1756; the v\ritcr of vihich apprehends, that this 
appearance may be caufed by a gicat number of 
little animals, floating on the An face of the Sen. And 
Mr. Forfler, in his account of a voyage lound the 
world with captain Cook, in the years 1772, 3, 4. 
and 5, deferibes this phenomenon as a kind of Ma/c rd* 
the Sta ; and, hiving altentiwly examined fnne (d'tlc 
fhining water, exprefl’es his couvidion that the .qrpear* 
ance was occafioncd by Innumerable miiuite animals of 
a round fliape, moving through the water in all dinc- 
tirms, which fhow fepLirately as fo many lumi'ious fp uki 
when taken up on the hand: he imagin^ii that thtfe 
fmall gelatinous luminous fpccks may be tlic young Ay 
of certain fpecics of fome medufse, or blubber. And 
M. Dagelat and M. Uigaud obferved feveial times, and 
in different parts of the ocean, fuch luminous appear- 
ances by vaft mafles of different auimalculc.s ; and a few 
days after the Sea was covered, near the coalt.i, with 
whole banks of fmall fifli in innumerable multitudes, 
wdiich they fuppofed had proceeded from the fliiniiig 
animalcules. 

But M. It* Roi, after giving much attenlion to this 
phenomenon, concludes that it is not oocalloncd by any 
fhining infeds, cfpecially as, after carefully examining 
willi a microfeope fome of lliC luminous points, ho 
found them to licve no appearance of an animal ; and 
he alfo found that the mixture of a little fpitit of w’iric 
with water juft drawn from the Sea, would give the 
appearance of a great number of little fpaiks, which 
w’ould continue vifible longer than thofe in the od'in : 
tlie fameefAd was produced ])y all the acids and vari- 
ous other lirpiors. M. le Roi is far from .dfeillng tliat 
there are no luminous infeds in tlie Sea; for he allows 
that feveral gentlemen have found them ; !)ut lie ir fat if- 
fied that the Sea is luminous chiefly on fome other ac- 
count, though he does not fo much as oda a conjcc.luic 
witli reTped to the tiuc caufe. 

Other authors, equally difTatisficd with tlie hypotliefia 
of luminous iured*^, for explaining tla* plunonuiion 
which is the fubjed of this auiele, have afenbed it to 
feme f ibftancc of the jdiofplioi ic kind, arifing fioni 
piarefvtion. The ubiervations of F. Aour/cs, aboic 
referred to, render it very probable, fliat the luminouf- 
ntls of the Sea arlA*'’ from llimy and otlur putrtfeent 
matter, with which it abounds, thougdi he dots not 
mention the tcndtucy to pntrcf.idion, as a circum- 
ftance of anyconrc(|ueiuc to the appeannee. But l!;c 
experiments of Mr. ('anton, which have the advantage 
of being cafily made, fetm to kave no room to doubt 
tliat the lumlnoufm fs of the Sea Is chiefly own'ng to 
piitrefadion. AruHiIs experiments confirm an obAr- 
vatioii of Sir John Pringle’s, that the ouantity of fait 
contained in Sea water halKns putrefadiem ; but fincc 
that prccife quantity of fait which promotes putic- 
3 1 fadio(i 
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Mion the mod, IS Icfs than that which is found in 
Sea-water, it is probable, Mr. Canton obferves, that 
if the Sen were lefs fait, it would be more luminous. 
Sec Phi)(»f. Tranf. vol. ^'9, pa. 446, and Franklm 8 
Exper. and Ob'-ci v. pa. 271.. 

Of the' Tic[:h ff ll.\ Sra, its Surfoccy 
What propoiiion the fupnficics of the Scu bears to 
that of t]:c lar.d, is n(.t aecmatcly known, thuujjjli it 
is faid tube fomevvIuL more than two to one. Thi.pro- 
poition c.r the luifaeo o!‘ the Sea to the land, haS 
been fcnml by i ,;Knt.K-nt tb.io : tnkino- printed 
paper map or coudn_4 (d a terrellriai p,lnb(*, with 
n p,i;rnftcinbr3 clip ..nt llic piiHS tlnit ate land, and 
tlioie that are water; then wei'.j’nmg thefc parcels fepa- 
rately in a pair of fine leales, tlie IinJ is found to be 
near's and the wak^r lathcr moie than I ot the whole. 

^ Wuh lejraid to the piofuiidity or d^pth of the Sei, 
Vareniii t .diitnv, that it n in foino phees unfatlioin- 
iible, and in otliers vciy various, being in cciiain plaees 
from -^tliof a mile to 4}. miles in depth, in otlier 
places deeper, hot much lefs in ba>s than m ocean:. 
In geiieirl, the depths of tlw Scubear a eoeat analogy 
to heiL’dit of mountains on the land, lo tar as is 
hithei to difcovered, ^ 

There are two fpecial reafons why the Sea doesn't 
incieafcby means of rivers, &c, running evciy wheie 
into it. Tlie firll is, becaufc waters return trom the 
Sea hy fublcrrnnc ui cavities and aqueJuftf., through va- 
rious paits of the earth. Secondly, bceaufe the quan- 
tity of vapoms raifed from the Sea, and falling in rain 
upon the land, only caufe a circulation of the water, 
but no increafe of it. It has been found by cxpcri- 
nunt and cnlculatiou, that in a fummer's day, there 
may be raifed in vapours trom the fuiface of the Medi- 
terranean Sea, 528 millions of tuns of water; and yet 
this Sea rcceivtth not, from all its nine great rivers, 
above 183 millions of tuns per day, which is but about 
a thiul part of what is exhaufted in vapours ; and thisde- 
in the fupply by tlie rivers, may ferve to account for 
the continual influx of a current by the mouth or llraits 
at Gibraltar. Indeed it is rather probable, that the 
waters of the Sea iufi'er a continual flow dccrejfe as to 
their quantity, by finking always deeper into the earth, 
by fikering tliroiigh the fiffuics in the llrata and com- 
ponent part?. 

SEASONS, certain portions or quarters ot the 
year, dillinguifhed by the flgns which the fun then 
inters. Open them depend the different tempera- 
tures of the air, different works in tillage, &c. 

The )ear la divided into four Scafons. fpiing, fum- 
mer, autumn, winter, which take their l>egiunings 
when the fun enters the firfl point of the figns Aries, 


day® are at the longcft, as at midfummer. WluTe 
the earth moves from "/y by D to £, our days continu- 
ally decreafe, by tlic north pole gradually declining 
from ibe fun, till at E or autumn thc7 become equal 
to the nights, or 12 hours long. Again, while the 
earth moves from E by A to F, the north pole becoiiu s 
always more and more involved in darkntfs, and tne 
days grow always fhorter, till at k or 0, when it is 
midwinter to the inhabitants of the northern hemi- 
fphere. Lalily, while tlie earth moves from 0 hy j’, 
to G, the nmtli part:; come more and moie out o:“ 
daiknef?, and tlie day. grow contiiiudly longer, till at 
G the two poles arc equally enlightened, and the d ivs 
equal to the nights again. And ib on continually year 
after year. 

SECANT, in Geometry, a line that cuts am^tlicr, 


vvlietlier right or curved ; ’^['lius 
the line PA or PB, is a Se- 
cant of the circle ABl), becaufc 
cutting- it in tlie point F, or G, 
<?cc. Pioperties of fn'-li Secants^ 
to the circle aie as follow ; 

1. Of kvci il Secantb PA, PB, 
PI), SiCf drawn fioin the fame 
point P, that uhicii pafle*! llirongh 
the centre C is the gieatcfl j and 
ftom thence they decreafe moic 



and more as they recede fltrthcr 

from the centre; viz. PB lefs than PA, and PD f 


than PB, and fo on, till they arrive at the tangent ai 


E, which is the limit of all the Secants. 

2, Ofthefe Secants, the external paits PF) PH, 
&c, are in the reverfe order, incrcaiing contimudly 
from F to E, the greater Secant having the lefs exter- 
nal part, and in fuch fort, that any Secant and itc 
external part are in reciprocal propoiiion, or the win le 
is reciprocally as its external part, and confcquent’y 
that the rcdangle of every Secant and its external pait 
is equal to a conftant quantity, viz, the fquarc of t!u' 
tangent. That is. 


* pp' 

or PA X PF 




PD X PH = P£h 


: PB X PG : 


3. The tangent PE is a mean proportional between 
any Secant and its external part ; as between PA and 
PF, or PB and PG, or PD and PH. &c. 

4. The angle DPB, formed by two Secants, is mca- 

fured by half the difference of its Inteicepted aics Db 
and GH. ' , 

Secant, in Trigonometiy, denotes a right hnc 
drawn from the centre of a circle, and, cutting the 
circumference, proceeds till it meets with a to 


Cancer, Libra, Capricorn. the fame circle. 

TheSeafons are very well illuftratedby fig. I, plate viii ; Thus, the line CD,' drawn, 
where the candle at I reprefents the fun in the centre, from the centre C, till it meets 
about which the earth moves in the ecliptic ABCD, the tangent BD, is called a Sc- 
which cuts the cqulno^lia] iU’cd in the two equinoxes E cant ; and particularly the Se- 
and G. When the earth is in thefc two points, it is evi- cant of the arc BE, to which 
dent that the fun equally illuminates both the poles, and CD is a tangent. In like man- 
makes the days and nights cqual^ all over the earth, ner, by producing DC to 

.But wdille the cm th moves from G by C to Vf , the up- meet the tangent Ad In d, then 

per or north pole becomes more and more enlightened, Cd, equal to CD, is the Secant 
the days become longer, and the nights fhorter ; fo of the arch AE which is the 

that when the earth is at or the fun at our fupplcmcnt of the arch BE, 
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tliat an atcli and its fupplcmcnl have their 8c* 
caQts equal, only the latter one is negative to the 
farmer, being drawn the contrary way. And thus 
the Secants in the 2cl and 3d quadrant are negative, 
while thofe in the iftand 4th quadrants arepofitive. 

The Secant Cl of the arc EF, whicli is the comple- 
ment of the former arch BE, is called the cofccant of 
BE, or the Secant of its complement. The cofecanis in 
the ill and ed quadrants arc affirmative, but in the 3d 
and 4th negalive, 

'I he Secant of an arc la reciprocally as the toline, 
nnd the colecant reciprocally as the fine ; or the rc(t\- 
nnplc of the Secant and cofine, and the leL'langle of 
tlio cofccant and fine, are c'icli equal to the fquaro of 
the radius. 

For CD : CE : : CB : CH, or/: r ; : r : r, 
and Cl : CK : ; CF ; CK, orcr : r ; : r : x ; 
and confcc[uenlly ; where r denotes tlie 

radius, s the line, c the cofiue, / the Secant, and <r 
the cofccant. 


An arc /z, to the radius r, being given, the Secant 
/. and cofccant cr, and their logarithms, or the logarith- 
mic Secant and cofccant, may be expreflVd in infinite 
Iciicb, as follows, viz. 


f — r p 


^ + 




24./* ■ 720/'S ■ 8.064/*^ 

I . ^-7^’ 


:=i — - 4- — 4- — -1, 

a 6 36or^ 151 20; 


604800/'° 

f == m X f ~ -f- 1 + * See.) 

^ z 12 4; 2^20 ' 


&c. 




: — 4 * w X [ -7- + — 7- 4* * 4 ; — — — 5 cc.) 

' 6 180 ' 2835 37800 


where m is the modulus of the fyflem of loira- 
vithms. 


S I- c A N T s , Ft^ntre of. See F i c u p. e </ Secmifs, 

SrcANTS, Line of . SeeSpcroR, and Scaij.. 

SECOND, in Geometry, or Aflronoiny, ^^'c, tlic 
feth part of a prime or minute : cither in the divilion 
of circles, or in the meafmc of time. Adcgicc, or an 
hour, are each divided into 60 minutes, marked 
’thus' ; a minute is fubdivided into 60 Seconds, marked 
thus " ; a Second into 6c thirds, marked thus ; &c. 

VVe fometimes fay a Second minute^ a third wiimfe, 
^c, but more ufually only Second^ third, See. 

The Seconds pendulum, or pciidiiliun that vibiatcs 
Seconds, in the latitude of London, i^ 3^^ inches long. 

SKCONDARY ClrcL's of the Krhptic, are circles 
^Hongltude of tlie liars; or elides which, palling 
through the poles of the ecliptic, arc at right angles 
to the ecliptic. 

By means of thefe Secondary circles, all points in 
the heavens arc referred to the ecliptic; that is, 
iiny ftar, planet, or other phenomenon, ia underllood 
to be in that point of the ecliptic, which is cut by 
the Secondary circle that pafles tlirough fuch fiar, &c. 

II tv\^o liars be thus referred to th^e fame point of 
^he ecliptic, they are faid to be in conjundion ; if in 
'^J^pofite point?, they arc in oppofition ; if thev aic 


referred to two points at a quadranl^a dlllancc, they 
arc faid to be in a quartilc afped , if the points dif- 
fer a 6th part of the ecliptic, they arc in iextilc at- 
ped, &c. 

in general, a'l circles that intcifed one of the Pinl 
greatcr^cirdcs of the Iphere at right ai'jdes, may be 
called Secondaiy ciulcs. As the nzinuilh oro-crtical 
ciidcs in lefped of the Iioiizon, ; the meridian in 
rtfpfd of the ccjiiator, Sjc. 

Secondary nv S itedltes, are thofe moving 
round other planets as the centres of their motion, and 
along with them loiind the fun. 

Sh.CTrON'rin Geonu.iry, denotes a fide or fur- 
face appealing of a body, ot figure, cut by an Min r; 
or^thc pi ice whete lincj, planes, cut each otla-r. 

Idle common Sedion of two planer is always a tight 
line ; being the line fnppofed to he diavvn by one plane 
in its cutting or entering the other. If a ij/hcrc he cut 
in any manner by a pi me, the figure of the Sed'.oii 
will be a circle ; alfo the common intcrEct ion of the 
fiirfaces of two fphercs, is the drcumfnence %f a 
ciidc ; and the two common Sod ions of tic' luificcs 
of a light cone and a fpheie, aie the cm Liiir.rciei’.ces of 
cirdes if the axis of the* cone pals through th.e centie 
of the fphere, otherwife not ; moreover, of the two 
common SecHons of a fpliere and a com*, whether 
right or oblique, if the one be a circle the other 
will be a circle alfo, othciwife not. See my Trads, 
trad 7, prop. 7, 8, 9. 

The Sedions of a cone by a plane, are five; vfz, a 
triangle, circle, dl'ole, hyperbola, and parabola. Sec 
each of thefe terms, as alio Conic Si ctioh, 

♦Sedions of Buildings and Bodies, Sic, arc either ver« 
tical, or horizontal, kc. The 

Vertical Section, or firnply the Section, of a 
building, denotes its piofilc, or a delineation of iu 
heights and deptfis raifed on the plan ; as if the fabric 
had been cut afimdcr by a vertical plane, to difeover 
the ii.liJe. And 

Hotl%vUal Si I'TiON is the ichiiography or ground 
plan, 01 a Sedion pa.aild to the hoiizon, 

SECT()K, of a Ciicle, is a portion of the circle 
conipia.hciKled between two radii 
and iheir included aic. Tims, 
the mixt tiiangle ABC, contain- 
ed between the two radii AC and 
BC, and the arc A B, is a ScAor 
of the circle. 

Tin Sccior of a circle, as ABC, 
is equal to a tiiangle, wliofe brie 
is the arc AB, and its altitude the 
radius AC or BC. And therefore the ladius bvi:i;y 
ell awn into the arc, half the pioJiiA gives the area. 

Siimliir Sectors, aic thole which hive cqvni anglei 
included between their radil^ 'rhi.fe are to each 
other as the fquares of their bounding aics, or as 
their whole circles. 

Sector alfo denotes a mathematical iiiliiumcin, 
which is of great ufe in geoiretiy', trigonometry, fiir- 
ve’yiug, 5 :c, in me.ifin ing and laying down and finding 
propoitioiial quantities of the lame kind : as bctwei u 
lines and lines, fuiface-sand Airfacei, ke i whence the 
Fiench call il tXxc eompeif of proporth iu 

3 1 2 'Tl;e 
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" The f^reat advantage of the Sedlor above the com- 
mon fcalcs, &c, that it is contrived fo as to fiiit all 
radii, and all fcdlcs. By the lines of chords, fines, 
&(:, (fn the b^dor, we have lines of chords, fines, &c, 
to any radius between the length and breadth of the 
Senior when open. 

Tiie Sector is founded on the 4ni propofition of the 
6 th book of Kiiclid ; where it is demon lira ted, that 
fimilai triangles have their like fides proportional. An 
hlea of t le theoiy of its condruiEtiun may be conceiv- 
ed thiiF. Let the IIik.r AB, AC 
r<-preftnt the legs of the Senior ; V ' ' 

and AI), AK, two equal ie<Itionj \ A 

fu'in -the centre: tnen if the \ / 

points BC and DE be coni.tCod, ^ 

the liiK BC end DC will fn. pa- ' / 

r.illel ; tht-MTure the tiianghs \ ! 

ABC, A DC will he fi nil.ir, ^ 

a id conCq'iently the fides A 15 , ^ 

BC, Al\ Die proportional, tti it 

i<, as AB : bC : : AD ; DC ; fo tint if AD Ik the 
hall’, 3d, or ^th part of AB, then DC wl!ll)> a hall, 
3d, or 4^h put of BC : ai'.d tlie hunc hi/als ot all the 
rcil. Hence, if 1 )E be the clii/ul, fine or tangent, 
of any aie, or of any number of degree^., to the ladiiis 
AD, ifien BC will betlie fame to the i.idius AB. 

The Sedor, it is fuppofed, was the invention of 
(hiido BaMo or Ubnldo, about the year 1568. The 
full printed account of it was In M84, by Gafpar 
Mordentc at Antwerp, who Indeed fays that his bro- 
ther Ihibrleins Mordentc invented it, in the year I5(;4. 
It was next treated of by Daniel Speckle, at Strafoiirgh, 
in 1589J after that by Dr. Thomas Hood, at Lon- 
don, in 159H: and aftei wards by many other writers 
on praii'bical geometry, In all the nations of Kuiope. 

Dcfcnpt'ion of the Sector, This inllrument con- 
fills of two rules or legs, the longer the better, made 
of box, or ivory, or brafs, &c, reprefenting ibc radii, 
moveable round an axis or joint, tlie middle of which 
reprefents tire centie; fiom whence fevcral fcalcs arc 
drawn on the facts. See the fig. i, plate xxvi. 

The feales ufually ht upon Stflms, may be dltlin* 
guillied into fingle and double. I’hc fingic Icales arc 
fnch as aie fit upon plane feales; the double feales aie 
tliofe which proceed from the centre; each of thefe 
being laid twice on the fame face of the inllrument, via. 
once bn each leg. Trom thefe feales, dimenfions or 
dlilances arc to be taken, when the Kgs of the inllru- 
liient-nre fet in an angulai p )fition. 

The feales fet upon the bell Seniors are 

f t *1 f Inches, each divided into 8 and 10 parts, 
2 Decimals, containing lOO parts. 

3 Chords 'I "Cho. 

4 Sines j Sin. 

^ Tangents j Tang, 

^ 6 'o Rhumbs. 1 Rhuin. 

'^^7 I c j Latitude Lat. 

^ j 3 p Hours. 1 . Hou, 

9 ^ , Longitude ' ' Lon. 

10 Inch'n. Mend. S In. mcr. 

i\ the r Numbers Num. 

12 loga- J iJines . Sin. 

13 ritbms 1 Verfed Sines V. Sin, 

\i± of LT'anEcnts ITap. 


Numbers 
iJines . j 
Verfed Sines 

T'angents J 


In. mcr. 

Num. 

Sin. 

V. Sin. 
LTap. 


/’ll TLines, or equal parts 1 fLinr 

2 Chords . Cho. 

2 3 ® Sines ’2 ^in. 

s < 4 ^ c J I’angcnts to 45®' f ^ 

Q I 5 Socants g See. 

6 Tangents to above 4)® Tan. 

- 7 j l^Bolygons , J L 1 ^<^ 1 * 


The manner in which thefe feales are difpofed on 
the Stiflor, is hell feen in the figure. 

The feales of lines, chords, fines, tangents, rhumh.s, 
latitudes, hours, longitude, inch merld. may he ufo'!, 
with the iulhurncnt either fliut or open, each of ihci: 
fcaleir being conti.incd on one of the legs only. '!'■ : 
feales of inched, decimals, log. numbtrs, log. fiLi, , 
log. \crfed fines, and log. tangents, are to be u...d 
v.'itfi tlic Seifloi quite open, with the tvvo rulers or 
firetclitd out in flic fame diredion, pan of eaeli 
lying on both 

'I'lie double fcal' 3 of lines, chouls, fines, and low.-: 
tangeai'o, or tangents iiiider 4 5'^, aic all ol the fame k^oi 
or length ; they b.gin <:t the centre of tho inibume' 1 , 
and aic ti i miuuted nicjr the otnCi extiemily ol i i ii 
leg ; viz, the lines at the divifion 10, the ehurJs at 
the IliKS at 90, and tlic t.ingru'' . at 45 > reman, - 
dtr of the t'uigtnt;, cr tbof. abuse 43®, are on otbrr 
feales beginning ;it ij- of tlic length of the funner, 
counted from lUe centre, where they are maiked s\idi 
45, and run about 76 degrees. 

The fecantsalfo begin at the fame dlilancc fom t' e 
centre, where they are marked with la, and are ft ; n 
thence continued to as many degrees as the lengih o' 
tlie Sedor vviP allow, which- is about 7^®, 

The angles made by ihe double fcalej of line:., i / 
chords, of lines, and of tangents to 43 degree", .ne 
always equal. And the angles made by the fcalcs lm 
U]) pcr tangents, and of fecants, are alfo equal. 

Tlie feales of polygons are fet near die inner edge oi 
the legs ; and wlici't thefe feales begin, they a’-e meu' • 
ed with 4,, and Bom thence, are. figured backw'aids, or 
tow.urds the centre, to 12. 

Brom thisdifpolition of the.double feales, it is plan, 
that thofe angles that are equal to each other while 
the legs of the Sedor w'cre clofe, will dill coni in ee 
to be equal, although the Sedor be opened to aiiy 
diflancc. 

The fcale of inches is hid clofe to the edge of the 
Sedor, and fometimes on the edge; it contains a# 
metny inches as the inllrument will receive when 
opened ; each inch being ufually divided into 8, and 
alfo Into 10 equal parts. The decimal fcale lies next 
to this : it is of the length of the Sedor when opentL 
and is divided into 10 equal parts, or primary divifionb, 
and each of thefe into 10 other equal parts ; fo that 
the whole Is divided into 100 equal parts; aad by tins 
decimal fcale, all the other feales, that are taken fi-cn 
tables, may be la'd down. The feales of chouls 
rliumbs, fines,, tangents, hours, &c, are fuch as a’.e 
deferibed under Plane Scale. 

The fcale of logarithmic or artificial numbers, calb J 
Gunter’s fcale, or Gunter’s line, is a fcale expreffirK' 
the logarithms of common numbers, taken in their 
natural order. 

The conllrudlon of the double fcalc will be evIiU ut 
by infpeding the inllrumentt As to the fealc of p^'X* 

goiftj 
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^ns, it mually co^rehends the lides of the polygotn 
from 6 to 1 2 fidts inclufivc : thedivifions arc laid down 
by taking the lengths of tlie chords of the angU-s at 
tiie centre of each polygon, and laying them down from 
tlie centre of the inftrument. When the polygons of 
4 and 5 Tides are alfo introduced, this line is coii- 
ftrLKfled from a fcalc of chordi, wh.cre the Icngtli of 
90” is equal to that of 60° of the double fcalc of 
diords on the Seflor, 

In deferihing the ufe of the Settlor, tlie terms Z/z/c- 
uil and tranfuerfe di/latice ofreti occur. By the 

former is meant the dinance taken with the compafles 
on one of the Icales only, beginning at the centie of 
the Sedor ; and by the latter, tlie di dance taken be- 
tween any two correfponding dlvifions of the feales 
of the fume name, the legs of the SeClor being in an 
angulai polition. 

Ufa of the Sector. 

Of the Ijne of Lines* Tills is ideful, to divide ^ 
given line into any number of equal parts, or in any 
j/opoition, or to make leaks of equal paits, or to 
Iiir] 3t] rnd 4^h piopoitiouak, or mean pu)])oitionals, 
01 to inetcaie or dei'ieafc a gk'en line in aivy propor- 
tion, hx, I. To divide a given line into any number 
of equal parts, as fuppofe 9 : make the length of the 
gi\en line a tranr\tire dillance to 9 and 9, the number 
(J' partvS piopofed ; then will the traiirveifc dillance of 
1 and I be one of the equal part*', or tlie 9th part of 
tlie whole ; and the tr,inlverfe dillance of 2 and 2 will 
Ik 2 of the equal parts, or \ of the whole line ; and 
lo on. 2. Again, to divide a given line into any number 
of paits that lhall be in any alfigned proportion, as 
luppofe tliiee paits, in the propoi lion of 2, 3, and 4- 
IMike tiie given line a tranfverfe dillance to 9, the fum 
of the propofed numbers 2, 3, 4; then the tianfvcife 
(lillances of thefc numbers feverally will be the parts 
requited. 

Of the Scale of Chords* i. To open tlie Sef^or to 
any angle, as fuppofe degrees ; Take the dillance 
irom the joint to 50 on the chords, tlie number of de- 
gToes propofed ; then open die Settlor till the tianfveife 
dillance from 60 to (So, on each leg, be equal to the 
laid lateral dillance of CO; fo fliall the fcale of chords 
make the propofed angle of 50 degrees — By tliC con- 
vcife of this operation, may be known the angle the 
bv<‘tor is opened to ; viz, taking the tranfverfe dillance 
of 60, and applying it laterally irom the joint. 

2. To protra^l or lay down an angle of any given 
number of degrees. At any opening of the beCtoi, 
take tlie tiani'veife dillance of 60°, with which extent 
deferibe an arc ; then take the tianfverfe dillance of the 
number of degrees propofed, and apply it to that arc ; 
anil throngh the extreniitice of this dilUuiGe on the arc 
maw two lines frota the centre, and they will lorm the 
angle as propofed. When the angle exceeds 6 g-', lay 
tt off at Iw'Ice or thrice.— -By the converfe operation 
^ny angle maybe mcafured ; viz, With any ladlus 
oelcribe an arc from the angular point \ fet that radius 
tranlverfely from 60 to 60 } then take the dillance of 
die intercepted arc and apply it tranfverfely to the 
thorda, which will fhew the degrees in the given 
sttglc, 

tbo Lint of Polygons* X. In a given circle to in- 


feribe a regular ptdygon, for cxatn|)U an o£ltgon. 
Open the legs of the Settor till the . tranfverfe dillHuce 
from 6 to 6 be equal to the radius of the circle ; then 
will thefranfverfe dillance of ' 8 and 8 be the frde of the 
infenbed oelagon. 2. Upon a line given to defciibe a 
regular polygcMi. Make tin. given line a tianfverfe 
(lil. to 5 and 5 ; and at that opening of the Sedlor take 
the tianfvei fc diilunce of 6 and 6j with which as a 
radius, from the extumities of the given line defenbe 
aies to intci Ici^l each other, which intcrfe^lion will be 
the centre of a click* in which the propofed polygon 
may be inferibed ; then from that centre defenbe the 
faid circle till ough the exlrcniities of the given lin^, 
and apply this line continually round the circumference, 
fur the feveraf angular points of the polygon. — 3, On u 
given light line as a bale, to. deferibe an i hi tiles ti ianglc, 
having the angles at the bafe double the angk .u ihe 
vertex. Open the Sittor til! die length of the gi\cn 
line ftdl traiifverkly on 10 and 10 on each leg ; then 
lake the tranfveife dillance to 6 ai d h, and it will he 
the length ot each of the equal Inks of the triangle. 

Of the Slncs^ Tan^ciilSj an l Secants. 15 y the leve- 
ral lines dlfpofcd on the feClor, we have kales of feve- 
Tal radii. So that, i. Having a length or radius given,- 
not exceeding’ the length of the Sec^lor when opened,, 
we can lind the chord, fine, kcy to the fame ; foi cx. 
fujipofe the choid, fine, or tangeuiof 2odig;ccs to a 
railius of 3 inches be rcquiicd.. Make 3 inches die 
opening or tianfveife diilancc to 60 and 60 on the 
chords ; dien will the fame extent reach from 4^ to 43 
on the tangents, and fiom 90 to 90 on the fines; lo 
that to whatever ladlus die line of chuids is let, to the 
fame are all the others fet alfo. In lliis difpofition 
tlieiefore, if the tranfveife dillance between 20 and 20' 
on ihcchords be taken with the compalfes, it will give the 
chotd of 20 degrees ; and if the tranfveife of 20 and 20 
be ill like manner taken on the fines, it will be the fine 
of 20 degrees ; and lallly, if the trarifvcrfe dillance 
of 20 and 20 be taken on tlie tangents, it will be the 
tangent of 20 degree', to the fume radius. — 2. 11 the 
chord or tangent of 70 degrees weit i((|uiicd. Fur 
the ciiord, the iranfveile dillance of li.ill the me, viz 
muil be taken, Ui biToie; wdiich dill, nice taken 
twice gives the chord of yo {hgiciu J’u hud thetan- 
gent of 70 <h'gr< !. to tin.’ hinie ladiufi, tiu* fcalc of 
upper tangtiUs null he ufid, tl e iiridii one only leach-- 
ing to 45: making thuefore 3 irulKS tljr liaiifvtrfe 
ililKuice to 43 and 4^ at the bv giimiiC'; of that leak, 
theixlcnl bclwien 70 and 70 di giivs cn die lame, will 
be the tangent of 70 dcgicfs lo 3 irehes ladiu'S — • 

3. 'J'o find the fecant ol :.n ate ; make the gi*’( n ra- 
dius thetranfvcik dillai cc bct\M(i) o and o on i!k k* 
cants; then will the tianfverfe dillaiiec ol 20 and 20, 
or 70 and 70, give tlic kcant of 20 or 70 degrees. — 

4. If the radiiu, and any h.u itpi t U r;l ing a Ime, tan- 
gent, or leeanl, be given, the ilegrces coiisfpondlng 
to that liiic may be found by fitting the Senior to the 
given ladim, aeeouling as a Imc, tangent, or kcaut 
is concerned ; then taking the given hue between the 
compaffes, and applying tiu’ two feet tiaiifvcrkly totlia 
proper fcale, and hiding the feet alotig till they belli 
rell on like divifions on both kgs; tlicn tiie divifioni^ 
will fhevv the di grees and parts correfponding to tlic 
given line. 
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Vfe of the SeBor in Trigonometry, or in ^'orking 
any other proportions^ 

By means of the double fcalcs, which are the parts 
more peculiar to the Sc6\or, all proportions arc worked 
by the pipperty of llmilar triangles, making tlie fides 
niopoitio.ial to t’ae bafes, that is, on the Sector, the 
latcial dIRanus proportional to the tianfvcrfc ones ; 
thus, taking the dllhiace of the full term, and apply- 
ing it to the lliru thedlilnnce of the 3d te:m, pro- 
perly appl.cd, Will give tire 4t]r term : obLivmg that 
tiro ji'les of tiiang'lcs are t iken off the line of nurnbeis 
laU'i.R!y, .i.id the aiij>ies.ue taken tranr\cifcly, off the 
iines <jr taiigtiils 01 lecanls, arcoiding to the nature of 
the piopoitioii. For exaujjde, in a plane triangle 
APjC, p,iven two fules and an angle oppolite to one of 
them, tofiud the rcR; viz, given 
AB .X. f\AC and 
-rr to find i>C and tlie 

an^le. A and C. In this cafe, 
the lldes are piopoitional to the 
lines ol their oppolite angles; 
hence thefe pioporti<Jtis, 
ns AC ( 64 : fin. /. B (46<^ 30') : ; AB(56) : fin. AC, 
and ns fin. B ■: AC : : Im. A : BC. 

Thcrcfoie, to w'ork thefe propot tions by the Senior, 
take the lareial ilillancc of '14 AC from the lines, 
and open the Seftor to make this a tranfverfe dillancc 
of 46*^ 30'— AB, on tin* r'ne<t ; then take tire lateral 
dillanee of 56 — AB on the lines, and apply ittraul- 
xeifeiy on tlie lines, whieli will give 3^^^* 24' aC, 
Henee, the fum of the aiipjes B and C, which is 
85^^ 54', taken fioin jHo^, leaxes 94^ 6' ~ AA. 
'Bhen, to work the 2d propoition, the 8<i£lor being let 
at the fame opening as before, take the tranfverfe dil- 
laiicc of 94® 6' A A, on the fines, or, which is the 
jjimc thing, the traiiBerfe dillancc of its fupplement 
8s® 5^'; then this applied Literally to the lines, gives 
88 the lidc }SC longht. 

For the complete hillory of the Senior, with its 
moie ample and particul 11 i onilniftion aiul ulvs, fee 
Rohci iK .I’s 1 rca/if' of fi>h Mat}K V,attc^il hftntmcnh, 
as arc ufually pnt ixtu a Vo, talk Cafe, the Inlio- 
(linflion. 

ShCioR of n Sfhire, is the folld generated by the 
revolution of the Sti^tor of a ciiclc about one of its ra- 
dii ; the otlrcr radius deferibiug the luifaee of a cotic, 
and the circular arc a clicular portion of the furfaee of 
thelphercof the fame radius. So that the fpherical 
iSedor coiifills of a 1 ight cone, and of a fegment of the 
fphcie Iravlng the fame common bafe with the cone. 
/\ud lunce the fulid couUnt of it will be found by 
multiplying the bafe oi* fpherical furfacc by the ra- 
dius of the fphere, and taking a 3d part of the pro- 
dud. 

Sector of an ell'ipfe^ or of an hyperbola, 5 cc, is a 
part refcmbhng the clrculai Stdlor, being contained by 
three lines, two of which aie radii, or lines drawn from 
ihecentieof the figure to the curve, and the inter- 
cepted aic or part of that cuive. 

jUfi'onomical Slqtok, an inflriimcnt invented by Mr. 
George Graham, for finding the dlfVercnce in right 
afeenuon and declination between two objeds, whofc 
<lilUuce is too great to be obferved through a fixed 
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telefcope, by means of a micrometer. This infirument 
(fig. 1, pi. 26,) confilU of a brafs plate, called the Sedor, 
formed like a T, having the (hank CD, as a radius> 
about 2 J feet long, and 2 inches broad at the end D, 
and an inch and a half at C ; and the crora-])icce AB, 
as an arc/r, about 6 inches long, and one and a lialf 
broad ; upon which, witli a radius of 30 inchc% is de- 
feribed aii arcli of 10 deuces, each degree being di- 
vided in as many parts as ai’e convenient. Round a 
finnll C)linder C, containing the centre of this arch, 
and fixed in the fliank, moves a plate of brafs, to which 
is fixed a teltlcope CK, having its line of collimaiiou 
pai'allel t) the plane of the better, and palling o\»r 
the ccnticC of the arch AB, and tire index of a Ver* 
nler\ di\tding [date, whofe length, being equal to 16 
quariirs ot a degi'ce, is divided into 15 e(|ual pans 
fixed to tire eye end of the tilcfcopc, and made tofii le 
along the arch ; which motion is performed by a long 
fere.v, G-, at the back of the arch, communicating 
with the VArnier thioiigli a flit cut in the brafs, parallel 
to the divided aich. Round the centre F of a cin nier 
biafi. plue ale, of 5 inches diameter, iruwcs a hi,rr 
ciufs KLMN, having the oppolite ends O and Fcf 
one bar tunic d np perpendieuLnly about 3 inches, to 
ferve as fnp[)orters to the Sedor, and fete wed to tl.e 
back of its radius ; fo that the jdane of the ScAtoi 
parallel to the* [)lane of the circular plate, and can it- 
volve round the centic of that [date in this paialhJ po- 
fition. A Iquare iron axis HIF, 18 inches lopp;, 
is fcie'ved fiat to the back of the circular ])hile along- mic 
of its cliametcis, fo that the axis is parallel to the])ljiie 
of the Sv.dioi’. The whole inllrnment is ruj)[)orteil on 
a prope'r })cdefial, fo that the faid axis lhall be jraialKl 
to the earllds axis, and proper contrivances are annexed 
to fix it in any pofition. The inllrnment, tiius fup- 
por-ted, can revidve round its axis HI, parallel to i’t 
cai-th’s axis, with a motion Itkc that of the fiarr, the 
plane of the Sedtor being always parallel to the plane of 
fotne hour cii’cle, and confecpicntly every point of tlie 
iclcfcopc defciibing a parallel of decimation ; and if 
tire oedor be turned round the joint F of the circukir 
[date, its graduated arcli may be brought parallel to an 
hour-circle ; and conrequciUry any two liar's, whofc cLf* 
ference of declination does not exceed tlic degrees in 
that arch, will pafsoverit. 

To obferve their paflage, dlreiB the telefcope to the 
preceding ll'ai', and fix the plane of the Sc<flor a little to 
the wellward of it ; move the telefcope by the ferev/ 
(t, and obferve at the tranfit of each over the ciofs 
wii'ts the time Ihewn by the clock, and allo the divifion 
upon the arch AB, fhewn by the index; then is the 
dilfei'encc of the arches the difi'crence of the declina* 
lion } and that of the times (hews the difference of the 
right afeenfion of tliofe liars. For a more particular 
defeription of this inllrii/ncnt, fee Smith’s OplIc?» 
book lii, chap. 9. 

SrCTJLAR 7 ‘ear, the fame with Jubilee. 

Sl'^CUNDANS, an infinite feries of number's, be- 
ginning from nothing, and proceeding acconling 
the fquares of numbers in arithmetic.'il progreflion, as 
o, I, 4, 9,^16, 25, 36, 49, 64, &c. 

SEEING, the acLof perceiving objefls by the (V« 
an of fight ; or the fenfe wc have qF cxlcin-al objects 
y means of the eye. 

For 
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For the apparatus^ or diCpofition of the parts necef- 
fary to Seeing, fee Eye. And for the manner in which 
Seeing is performed, and the laws of it, fee Vi- 
sion. 

Our bed anatom ids differ greatly as to the canfc 
why we do not fee doable with the two eyes? Galen, 
and others after him, aferibe it to a coalition, or de- 
cuflation, of the optic nerve, behind the os fphenoidcs. 
But whether they deciiffate or coalefte, or only baieiy 
touch one another, is not well agreed upon. 

The Baitholines and Vefalius fay CKprcfslv, they are 
united by a perfeed coiifufion of their hibllai cc ; Dt. 
Glbfow allows them to be united by the clofcll con- 
juiK^B'on, but not by a confufion of their fihic.-'. 

Alhazen, an Aiabian philolopher of tlie I2tli cen- 
tniy, acc<'unts for fingle vifion by two eyes, by fup- 
pofing that when two conefpondlug paits of tbe 
ratina arc affeded, tiie mind pciceives but one 
Imago. 

Des Cartes and othei*s account for the effed ano- 
ther way ; viz, by fupj'oling- that the fibrilbc ct)i):tilit- 
tmgthc I'm diillary pint of tl.ofe netves, being ipte.ul in 
rheictiua of each c)e, have caclt of tlicm conel|>on(l. 
ing pruts in the brain, fo that when any of thofe li- 
biilla’ are Uruck by any pait of an image, the cone- 
fponding pails of the bu-ain are affeded by it. Somcwliat 
like which is the opinion of Di. Brigg‘>, who takes the 
nerves of each eye to conliit of homologous fi- 
btes, having tlieir life in the thalamus neivuium oplico- 
r-.ni, and being thence continued to both the letinac, 
wiiieh arc compoftd of them ; and faither,. that thole 
librilire have the fame parallelifm, teiifion, 5cc, in both 
tryes ; confequently when an Image is painted on the 
fame correfponding fympalhiztng parts of each retina, 
the fame cfkds arc produced, the fame notice carried 
to the thalamus, and fo imparted to the foul. Hence 
it is, that double vifion cnfucs upon an intenuptjoii of 
tlic parallelifm of the eyes ; as when one eye Is dcpicfred 
by the finger, or their fymphony is intenupted by 
difeafe : but Dr. Briggs maintains, that it Is hut in 
few fuhjeds there is any dccuflatinii ; and in none any 
conjiindiommoic than mere conladt ; though his no- 
tion Is by no means confoiiant to fadis, fiid it is attend- 
ed with many Improbable circumflances. 

It was the o[)liiion of vSir Ifaac Newton, and of 
many othcre, that cTjeds appear fmgle, b.eenule the 
two optic nerves unite bcfoic they reach the hiam. 
But Dr. Porterfield fheus, from tlic obferv.atior. of Ic* 
'eral Lfnatoinifls, tliat the optic nci ves do not mix or 
confound their fubftance, being only united l>y a cJofc 
cohcfion ; and objeds have appeared fingle, where the 
optic nerves were found to be disjoined. To account 
for this phenomenon, this ingenious wiitcr fiij)''oks’, 
that, by an original law in our natures, w’c im.uMut an 
object to be iitiiatid fomewherc In a right hue diawn 
from the pidure of It upon the retina, through the 
centre of the pupil ; conlcrpiently tire fame objCL^C ap- 
pearing to both eyes to be in the fame pf u\, 'vc < aniiot 
liidinguifli k into two. In anfwer to an objedicu lO tins 
jfivpoihclis, from obieds appearing double when one eye 
is difiorted, he fays, the mind millakcs the pofiiion of 
flic eye, imagining, that it had moved in a manner 
correfponding to the other, in which cafe the contlu- 
fion would have been jull ; in this he fccins to have re- 


courfc to the power of habit, though he difelalms that 
hypothefis. This principle however has been thought 
fufficient to account for this appearance. 

Otuginally, every objed making two pidurcs, one 
in each eye, is Imagined to be durible ; but, by de- 
grees, v/c find tbal when two correfponding parts of 
the retina are Imprcffcd, the objed is but one ; but if 
thofe coii'elponding parts be changed by the ilillortion 
of one of the cyc ', the objed muit again appear dou- 
ble as at the fiift. 'biriG frems to bo Nerilkd by Mr. 
Cbcftlden, wbo informs us, that a gentleman, who, 
fionr a blow <m bis head, bad one c^c dilloited, toimd 
cvety objMd to appear doilldc, bin by degrees the molt 
famiKar ones came to .ipp'car fingle again, and in time 
all objedsdid fo without amendincnr of the diflortion. 
A fimdar cafe IS mentioned by Dr. Smith. 

Oiitbeolbci hand, Pr Reid is of (.(pinion, t^nt the 
concdpoiidcnce of the ccuIu.j ol two eyw;, on which 
liiiglc vifion depends, docs not arife from 01111010, but 
fiom fome uatuial co J litutiun ot the eye, and of the 
mind. 

M. duTour adopts an opinion, longL'ifoic rnggcfled 
by Gaffcndi, that the mind attLiid.s u> no nioic ti.riu 
the image made in one C) e at a tune; ui li-ppoil iif 
which, be pi'oduccs fevei-al cuiious e.' pu-Imentb ; but 
as M. Buflon obferves, it Is a fullieicnt anTwer to tbia 
bypotlkfis, that \\e fee moic dilliuCily with tao eyes 
than will* one ; and that when a round objed is near 
us, \vc plainly fee more of tire fuiface in one cafe than 
► ill the otlRr, 

Witii iifpcd to fingle vifion with two eyes, Dr* 
Hartley oblcrves, that it di.!er\es partir. iibu atti.ntioii, 
that the optic nerves of man, and fueli other animals as 
look the farr.o way with both oyes, unite in the fella 
tuirica in a ganglion, or little brain, asit may lieealhd, 
peculiar to ihemldves, and that the afhjoiations be- 
tween fyiiehronons impiaffions on the two latiiias, miifi: 
be made fooiKi* and ctmentcfl (Irongi i on this accouiu ; 
alfo that l I k. y ought to have a nrikh gi cater pc.n\cr(>v< r 
one anotlui k image, than in any otiicr jmiI (d the 
body. And ibiis an impiei'ion rn.ide on the H'dit lyc 
alone by a fingle objed, propagates itlclf niio me lefr, 
and th«.re ralfi s up an ninigc.dmofi e(]ii:il in vuidnefs to 
itfilf; and, ecRifcc^i’enti; , when we fee ve’ttioncCNC 
only, W'C ma) tinweT.er )ia\e ( ;durcs in Lotir c } es. 

It i.H a ct/'iim'/n <»bfin Uion, fay Ut. Siailb, llj.it 
objeds fitu wiili l)')ib eyes .iirncar moiv vidd and 
llroin, er than they do to i IiimUc e\e, cfpcii.illy when 
bulli of them aic equally go'-d. I’oilcilield on tlie 
Bye, vol.il, pa. -'85, jiy Smithk (Jolm s, Kcmaiks 
pn. 31. Reidk Tinpiiiy, pa. pfiy. f'lefeiites, 

pa. 514. Acad. I'ar. 174'/. Ahm. Pr. Hartley cm 

Man, vol. i, pa. 207. Pi ■ ‘-'-J'k. HilL cd J.ight atkl 
Colours, pa. 663, <?cc. 

Whence i^ i^ that wc fee (>bj('ds creed, v\dicn it Is 
certain, that the .m.igcs tl r uof are pauitr d invertedly 
on the reliin, is ai uti er ddhi idtv in the t’ucury of See- 
ing. Di s Cart loi Ikn^e, that’ tlie no- 

tiic which the hnil t.ikes - I tii. N'd, dues not de- 
pend on any image, ne . a iv I'un corning li'/in the 
ohjed, but ine-uly on tin litiiatitui ot the n.iiiute parts 
of tire brain, wluiice the nencs aiife. Kx. gr. the fi- 
tuatioa of a capillament brain, which occafiOns the 
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vfmll to fet all thofe placea lying in a tight line 

with it; ' r 1 • 

But Mr. Molyneux gives another account of tins 
<nattcr. The eye, he obferves, is only the organ, or 
-inllrunicnt ; it is the foul that fees, f o enquire then, 

how the foul perceives the objed ered by an inverted 
imago, is to eiupme into the fouPb faculties. ^ Again, 
imagine that the eye receives an Impulfe on its lower 
.part! by a ray from the upper part of an objed ; mull 
not the vifive faculty be hereby dirtded to confider 
this tlrokc as coming from the top, rather than the 
bottom of the objed, and confcrjuently be determined 
to conclude it the reprefentation of the top ? 

Upon thefe principles, we are to confider, that in- 
ATcrted is only a relative term, and tiiat there is a very 
'Trent difference between the real objed, and the means 
orinifcchy which we perceive it. When all the parts 
of affiant profped are painted upon the retina (fup. 
pofing that to be the feat of vifioii), they are all right 
\\ith relped to one another, juj well as the parts of 
the profped itfelf ; and we can only judge of an objed 
being inverted, when it is turned reverie to its natural 
poliuon with refped to other objeds which wc fee 
and compare it with. 

The eye or vifive faculty (fays Molyneux) takes 
no notice of the internal furface of its own parts, but 
ufes tliem as an inllrument only, contrived by nature 
for the cxcrcife of fuch a faculty. If we lay hold of an 
upright Hick in the dark, we can tell which is the upper 
or lower part of it, by moving our band upwaid or 
downward ; and very well know that we cannot feel 
the tipper end by moving our hand downward. Julf 
fo, we find by experience and habit, thatby diicding 
our eyes towards a tall objed, wc cannot fee its top by 
turning our eyes downward, nor its foot by liiining 
our eyes upward ; but mufl trace the objed the fame 
wav by the eye to fee It from head to foot, as we do 
by'thehandlo feel it; and as the judgement is in- 
fumed by the motion of the hand in one cafe, fo it is 
alfghv the motion of the eye in the other. 

Molynenx’s DIoptr. pa, 105, 5 cc. MufTchenbroek’s 
Int, ad Phil. Nat. vol. il, pa. 76:. Fergufon’s Lec- 
tures, pa. 132. See iSlGHT, VlSlKLE, &c. 

SEGMEN'P, in Geometry, is a part cut off the 
top of a figure by aline or piano ; and the part remain- 
ing at the bottom, after the Segment is cut off, is 
called a or a zone* So, a 

is a part of the circle cut off by 
u chord, or a portion comprehended by an arch and 
It? chord ; and may be either greater or lefs than a fe- 
mlcirclc. Thus, the portion A BCA, is a Segment lefs 
thana femicircle ; and ADCA 
a Segment greater. 

The angle formed by lines 
druvn f-om the extremities of 
a chord to meet in any point 
of the arc, Is called an angle 
i/I the vSegment. So the angle 
ABC is an angle in the bkg- 
ment ABC A; and the angle 
ADC, an angle in the Seg- 
ment ADCA. 

Alfo the angle B is fuid to be the angle vpen the 



Scgm^t ADCf and D the angle m the Segment 
ABC.. . , 

- The angle, which, the, chord AC mak^a with a tan- 
gent EF, is called the angle of a Segment ; and it is 
equal to the angle in the alteniate or fupplemcntal 
Segment, or equal to the fupplcra^nt of the angle in 
the fame Segment. So the angle ACE is the angle of 
the Segment ABC, and is equal to the angle ADC, or 
to the fupplemcnt of the angle, B ; fllfo the angle ACb 
is the angle 6 f the Segment ADC, and is equal to tU 
angle B, or to the fiipplement of the angle D. 

The area of a Segment ABC, is c\Iden 3 y. equal to 
the difference between the fe^lor OAHC of the lame 
arc, and the triangle OAC on the fame choid ; the 
triangle being lubtraiJ’led from the fedor, to give the 
Segment, when LTs than a fcmlcliclc ; but to be added 
when gicatcr. Sec more rules for the Segment in my 
Menfuration, pa. 132 &c, 2d edition. 

Similar Sfgments, arc thofe that have their chouk 
diredly proportional to tlieir radii or diameters, or lli..: 
have fimilar aics, or fueh as contain the fame numbei ( i 
degreco. 

Segment 0/ a Sphere^ Is a part cut off by ^ 
plane. 

The bafe of a Segment Is always a circle. And 
the convex fnrfacesof different Segments, arc to ea(.li 
other as their altitudes, or verfed fines. And as ti c 
whole convex fiirfacc of the fphere is equal to 4 oi its 
great circles, or 4 circles of the fame diameter ; fo the 
furface of any Segment, is equal to 4 circles on a cIm- 
meter equal to the chord of half the arc of the Seg- 
ment. So that if f/ denote the diameter of the fphere, or 
the chord of half the circumference, anvl c the chord < f 
half the arc of any other Segment, alfo a the altitude 
or verfed line ('f the fame ; then, 

3*1 41 Tv/* is the furface of the whole fphere, and 
3-i4i6(.*,or 3-I4 i 6«^/, tlie furface of the Segment. 
For the folid content of a Segment, there are two 
rules ufually given ; viz, i. To 3 limes the fquare of 
the radius of its bafe, add the Iquarc of its height ; 
multiply the fum by the height, and the product by 
•5236, Or, zdly, Fiom 3 times the diameter of the 
fphcie, fubtrad twice the height of the frulUnn ; mul- 
tiply the remainder by the fquare of the height, and 
theprodud by *5236. That Is, in fymbols, ttie fohd 
content is either _ 

*52 36^ X or = *52364^ X — 21 ; 

where a is the altitude of the Segment, r the radius of 
its bafe, and d the diameter of the whole fphere. 

/./«<• (//S EG M F. N T s, aie two particular lines, fo called, 
on Gunter’s fedor. They lie between the lints of rmts 
and fupcrficics, and arc numbered with 5, 6, 7, 8, 9* 
10. They reprefent the diameter of a circle, fo divided 
into 100 parrs, as that a right line drawn throuji^h 
thofe parts, and perpendicular to the diameter^^ flidil 
cut the circle into two Segments, the greater of which 
ihall have the fame proportion to the whole circle, as the 
parts cut off have to 100. 

SELENOGRAPHY, the defeription andreprekn- 
tation of the moon, with all the parti and appearances 
of her dife or face ; like as geography d^ci thofe 
earth. 

y Sir.c« 
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Stete tfelfnreisKbn of 'thc tcbfct»pe, Selenography 
If very tnw'ch improved. M'e b^.vc now diiliiift ngmes 
for mod of the regions, feaa. lakes, mountains, &e, vifible 
-ill Hie moon’s body- Hcvcliu?, a celebratcc: altionomcr 
of Dantzif, and who publifhed tlie firll Seicmigiaphy, 
luineil tilt* ltvcTal‘^>laces of the moon from thote ot the 
cat?h. Blit Riccioli aiterwards called them .ntcr the 
n.'nus Cif the mo{l celebiatcd aftrouomers and philofo- 
p'.eis, Tims, ^what the one calls Porphjnu^^ the 
olUer call.-^ Anftarchus ; uhat tiic out t jlls A'Jna. K),rui}^ 
/lycnninut^ ii:o, the othci t.ili.'-, j, /V 

JulrtuuAi 'lycho^ GaJffniJus, 6 iC. 

id. Cifiini has jmhlinjed a woik c-dled f JJnjdions 
S(l-riiq:u!^ and has pubhihed the hell m-jp of the rnhoii. 

ShD'lUCU)yE, in Clironology, the eiaolthcSe- 
lencld'Ji, or the Syio-Murchonia n era, which it. a com- 
pulation of time, conmientin^ tiom the cllablilhment 
of rile Selcucidae, a race of Ciieek kings, ubo reigned 
as fiiectiTorfi of Alexander the Gicat, in 8)iia, as the 
pLoli-mies did in Egypt. Aecoidmg to the Ixil ac- 
counts, the hill yeai of this cia falls in the year 31 1 
bJ'oic Chilli, v\hich \Nas 12 .years after the death of 
Alexander. 

SELL, in Building, Is of two l;Indr, viz, Ground- 
SJ/, which denotes the lowdl piece of timber in a 
wooden building, and that upon which the whole fu 
peilln.dluie is laiftd. And Sell of a window, or of a 
door, which is the bottom piece in the frame of them, 
ii]»oM winch they rctl. 

iSEMiClRCLE, In Geometry, is half a circle, or 
a ligiiie comprehended tween the diameter of a cir- 
cle, and hall the circumference. 

StMieiKcnt is alfo an inllrumcnt in Surveying, 
fomeiimes called the grapljotmier. 

It cotifilfs of a femicircular limb or arch, as FIG 
(fig. 3, pi. 26 ) divided into 180 degrees, ^and foinetimes 
lubdisided diagonally or otlierwife into minutes. This 
limb is fubtended by a diameter FG, having two fights 
Cu£lcd at its extremities. In tlie centie of the Senai- 
ciicle, or the middle of the’ diameter, is fixed a box and 
needle ; and on the fame centre is fitted an alidade, or 
moveable index, carrying twm other lights, as H, I : 
tlie whole being mounted on a Half, with a ball and 
focket Sic, 

Hence It appears, that the Semicircle is nothing but 
half a theodolite ; with this only difference, that whire- 
as the limb of the theodolite, being an entire circle, 
takes In all the 360^’ fuccefiively ; while in thtScmicir- 
■ cle the degrees only going fiom i to 180, it Is iiludi to 
have the remaining l8o*^. or thoie from iSo'^to 360°, 
graduated in another line on the limb witliiii the former. 

Tot-ake an Angit^vuith a 6V/w;V/rr/f. —Place the iiiltrii- 
ment in fuch manner, as that tlie radius CG may hang 
over one leg of the angle to be meafnrtd, with the 
ccniie C over the vertex ot the fame. The fit 11 is done 
by looking through the fights F and G, at the cxtr> 
niit;c- of the diameter, to a mark fixed up in one ex- 
tremity of the Jeg i and the latter is had by letting fall 
a plummet fiom the centie of the inllrumcnt. 'i'his 
done, turn the moveable index FII on its centre to- 
wards the other leg onhc angle, tiiUhrough the lights 
fixed in it, yoafee a mar(jL in the extremity of the leg. 
Then the degree which the index cuts on the limb^ is 
the quantity or meafuie of the angle. 

Voi, II, ‘ « 


Other iifea lire the fame as in the'th^dollte. 
SEMICUBICAI. Paraeoia, a curve of the 2d 
Order, of fuch a nature that tliC cubes of the ordinates 
'aij? proportional to the fquarcs of the jib^cdhs. Its 
equation is of" =: .vi. This curve, AMw, is one of 



Newton’s five diverging parabolas, being bis 70tb rj e-*- 
cic*. ; having a tii^p at its vcitcx lit A. Il is other- 
wiR iiaiiud the Ne’li-in parabola, fiom the name of the 
auili.jr who B»fl treat, d of it. 

'1 heart lot thefpate APM,i.s = ^ xyzz, .j\AP X PM, 
or of the ciiLiiinrcrlbing ledaiigle. 

The tonttnt of the (olid generated by the re- 
volution of the fpace APVl about the axis AP, ia 
*yuv* == ‘yHyiAP x or \ of the ciicumfciib- 

ing eylmder. And a cliclc equal to the fuifacc of that” 
folid may be found fiom the quadiaturc of an hyptiho* 
lie (pace. 

Alfo the length of any arc AM of the curve may be 
eafily obtained fiom the quadrature of a fpace containcit 
under part of the curve of the common paubola, tw'o 
ftmioidinates to the axis, and the part of the axis con- 
tained between them. 

This curve may be deferihed by a continued motion,, 
viz, by fallening the angle of a Iqiime in the vertex of 
a common parabola ; and then carrying the interfidfion 
of one fide of this fquarc and a long ruler (w^hich ruler 
always moves perptndiculaily to tlie axisof the paiabo-- 
la) along the curve of that parabola. For the iulcr- 
fedllon of the ruler, and the other fide of tlie fquaic 
cvill dtferibe a Semicubical paiahola. Maclanrlri per- 
forms this without a common parabola, in iiis Geo* 
meliia Organica. 

SEMIDIAMETER, or Radius^ of a circle or 
fphere, is a line drawui fiom the centre' to tlie ciicuin- 
feience. And in any curve that has diamcrcis and .1 
centre, it is tlie ladiue, or l.alf diameter, or a line 
drawn from the centre to foinc point in the curve. 

The difiaiiccs, diameters &c, of tl.c heavenly bo- 
dies, arc ufually efiimated by allronomers in Semidia* 
mcteis of the earth; the number of which teiiclbial 
Scmidiamelcrfi, Contained in that of each ofthofe plancU,, 
is as below. 

The Fanh - - i Scmidlam, 

The Sun - - in* 

The Moon - - 0*27 

Mercury' - - 0*38 

V».nu3 - - I* '5 

Mais - - 0-65 

Jupiter - - If *8 1 

S'lturri - - <;77' 

Herfchel - - 4*32 

SEMIDIAPENTE, in Mufic, « defcaive or im- 
perfedb fifth, called nfually by thtt Italians, falfa quinta^ 
and by us a falfe fifth. 

SEMI- 
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SEMIDIAPASON, In Mufic, a dcfe£Ilvc orim- 
^crfcitt od-ive ; or an odave diminiflicd by a Icffcr fe- 
initonc, or 4 coiamns. 

SKiVllDI A rt'.SSAllON, in Mulic, a dcfcflivc 
fourth, C'lllcclaHoa i'.iire fourth. 

SEM ID ITUNE, in Mulic, is the lefTcr third, having 
ils terms as 0 to 

ishMlDlvDINiVTES, In Geometry, the halves of 
the ordinates or applicates, being the lines applied be- 
tween the ahlelfj and the curve. 

SEMI PA U ABOLA, See, in Geometry, the half 
of the wlu'ie pai ihola, Sic, 

SliMlQIiADRATE, or Semiquartilf, is an 
jiflK'd of tlm i-lanets, when dldant fioin each other one 
fig:i and a half, or 45 degrees. 

SKMK^JAVEK' in Mulic, the half of a qua- 
ver. 

olAMrO^lTlNTILE, is an afped of the phnets 
when didaiit from each other the half of a 5th of the 
ciielc, or by 36 degiees. 

iSEMISEXTlliK, an afped of two planets, when 
they arc dill ant from each other 30 degrees, or the 
half of a textile, which is 2 ligns or 60°. The Senai- 
fextllc is mark^ d s, s, 

SEMITONE, in Mufic, a half tone or half note, 
one of the degrees or intervals of concords. 

There arc three degrees, or Icfs intervals, by which 
a found can move upwards and downwards, fucceflively 
from one extreme of any concord to the other, and yet 
produce, tiuc melody. Thefc degrees are the greater 
tone, the ItTs tone, and the femitone. The ratios de- 
fining thefe intervals are thefe, viz, the greater tone 8 
to 9, thelefs tone 9 to 10, and the Semitone 15 to 16. 
Its compafs is 5 commas, and it has its name from 
Ixing nearly lialf a whole, though it ii really fomewhat 
more. 

There are fcveral fpccies of Semitones ; but thofe 
that ufiially occur in pradtee are of two kinds, dillin- 
guillied by the addition of greater and lefs. The firll is 

exprefiedby the ratio of 16 to 15, or ~ ; and the ft- 

2 r 

cond by ac fo ^4» or — . The oiRave contains 10 

' ' 24 

Semitones major, and 2 diefes, neaily, or 17 Semi- 
tones minor, nearly i for the mcafure of the otiave 
being cxprelTed by the logarithm - 1,00000, 

the Semitone major will W meafured by 0,097,jl, 

and the Semitone minor by - <- 0,05^^89. 

Thefe two differ by a whole enharmonic diefis ; which 
43 an interval praolicahle by the voice. It wms much 
in life among tlic AHcients, ^nd is not unknown among 
modern pra6litioners. Euler Tent, Nov, Theor. Muf, 
pa. 107. See Interval, 

Thefe Semitones aie called fi^ltious notes ; and, with 
refpeft to the natural ones, they are expreffed by cha- 
^a^lers called fats and Jhnrps, The ufe of them is to 
remedy the clefeds of inftrurnents, which, having their 
icnuids fixed, cannot always be made to anfwcr to the 
diatonic fcale. By means of thefe, we have a new kind 
-jDf fcalc, called the 

BEMITONIC Scale, t>r the rf Semitones^ 


which is a fcale or fyftem of mufic, confining of 12 
degrees, or 13 notes, in the oAave, being an improve- 
ment on the natural or diatonic fcale, by inferting be- 
tween each two notes of it,' another note, which divides 
the interval or tone into two unequal parts, called St- 
mitoncs. 

The ufe of this fcale is for inilmmcnts that have 
fixed founds, as the organ, harpfichoid, 5 cc, which are ex- 
ceedingly dcfcdlivcon the foot of the pnturalor diatonic 
fcale. For the degrees of the fcale being unequal, from 
cveiy note to its o6tavc there ib a diluuent onicr of dt;- 
grees ; fo that from any note wc cannot find every in- 
terval in a feries of fixed founds ; \vlii'> h yet is iicecf- 
fary, that all the notes of a pi^ce of mufic, caniul 
through fcvetal keys, may be fiaiiid in their juR tune, or 
that the fame fong may be begun imiiflerently at any 
note, as may be nccefiary for accoinmouatiug fonie ni* 
ilrument to others, or to the voice, when they are to 
accompany each other in unifon. 

The diatonic fcale, bty. inning at the lowell nr)te, 
being firll fettled on an inllrument, nndthe notes of it 
diilinguifiied by tlieir inmcs a, e, A e, f, ; the 
infcitcd notes, or Semitones, aic called fictitious noU>s, 
and take the name or letter btlovv v. irli a rn i 
called c fltarp ; lignlfying that it is a femitone higlur 
than the found of c in the natural ferits ; or ihisinnik 
called a flat, with the name of the note above lig- 
nifying it to be a Semitone lower. 

Now and -I|| being the two Semitones the great- 
er tone is divided into, and and the Smii- 
toncs the lefs tone Is divided into, the whole odfnvc 
will Hand as in the following fcherfie, where the ratics 
of each term to the next are written fra£lion-vvire be- 
tween them below. 


Sea/e of Semitones, 


c, cK df, e, f g, gW. al^. h, 

J1 15 14 1$ 11# IS 15 ^34 ij in 

1# ITT I? TS" TJT Td 1. 16 TJ f 


cr. 
1 s 




for the names of the intervals in this fcale, it may be 
confidered, that as the notes added to the natural fcale 
are not defigned to alter the fpecics of melody, but 
leave it Hill diatonic, and only corredf certain defc^ls 
arifing from fomething foreign to the office of the fcale 
of mufic, viz, the fixing and limiting the founds ; we 
fee the rcafon why the names of the natural fcalc arc 
continued, only making a dillindion of each into a 
greater and lefs. Thus an interval of one Semitone, 
is called a lefs fecond ; of two Semitones, a greater 
fecond ; of three Semitones, a lefs third ; of four, a 
greater third, &c. 

A fecond kind of Semitonic fcale we have from 
another divifion of the oAavcinto Semitones, which 
performed by taking an harmonical mean between ilm 
extremes of the greater and lefs tone of the natural 
fcale, which divides it into two Semitones nearly cquah 
Thus, the greater tone 8 to 9 is divided into two Si- 
mitoncs, which are j 6 to 17, and 17 to 18; ''h^e 
16, 17, 18, is an arithmetical divifion, the numbers 
reprefenting the lengths of .the chords ; but if they re- 
prefent the vibration, the lengths of the chords are re- 
ciprocal; viz as 4 , IJ, J ; which puts the greater Se- 
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initon^ neict the lowet- part of the tone, and the 
IcfTer next tiie upper, which is the property of the 
liarinonical divifion. And after the fame manner the 
Icfs tone 9 to 10 is divided into two Semitones, i8 to 
Kjy and 19 to 2© ; and tlie whole odave Hands thus ; 


(I, rim. e* /. a. I, 


, , . \e . 

if IS ly 2 0 -i€ iT TiT VTy 

This fcalc, Mr. Salmon tells us, in the PhiVfophical 
Tranfadions, he made an experiment of befotc the 
Royal Society, on cliort!;', exadly in thefe proportions, 
wliicli yielded a perfed Concert with (^ther inllruments, 
touched by the bell hands. Mr. Malcolm adds, that, 
havini^ calculated the ratios of them, for his own fatif- 
fadion, l,e found more of them hUt than in the pre- 
ceding* fccde, but then their crrois were confidciably 
lefs, which made amends. Malcolm’s Mufic, chap. lo. 

SENSIBLE Ilorlzotty or Pointy or ^lality, &c. 
Sec the fubliantives. 


19 Xf 
^0 -O 


'I < 

1 ?• 


SEPTUAGESIMA, in the Calendar, is the 9th 
Piund.iy before Eafter, fo called, as fnne have fiijipofed, 
hcoauft it is near 70 days, though in reality it is only 
63 da vs, before it. 

SERIES, in Algebra, denotes a rank or progreflion 
of quantities or terms, which ufually proceed accord- 
ing to fomc certain law. 

As the Series id + h-Q + -7 &c, 

2 4 o JO 

or the Series, 1+*— +~ + — + ';r &c. 

234s 

where the former is a geometrical Series, proceeding by 
the condaut divifion by 2, or the denominators mul- 
tiplied by 2 ; and the latter is an harmbnical Seiics, 
being the reciprocals of the arithmetical Series i, 2, 3, 4, 
&c, or the denominators being continually incrcafed 
by 1. 

The dodrine and ufe of Series, one of the greatcfl 
improvements of the prefent age, wc ow^c to Nicholas 
Mercator ; though it feems he took the firft hint of it 
from Dr. Wallis’s Arithmetic of Infinites ; but the 
genius of Newton firll gave it a body and a form. 

It is chiefly ufeful m the quadrature of curves ; where, 
as we often meet with quantities which cannot be ex- 
prefled by any precife definite numbers, fuch as is the 
ratio of the diameter of a circle to the circumference, 
we are glad to exprefs them by a Series, which, infi- 
nitely continuers ^he value of the quantity fought, 
and which is called an Infinite Scries. 


continuation is manifefl. Or, if the fame fradlon ^ 
be fet in this form divifion be performed 

in the algebraic manner, the quotient will be 
_ r I I r 1 
3 2-1-1 2 4^8 32^^* 


Or, If it beexprefied in this form ^ r: — , by a like 
divifion there will aiife the Series, 



And, tluiF, by dividing i by 5 — 2,01* 6 — 3,01* 7 — 
&c, the Series anfwei iug to the fiaCtion may be 
found in an endlefs variety of infinite Seiics ; and the 
fimte quantity ~ is called the \alue or radix of the 
Setics, or allb its fum, being the ninrber or fntn to wdiich 
the Series would amount, ortlicilmit to\vliIch it would 
tend or appioximate, liy riimming up its terms, or 
by colledling tiiein togell.ev one .alter another. 

Ill like maniRr, by dividing i by tlie algebr.iic furn 
a -f or by — r, the quotient will be in there two 
cafes, as below, viz. 



where the terms of each Scries arc tlic fame, and they 
differ only in this, that the figns are alternately pofiiive 
and negative intlie former, but all pofitive in the latter. 

And hence, by expounding and c by any luimbert 
whatever, we obtain an endlefs variety of infinite Se- 
lies, whofefumsor values are known. So, by taking 
^ or c equal to I or 2 or 3 or q, ftc, wc obtain ihck 
Series, and their values ; 


I 

1 -p i 
1 


3 -i 

I 

2 + I 

I 

J 4 - 2 
I 

3 + ^ 


1 

- = I I 4. I — I -f I - I &:c, 



The Nature^ Origirty ^Cy o/* Series. 

Infinite Series commonly arife, cither from a contL 
nued divifion, as was pjaclifed by Mercator, or the ex- 
tra6lion of roots, as firft performed by Newton, whp 
alfo explained other g«?hcral ways for- the expanding of 
quantities into infinite Series, as by the binomial 
theorem, ^riius, to divide i by 3, or to expand the 
fraidlon 4 Into an infinite Series ; by divifion in deci- 
^i^als in the ordinary way, the feries is 0*3333 &c, or 

— &c, where the law of 
10000 


And hence it appears, that the fame quantity or ra- 
dix may be expreffed by a gicat variety of infinite Se- 
ries, or that many different Scries may have the fame 
radix or fum. 

Another way in which an infinite Series ariTes, is by ' 
the cxtraftion of roots. Thus, by extiaCiiug the 
fauare root of the number 3 in the eominon way, we 
obtain its value in a ferics as follows, viz, ^^3 = 

173*05 = I + -;^ + -J- + ~+ 7^^ 

&C f 

in which way of refolution the law of tjie progreffion 
3 K a of 
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uf the Series Is notvlfible, as it « when found Ijy di« 
vlfion. Aiul the fquarc root of the algebraic quantity 
n* + r* pives 

^4 ^6 

= rt + — + &c. 

And a 3d way Is by Nc\vtou*8‘ binomial theorem, 
which js a univerfal method, that ferves for all forts of 
quantities, whether fradlional or radical ones: and by 
ihis means the fame root of the laft given quantity be* 


comes c 


za 


I.V 


• + 




kc. 


2.4.6rtS ‘ 

here the law of continuation is vifible. 
iSec KrntACTiON of RootSf and Binomial The- 
erem^ 

From llic fpccimens above given, it appears that the 
ligng of the terms may be either all phi?, or alternately 
pins and minus, 'rhougli tliey may be varied in many 
other ways. It alfo appears that the tei-ms may be 
cither" continually fmaller and fmaller, or larger and 
larger, or clfe all equal. In tlic firll calc thctelore the 
Series is faid to he a dcirm/injf one, in the 2d cafe an 
intreaftn^ one, and in the 5d cafe an equal one, Alfo 
the hril Series is called a converftn^ one, bccaufc that by 
collcifing its terms fircceflivcly, taking* in always one 
term mote, the fuccefTivefums approximate or converge 
to the value or fum of the whole inlinitc Series. So, m 
the Scries 

I I I . r . I 


3 - t 


= -i + i+ 

3 <; 


27 


+ g^, &c, 


the full term — is too little, or below — which is the 

% , _ ^ ^ 

value or fum of the whole Infinite Series propofed j the 

= *44H &c, 


film of the firll two terms — i 

3 9 

is alfo too little, but nearer to ^ or 
2 


5 than the former; 


and the fum of three terms 


+ — + — is ’ 

3 9 27 27 

•481481 fee, is nearer than the lad, but llill too 
little; and the fum of four terms 




I I . 40 

+ “: + r.- ‘5 o- = ‘403S27 &C. 


27 • bi, 81 
which is again nearer than ihe former, but Hill too 
little; which is always the cafe when the terms ate all 
pofuive. But when the converging Scries has its terms 
alternately pofitive and negative, then the fuccellive 
fums arc alternately too great and too little, though 
■ftill approaching nearer and nearer to the final fum or 
VliIuc. Thus In the Series 

I L — 0*2 ~ -i- — i- 4 - — * 

the id term y = *333 &c, is too great, 

two terms -i-— . — = *222 &C, are too little, 

3 9 . 

9 I I 

Abreeterms — — j~= ' 2592 | 95 cc, are too great, 


four terms — •— i- + — — = *^4^^913 Ire, are 
3 9 27 

too great, and fo on, alternately too great and too 
fmall, but every fucceeding fum dill nearer than the 
former, or converging. 

In the fecond cafe, or when the terms grow larger 
and larger^ the Series is called ^'divcrgir,^ one, becaufc 
that by collefting the terms continually, the fiicecfiivc 
films diverge, orpo always fartlier and farther from the 
true value or radix of the Scries; being all too great 
when the terms are all pofitive, hut akernately too great 
and too liule when they are alternately pofitive and 
negative. Thus, in the Seiies 

— ? — = -i I — 2 + 4 — 8 See. 
11-23 

the lird term + i is too great, 
two terms i — 2 :::: — 1 aic too little, 
three terms i — 2 -h 4 = -h 3 aietoo great, 
four terms i • — 2 +4 — 8 — 5 are too little. 

and fo on continually, after the 2d term, diverging 

more and nioic fiom the true value or radix but 

alternately too great and too little, or pofitive and ne- 
gative. But the alternate fums would be always more 
and more too great it the terms were all pofitive, and 
always too little if negative. 

But in the third cafe, or when tltc terms arc all equal, 
the Series of equals, with alternate figns, is called a ncu^ 
iral one, becaiife the fuccefiive fums, found by a con- 
tinual calledior of the terms, are always at the fame dlU 
tance from the tiiic value or radix, but alieriialely poli- 
live and negative, or too great and too little. Thus, 
in the Series 

14 - 1 ^ 2 ““! ^ * I + I I 

the firll term i is too great, 
two terms l — i o arc too little, 
three terms i — 1 + 1 = 1 too great, 
four termvS 1 — 1 + i — i = 0 too little, 
and fo on continually, the fucceflive fums being alter- 
natc'ly 1 and o, which are equally different from the true 

value or radix the one as much above it, as the 
2 

other below it. 

A Series may be terminated and rendered finite, and 
accurately equal to the fum or value, by affuming the 
fupplement, after any particular term, and combining 

it with the foregoing terms. So, in the Series — 


&c, which is equal to and found 
4 8 i6 ^3 

by dividing i by 2 + i, after Uic firll term, -i, of the 
quotient, the remainder is — which divided by 
2 + i> or 3, gives - for the fupplement, which 

combined 
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temWiied with the firll term 


^ I . I I 

® r=: ^ 

2 ® % 6 I 

the true fum of the Sen^ A^ui^ after the firft two 
terms ^ > the remalader is + which divi* 

? 4 ' 4 

ded by the fame divifor 3, gives — for the fnpple- 

fhent, and this combined with thofe two terms -i- — 

2 4 


makes — 
2 


wdiere, flopping the divifion at any term as , the 

+ I 

remainder after this term is which being divided 

+ i 

by tlic fume divifor + r, gives — for the 

fupplement as above. 

The Lanv of Continuatton. — A Series being propofed, 
one of the chief queflions concerning it, is to find the 
law of its continuation. Indeed, no univerlal rule can 
be given for this ; but it often happens that the terms 
of the Series, taken two and t\>o, or three and three, 
or in greater numbers, have an obvious and fimple rela- 
tion, by which the Series may be determined and pro- 
duced indefinitely. Thus, if i be divided by i — .t^, 
the quotient will be a geometrical progrefijon, vir, 

1 - 4 - .V + A* 4 &c, where the fucceeding terms are 

produced by the continual mulciplication by .r. In like 
manner, in other cafes of divifion, other progreflions 
are produced. 

But in mofl cafes the relation of the terms of a Scries 
is not conftant, as it is in thofe that arife by divifion. 
Yet their relation often varies according to a certain 
law, which is fometimes obvious on infpe^lion, and 
fometimes it is found by dividing the fucceffivc terms 
one by another, &c. Thus, in the Series 

2 8 16 128 

I + — X + .v* 4 — -{• &c, by divi- 


lx + + —x) + 

3 ‘j’ 35 

ding the 2d term by the ifl, the 3d by the 2d, the 41! 
by the 3d, and fo on, the quotients will be 
2468^ 

» T --Xf&.c; 

3 5 7 9 

and therefore the terms may be continued indefinitely 
by the fucceffivc multiplication by thefc frailions. 
Alfo in the following Series 

35 


' 4 *'* — *» 

6 ' 20 

1. 1 


x, 


or 

7 -^ 

5-5 


kc ; 


— = JL 

4 12 4 ~ 2 ~ 12 3 

the fame fum or value as before. And in general, by 
dividing i by a + r, there is obtained 

- + ( a “a* «>"*• 4"+‘'^? + ‘(a + t)’ 


+ yx + — x* 

o 40 


128 


«S 4 


1x52 


&c, by 


the adjacent terms fucceffively by each other, 
Senes of quotients is 


^ illv. 

^•3 4 ‘S * 

and therefore the terms of the Series may be continued 
by the multiplication of thefe fra^lions. 

Another method of expreffing the law of a Series, ii 
mie that defines the Senes itfelf, by its general hrm^ 
ihcvving the relation of the terms gerifTally by their 
dlllances^ from the beginning, or by diflerential equa- 
tions. To do this, Mr. Stirling conceives the terms of 
the Scries to be placed as fo many ordinates on a riglit 
line given by pofitlon, taking unity as the common in- 
terval between thefe ordinates. Thetermsofthe Series he 
denotes by the initial letters of the alphabet, A, li, C, 
D, &c ; A being the firll, B the 2d, C the 3(1, &c : 
and he denotes any term in general by the letter T, and 
the rell following it in order by T', T", T'\ T"", 
&c j alfo the dillatice of the term T from any given 
term, or fmm any given intermediate point between 
two terms, he denotes by the indeterminate quantity 
* : fo that the diftances of the terms T, T\ T , 
&c, fiom the faid term or point, will be * 4 1, a: 4 j, 
a 4 3, kc; bccanfe the increment of the abfeifs is the 
common interval of the ordinates, or terms of the Series, 
applied to the abfeifs. 

Thefc things being premifed, let this Series be pro- 
pofed, viz, 

I, fv, fv*, ^^ 5 , &c, _ 

in which it is found, by dividing the terms by cacK 
other, that the relations of the terms are, 

B = C = ~ B.V, D = I C^, E = 1 Jtc : 

2 4 0 O 

then the relation in general will be defined by the cqua- 

tjou T =: ; — T.v or ^ 1 .r, where z dc* 

2Z + 2 X 4 1 

notes the difiance of T from the firfi term of the Seiies# 
For by fnbftituting o, i, 2, 3, 4, 5 :c, fucceffively 
inftead of k, the Oime relations will afife as in the pro- 
pofed Series above. In like manner, if z be the dif- 
tance of T from tlie 2d tenn of the SericB, the eqjiation 

will be T^ :z: T.v or — Tx, as wifi ap- 

234 4 »42 ^ 


■pear by fubftituting the numbers — i, 0, i, 2, 3, S:c, 
fucceffively for Or, if z denote the place or number 
of the term T in the Series, its fucceffivc values will be 
1, 2, 3, 4, oTc, and the equation or general term mil be 

T' = 1 - ~J . T.v. 

2 Z 

It appears therefore, that innumerable difTercntial 
equations may define one and the fame Series, accord- 
ing to the different points from whence the origin of 
the abfeifs z is taken. And, on, the contrary, the fame 
equation defines innumerable different Scries, by taking 
different fucceffive values of z. Fof in the equation 




2z — r 


T.V, which defines itc foregoing Series 

when 
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wficn j, 2, 3, 4, Ac arc thc; fucccffirc wlaw bf the 
tbfcincs; if ij, 2^, 3.^, 4ff Ac, be fucccinvcl)r Aib- 
flituted for %, the relations of the tcfms arifing will be, 
2 . 4 - -V 6 


B ^ A..V, 


7 


-C.v, Ac, from 


Ac, 


C = ^ D =: 

3 ' 5 . 

whence will ariTe the Scries 

A, — A .V, — ~ A .V*, - - A A 

., 3 . . 35 3*5 

which is different from the former; 

And thus the equation wdl always determine tlic 
Series from the given values of the abfeifs and of the 
firfl term, when the equation includes but two tenus 
©f the Series, as in the bft example, where the fufl 
term being given, all the refl will be given. 

But when the equation includes three terms, then two 
puift be given ; and tlirec mull be given, wlien it in- 
cludes four; and fo on. So, if there be piopofcd the 

Series Xt ~,rs, ~ x\ &c, 

o 40 128 1152 

where the relations of the terms are, 

B = 1:1 A.A C = . 11 B**, D = ^ Ci'*, &c. 

2.3 4.5 6.7 

the equation defining this Series will be 


r = 


— I . 2a — I 


• 2g 4 . I 4*25 -f 225 

where the fuccefiive values of z are i, 2, 3, 4, Ac. Sec 
Stirling’s Methodus Differentiulis, in the introdudlion. 

This may fuffice to give a notion of thefe differential 
equations, defining the nature of Series. But as to the 
application of thefe equations in interpolations, and find- 
ing the turns of Series, it would require a treatife to 
explain it. We mull therefore refer to that excellent 
one juft quoted, as alfo to De Moivre’s .Mifcellanea 
Analytica ; and fevcral curious papers by Euler in the 
A^la Petropolitana. 

A Series^ often converges fo flowly, as to be of no 
ufc in pradice. Thus, if it were re(iuired to find the 
fuin of the Series 


I 

1.2 


fUBV depend! bn the quadrature of the circle* Sbeh ii 

Ac ; See Deniolvre 
19. Or 


the Series, i i + i, -. 4 -.+ 4 - 

.3:57.9 

Mifcel, Analyt. pa; 1 1 i, or my Menfur. pa. 

the fum of the Series i + 4-4.4.4-14-1- 3^^, con- 
. ... ' ^ ^ 10 2 j 

tinned ad infinitum, according to Euler’s difeovery. 

^ Gonlimictl Fra£llon or Scries^ is a fradion of thi. 
kind, to infinity, n 


b + 


d 4- 


/ + ■ 


Z 

b Ac. 

The fird Series of this kind was given by Lord 
Brouiicker,firltprefidentofthe Royal Society, for the 
quadrature of the circle, as related by Dr. Wallis, in 
his Algebra, pa. 317. Hisferics is 

J + I 


49 



2 4 • 


2 + - 


2 + Ac, 

which denotes the ratio of the fquare of the diameter 
of a circle to its area. Mr. Euler has treated on this 
kind of Series, in the Peterlburgh Commentaries, 
vol. u, and in his Analyf. Infinit. vol. 1, pa. 295, 
where he Ihcws various ufesof it, and how to transfoim 
ordinary fradions and common Scries into eoiuiiuicd 
fradions. A common fradlon is transformed into a 
continued one, after the manner offeeking the grc.Uell 
common meafure of the numerator and denominator, 
by dividing the greater by the lefs, and the lall divllbr 

always by the laft remainder. Thus to change 4 iii 

59 

to a continued fradion. 


which Lord Brouncker found for the quadrature of the 
hyperbola, true to 9 figures, by the mere addition of 
the terms of the Series ; Mr, Stirling computes that it 
would be neceffary to add a thoufand millions of terms 
for that purpofe; for which the life of man would be 
too fiiort. But by that gentleman’s method, the fum 
of the Series may be found by a very moderate compu* 
tation. See Method. Differ, pa. 26. 

Series are of various kinds or deferiptions. So, 

An Afcendtng Series, is one in which the powers 
of the indeterminate quantity increafe; as 

I + fljr 4 * "i" cx'^ Ac. And a 

Defanding Series, is one in which the powers dc- 
creafe, or clfc increafe in the denominators, which is 
the fame thing ; as 

+^ar"» +f.tf "2 ^c, or I +— + 4. i. Stc. 

% X K* X* . 

A Circular Serissi which denote! a Series wbofe 



Theref.ii^rr24+ • 
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3+- 


4+- 
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XA^wr^mg. Sfi R I E is a SeirJes whoTc terms conji- 
ctially decreafe, or the fucceffivc fums. of whofc terms 
ipproxinlatc or cojiycrgjc^Rlways^nearer to the ultimate 
fum of the whole Series. And» on the contrary, a 
Diverging SsRtES, is one whofe terms continually 
increafe, or that has the fucceflive fums of its terms di- 
verging, or going off always the taitfier, from the 
fum or value of tlie Series, 

DetevmifuUe Series, is a Scries whofe terms pro- 
ceed by the powers of a determinate quantity ; as 


I + — + 


.4.. 


4 &c. If that determinate 


quantity be unity, the Series is fald to be determined 
by unity. De Moivre, Mifcel, Analyt. pa. ill. 
And an 

Iviieterniinale Sriues is one whofe terms proceed by 
the powers of an indeterminate quantity x ; as 


^ ^ 4 ^ ;fS 4 ^4 ; or fometimes alfo wutli 

^34 

indeterminate exponents, or indeterminate coefficients. 

The Form 0^ a Series, is ufed for that affedion 
of an indeterminate Series, fuch as 

flLv” 4 kx* ^ 4 4 dx &c, which aiifca 

from the dilFercnt values of the indices of x» Thus, 


If « z= I, and r =: I, the Series will take the form 
ax 4 4 " 

If fj = f, and r = 2, the form will be 
a% 4- *f cx^ 4 3 tc. 

If fl = ^5 *rjd r = I, the form U 

I 1 J V 

4 4 &c. And 

([f « = 0, and r = — I, the form will he 
<2 4 * 4 * 4 - dx~ ^ See. 

^V’hen the value of a quantity cannot be found exndlly. 
It is ofufe in algebi-a, as well as in common ailihmc- 
tic, to feek an approximate value of that quantity, 
which may be ufcful in pra£llce. Thus, in arithme- 
tic, as the true value of the fquare root of 2 cannot be 
affigned, a decimal fraction itfound to a fufficient de- 
gree of exaftnefs in any particular cafe ; which decimal 
fraftion is in reality, no more than an infinite feries of 
fraflions converging or approximating to the true value 
of the root fought. For the cxpieffion t/zzz: 1*4 142 1 3 


3:c, is equivalent to this v /2 = I 4 4- — p-i- 

- 10 100 1000 

or fuppofing A- zr 10, to this. 

or= I 4” 41’“* 4 a-* 4 4^-^ 4 2x'* See, 


■ft hich laft Series is a particular cafe of the more gene- 

»al indeterminate Series 4 4 See, 

when « ac Q, r = — I, and the coefficients 
« = ^ 2* 4i == i,wf = 4, &c. 

^ But the application of the notion of approximations 
nui^obers, t6 fpeciei, or to algebra, is not fo ob- 
Ncwto«, with hi< ufual lagacity, took the hint, 


jyjtl’ prpfi^utcd it ; by which were difcpvered general 
thetliods in tho 4 oflrinepf infinite Series, which had 
before bccrt'treatcd only in a particular manner, though 
with great acutenefs, by Wallis and a few others. Sec 
Newioii^s Method of Fluxions and Infinite Seiies, with 
Colfbn^s Comment ; as alfo the Analyfis per Aqua- 
tioncs Nuinero Tciminorum Infniitas, publiflu'd by 
Jones in 1711, and iince tianfiatcd and explained by 
Slcw'art, together with Newton’s Traci on Quadra- 
tures, in 174). To thefe may be added Maclauiin’s 
Algebra, part 2, chap. 10, pa, 241.; a\id Cramci’s 
Aualyfc des Lignes Courbes Algcbraiques, chap, 7, 
pa, 148; and many other authors. 

Among the various methods for determining the va- 
lue of a quantity by a converging Seiie.^ that fecmi 
preferable to the reft, wliicli confilis in afl’uming an 
indeterminate Series as equal to the quantity whofe va- 
lue is fought, and afterwards determining the values of 
the terms of this alTumed Series. For inlUnce, fuppofc 
a logarithm were given, to find the natural number an- 
fwering to it, Suppofe the logarithm to bee, and the 
correfponding number fought i 4 a*; then by the na- 


ture of logarithms and fluxions, z = 


I 4 a’ 


or 


A 4 .r« = Now aflumc a Series for the value 
of the unknown quantity x, and fubftltute it and its 
fluxion inftead of x and x in the laft equation, then 
determine the afTiimed coefficients by compaiing or 
equating the like terms of the equation. Thus, 


aflumc A = <285 4 4 ez^ 4 &c, 

then A* = 4 zlfzv 4 4 4-dz^z See ; 

and JT rz (« 4 = » 4 axz 4 

lienee, comparing the like terms of thefe two vAtii bf a, 


II T 

there arifes /i = r, ^ , r = d = &c : 

2 6 24 

which values being fubftitiitcd for a, I, c, 3cc, in the 
aflumed Series ax 4 4 See, it gives 

X = z -\r '-«* 4 -r 4 4 See, or 

2 6 24 120 


r=: flf 4 4 + 4 — 

1.2 1.2.3 A. 2.3.4 I.2.3.4.5 

See ; and confequcntly the number fought will be 




14^=1 4ai4 — 4 Sec, 

1.2 1.2.3 

But the indeterminate Series az 4 bz* 4 cz^ See, 
was here aflumed arbitrarily, with regard to itsjLxpo- 
nenls I, 2, 3, Sec, and will not fucccedin all cafes, bc- 
caiife fome quantities require other forms for the expo- 
nents. For inftance, if from an arc given, it W'crc re- 
quired to find the tangent, J^ct a == the tangent, and 
z the arc, the radius being = i. Then, from the na- 


ture of the circle we fliall have 


i 

I 47 ^* 


z, of 


^ = z + x^'^. Now If, to find the value of x, we 
fuppofe X s= az -h bz^ + cz^ Sec, and proceed as be- 
fore, we ffiall find all the alternate coefficients d,/. Sec, 
or tliofe of the even powers of x, to be each s= .0 ; and 
therefore the Scrici »flumcd it not of a proper form. 

But 
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B«| fuppormg .r =: «» f' ft T + T*" 5 


, I 

then wc find j ^ ^ ^ 


See. 


15 ■ 3«s- ■ 

I * If 

confequently jr = ss + — *’ + ij 3 1 5 

And otlicr quantities require other forma of Senes. 

Now to find a proper indeterminate Senes m all 
cafes, tentativelv, would often be ve,7 labonoos, and 
even im.irarticable. Mathematicians have therefore cn- 
dcavi u cd to find out a general rule for this purpole ; 
thouaU till lately the method has betm but imper- 
fertly Iiiiderllootl and delivered. Moft authors m- . 
deed have explained the manner of linding the co- 
efficients rt, i, r, See, of the indctciminate otnes 

rtv" + ir" ■*■ '■ + f.T * ■*■ ” &c, which is eafy enough ; 
but the values of « and r, in which the chief diffieulty 
lies, have been affignedby many in a manner as if they 
were felf-evldent, or at Icaft ditcoverable by an cafy 

trialor two, as in the laft example. 

As to the number n, Newton himfelf has fliewn the 

method cf determining it, by his rule for finding the 
firll term of a converging Series, by the applicatioat ot 
his parallelogram and ruler. For the particulars ofthis 
method, fee the authors above cited } fee alfo 1 aral- 

LEtOGRAM. . n- 

Tavlor, in his Methodus Incrcnjentorum, mvclli- 
cates the number r ; but Stirling oblcrves tliat his rule 
fometimes fails. Li.icx Tert. Ordin. Newton, pa. 28. 
Mr. Stirling gives a cotreddion of 1 aylor s rule, but 
fays he cannot affirm it to be umverfal, having only 
found it by chaneg. And again 

Grayetmdc obferves, that though he thinks btir- 
ling’s fljc never* leads into an error, yet that it »s not 
perfea. See Gvavefirndc, De Determm. Form, Senei 
Infinit. printed at the end of his Mathefeos Umverfahs 
Elemcnta. This learned profcflbt has endeavoured to 
rcaify the rule. But Cramer has (hewn that it is lliU 
defeaive in feveral refpeas ; and he hjmfdf, to avoid 
the inconveniences to which the methods ot lormcr au- 
thors are fubjea, has b^d recourfe to the firft principles 
of the method of infinite Series, and has entered into a 
more exaa and inllruaive detail of the whole method, 
tliaii is to be met with elfewhere ; for which realon, 
and many others, hislreatife defervestobe particularly 
recommended to beginners. 

But it is to be obferved, that in determining the va- 
lue of a quantity by a converging Sents, it is not al- 
wavs neceflfary to have recourfe to an indeterminate bc- 
rics t for it is pften better to find it 
extva^aion of roots. iJee Newton's Meth. of Flux, 
and Inf. Series, above cited. Thus, if it were re- 
quired to find the arc of a circle from its ^ven tangent, 
that is, to find the value of % m the given fluxiona} 


3 ' S ^ . 

of 4$S or ^ of the drisumfecbce, to the radius 


i»or 


Confer 


equation, » = 


by an infinite Series : di- 


■vldiug i by- 1 ,-f wiv, the quotient will be the Serie. 
.y _ xV •+. x*x - .v‘w (kc 5 = « } and taking the fluentt 

.of the terms, there rtfults u = -v - j w» +,- -vs - 

&c. which is the Series often ufed for the quadrature 
of the circle. If w = t, or the wngent of 45"> tl‘e» 


I.of the circumference to the 'diameter i. 

4 

^ ^ * cr 

quently, if i be the diameter, then i j 

will be the area of the circle, becaufe “ of the efr- 

cnmference multiplied by the diameter, gives the area 
of the circle. And this Senes was iirll given by i-eib- 

nitz and James Gregory. . 

See the form of the Series for the binomial theorem, 
determined, both as to the coefficients and exponents, 

in my Trafts, vol. i, p^ 79 ' . , . , . , 

/Wmni/SsKiES, the reeiprocal of antlimeticals. 

See Harmonicau. . ... „ . , r r 

Hyl>.>bJic SiRiES, 18 iifed for a Senes wliofe film 
depends upon the qiiadraiure ot the hyperbola. Such is 

the'series 1 -p -i -F ^ -h &c. Dc Moivrc’sM.f- 
1234 

cel. Anaivt. pa. ii i. . r • e r 

A/rrAsAr/itmo/ S eries, the inferting of fome terms 
between others, &c. See iNTERrotATioM. 

JnlrrfaniUnl Sehih. Sec In rcRbcrNnENT. 

ilf/r/ Serifs, one wliofc fiim deptiul*’ partly on the 
quadrature of tfie circle, and partly on hit of the by- 
^crbola. DeMoivre, Mlfeel. Aiialyt.pa. Ill, 

Rtcurrin’ Series, is iifcd for a Series which is f.i 
conlliliited, that having taken at pkaliire any number 
of its terms, each following term (hall be related to the 
fame number of preceding terms according to a con. 
ilant law of relation. Thus, m the following Se- 
rics, 

a h t d t f 

I -P 2.V + 3** + + 33 *^ + 97 *’ 

in which the terms being refpe£live!y reprefented by 
the letters a, b, c, See, fet over them, we lhaU have 

d =; 3f.v + S'!*’. 

e = idx - 2f**, 
f = IJ-f — 

&c, &c, 

where ills evident that the law of relation between J 
and f, is the fame as between e and/, each beuig formed 
in the fame manner from the three terms which precede 

it in 'he Series. ’ • . ' , ' ', 

The quantities -.av* + 3*^ taken tpKetber and 
connedted by their prbper JSgofc form what De Moivre 
calls the indtx, or the Jifl'e of re/aMii! 
fometimes the bare, coefflciento 3 - 2 + 5 are caUed 
the fcale of relation. And the icale of relation lub- 
trafted from unityr '»,«'lr' 3 '.khe 

the fubjeft of Recurring Series, fee De Moivre sMilce . 
Analyt. pa. zf and 72, and his Doaripe of Chances, 
3d effit. pa. 2?o ;,allo EuWs A^^nalyf. Inj 5 mt..tom. , 

pa. 175,. • ■ ■ 


* Having given a recurring Series; with its ?.[ 
reUtion, the fum of the whole ^*"**j^®*‘’* o,rits 
alfo be gisen. For infta^ce, . 
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#]+ lx + ta* 4 - &c,' where tlic relation between 

tHe coefficient of any term and t^le coefficients of any 
two preceding terms may be exprcfled by/ — that 
is, e fd ^ gc, and d^ff - gly 6cc { then will 
the fum of the Series, infinitely continued, be 
^ "h (^ — fo) X 

Thus, for example, affume 2 and 5 for the coefficients 
of the firfi two termvS of a recuiring Seriej ; and fup- 
pofe /and ^ to be refpedfivcly 2 and i; then the le- 
cuiring Scries will be 


2 + 5.r + 8 a» + I 4 14 4 iS.vS c‘^'C, 


and its fum = 


^ ')X — 4 ^? 


2 + 

■(1 


For the 


I — 2X 4 XX 
proof of which divide 2 4 a* by ( i — .v)*, and there 
aiil'cs the faid Series 2 4 5^ 8a* 4 iia* See. And 

fiindar rules might be derived for more complex cafes. 

De Moivre^s genenl rule is this : l. Take as many 
terms of the Series as theie are parts in the fcale of re- 
lation. 2. Subtia^ the lealc of 1 elation from unity, and 
the Remainder is the dUferentlul fcale. 3. Multiply the 
terms taken in the Scries by the diflercntial fcah, begin- 
ning at unity, and fo proceeding orderly, remembering 
to leave out what would natumlly be extended beyond 
the lad of the teims taken. Then will the produd be 
tlie numerator, and the differential fcale will be the de- 


finite number of the terms of that Series maybe found. 
This is prob. 5, pa. 73, De Moivre^s Mii'ccl. Ana/t. 
andprob. 5, pa. 221 of his Doctrine of Chances. The 
ibluiion is effeded, by taking tlic difference betv\cen the 
fums of two infinite Series, differing^by the teinis an- 
fwering to the guen number ; vi/, ftoni the lum of ihe 
whole infinite Seiles, commencing fiom the beginning, 
fubtrad the fum of another infinite number of teims 
of the fame Seiics, commencing after fo many of the 
firft terms whofe fum is required ; and the difference 
will evidently be the fumof tliat inimber of terms of the 
Scries. For example, to find the fum of n terms of 
the infinite gcometiical Seiics^ 4 4 4 &c. 

Heie arc two infinite Series ; the one beginning with a, 
and the other wnth rzc'b which is the next teim after 
the lirll « tewns of the original Scries. By the rule, 

the fum of the firfl infinite progrcflion will b: ^ » 

A ^ 

and the fum of the fecond ; the differeocc of 

1 — X 


wdiich is 


which is therefore the fum of the 

l —A 


firfl n terms of the Series, This quantity 


/r — 


is equal to 




which Uff expreffion, putting 


nominator of the fradion cxprefliiig the fum required. 

Blit it mull here be obfeived, that when the fum ofa 
rccuning Seiies extended to infinity, is found by De 
Moivre’s rule, it ought to be fuppofed that the Seiics 
converges indefinitely, that is, that the terms may be- 
come Icfs flun any afiigned quaulfty. For if the Seiies 
di\crge, that is, if its terms continually jnercafe, tlic 
rule does not give the true fum. For the fum in fueh 
cafe is infinite, or greater than any given quantity, 
^^hercas the fum exhibited by the rule, will often be 
finite. The rule therefore in this cafe only gives a frac- 
tion cxpreffi'ng the ladix of the Series, by the expanfion 


of which the Seiies is produced. Thus • 


-by ex- 


pinfion becomes the recurring Series i 4 2.v 4 31* 
dec, whofe fcalc of relation is 2 — 1, and its fum by the 

rule will be ‘’-lir = , 

I 4 1 — 2A 4 AV ( I — t 

the quantity from which the Seiies arofe. But this 
qnantiiy cannot in all cafes be deemed equal to the infi- 
nite Scries I 4 2 a 4 3^* Sic: for flop v here )ou 
V'lll, there will always want a fupplement to make tlic 
piodud of the quotient by the divifor equal to the di- 
'idend. Indeed when the Series converges infinitely, 
the fuppli'meni, diininhlimg continually, becomes Icfs 
than any afiigircd quantity, or equal to nothing; but in 
a diverging Seiies, this, ftipplement becomes. in;*. ui tel y 
great, and the Series deviates indefinitely fiom the 
truth. See Colfoiffs Comment on NewfonN Method of 
fluxions' ^i|d Infinity Sidles, pa. 152; Stirling’s Me- 
thod. Difierv pa, 3^5; frerncuUi de Seiicb. Infin, pa. 
^49 5 and Cramer-s >Aualyle des Lignts Courbes, 
... * 

Seriesrjhcing given, the fum of any 


n— i 
itx 


4 


will be equivalent to this, 



which is the common rule for finding the fum of 
any geometric progixfiion, having gi^en the firll term 
<r, the lall tcim /, and the ratio a. See Mifccl, Ana- 
lyt, pa. 167, 168. 

In a recuiring Series, any term may be olttaincd 
whofe place is nffigned. For after having taken io 
many terms of the Seiies as there are teiins in 
the Icnle of relation, the Series may be protradcj 
till it rc’nch llic place affgned. But when that 
place is very dlllant fiom the beginning (/f the Se- 
ries, the continuing the terms is Aciy laboiious ; and 
therefure other methods have h'cn contrived. Sec 
IMifctl. Analyt. pa. 33 ; and Dodiine of Chances, 
pa. 224. 

Thefe quefilous lin\c been refi'Ivcd in many cafeS, 
bcfidcj thole of rccuning But as there is no 

univerfal method for tlic qinuliatnre of curves, neither 
is there one for the liiminalion of Scries; iiuked ihcic 
is a gr< at analogy betwetn thefe things, and fimihir dif- 
ficulties arifing in btitli. See the authors above cited. 

'Flic invertigaiioii of D. ii’ei B<. i nf iilli’s nn thud Itm 
findinj’- the roots of algtbiaic c qnations, which is in- 
feited in the Petci fbuigli A.dts toir. 3, pa. 92, de- 
pends upon the dodlrino of rccuii ing St rii s. See Eu- 
ler’s Anab fis I nfinitoruiT), torn I, pa. 2;6. 

Kc’VerJif'ft of StRiLS. bee Rlv'Rksion of Serifs, 

Summalle Series, is one whofe lum can be accu- 


rately found. Such is the ^ U* 

the fum of which is f.uM to be unity, or, to fpeak 
more accurately, the limit of it.8 fum is unity or i. 

An indefinite nunibcr of fuixuuable infinite Scries 
3 L 
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mayljcjlBgned: fuch are, forinftaBce, all infinite re- 
curring converging Series, and many others, for which, 
confult Dc Moivre, Bernoulli, Stirling, Euler, ana 
Maclaurin ; viz, Milcel. Analyt. pa. l to j De Scricb. 
Infinit. paflira ; Method. Different, pa. 34; Adale- 
trop. > riuxioiis, 

The obralnlng the fams of Infinite Scriefes of frac- 
tions has bL'cn one of the principal ohjeas of the mo- 
dern method of computation ; and thele fums 
ttiay often be found, and often not. Thus the fums 
of the two following Scries of geometrical progrel- 

fionala are eafily found to be i 


viz, I = 




and 

2 

^ 8cc, 


and 

2 3 


^ I . J * 

+ + rr ftT 

y 27 o I 

But the Serlefts of fradlions that occur In the folirtlon 
of problems, can fcldom be reduced to geomc-tric pro- 
greflions ; nor can any general rule, in cafes fo infi- 
nitely various, be giveuw The art here, as in moll 
otbor cafes, is only to be acquired by examples, and by 
« caieful obfci*vation of the arts nfed by gpat autboi'S 
in the invciligatlon of fuch Scries of fruitions as they 
bsve confidered. And the general methods of infinite 
Series, which have been earned fo far by De Moiwe, 

Stirling, Euler, 5 :c, are often found necefTary to deter* 

mine the fum of a very fimple Senes of fradlions. Sec 
the quotations above. 

The fum of a Series of fraaions, though dccreafing^ 
continually, is not always finite. This is the cafe ot 

&c, whicli is the 


it would require a whole treatifc to enumerate the 
various kinds of Series of fraftions which may or may 
not be fummed. Sometimes the fum oaonot be af- 
figned, either bccaufc it. is infinite, as in the harmonic 

Series JL 4. -L + -1 1- &c, or although its fum 

12 3 4 

be finite (as In the Series "J" 

fum cannot be alfigned in finite terms, or by the qua- 
drature of the circle or hyperbola, which was the calc 
of this Series before Euler's difeovery ; but yet the 
fum of any given number of iheteims of the Series may 
be expeditioully found, and the whole fum may be af- 
figned by approximation, independent of the circle. See 
Stirling’s Method. Diifercut. and De Moivre’s Mifcd. 
Analyt. 

Befides the Seviefes of fradlions, the funos of which 
converge to a certain quantity, there fonietimcs occur 
others, which converge by a continued muUiplicatIun. 
Of this kind is the Series found by VVallis, for the qua- 
•drature of the circle, which he exprcffcs thu?, 

3 X s X 7 X 7 X 9 X 9 X k c^ 

^““2x"4X4x6x6x8x Sxiox 
where the charafter □ denotes ^hc ratio of the fquarc 
of the diameter to the area of the circle. Hence the 
denominator of this fradion, is to its numerator, both 
infinitely continued, as the circle is totbefquare of the 
diameter. It may farther be obferved that this Seiics 
is equivalent to 


5 ^ 


7 " 


. 1 I 

the Senes — -f — 
I 2 


+ J. 4- -i + 

- 3 4 5 ^ 

barmonie Series, conliflingof the reciprocals of arith- 
meticals, the fiim of wliich exceeds any given number 
whatever ; and this is Ihcwii from the analogy between 
this piogrcflion anti tlic fpace comprehended hy the 
common hyperbola and its afymptote ; though the 
fame may be fliewn alfp from the nature of progref- 
fions. Sec James Bernoulli, de Seriebus lufm. ^ But, 
what is curious, the fquare of it is finite, fo) if the 

fame terms of the harmonic Scries, 1 + - - &c, be 

l 2 i 

fquared, forming the Series 7 4 9 

being the reciprocals of the fqiiares of the natural Series 
of numbers ; the fum of this Scries of fraflions will not 
only be limited, but it is remarkable that this fum will 
be precifely equal to the 6 th part of the number which 
«jcprefl <8 the ratio of the fquare of the circumference of 
n circle to the fquare of its diameter^ That iS, if c 
iienoie 3*14159 ihe ratio of the circumference to 

the diemeter, then w i e» = j + ^ + ^ + + -^ 

This property was fir'd difeorered by Euhjr ; and 
his inveftigation may be fecn in the A 61 a Petrep. 
’»ob 7. And Maclaurin has fiuCe obferved>that this may 
•eafily he deduced frorahis Fluxionb 8irt, 822* PfiUpf* 
Ulnuif.21uwb.469. 


1 X^X :^'X&c,orto^X^X^X 

8 24 4^ i 5 7 ^ 

&c, that is, the prodiudof the fquarCs of all the odd 
numbers 3, 5,7, 9, &c, is to the produd of the fame 
fquares feverally dnninlfiicd by unity, as, the fquare of 
the diameter is'to the area of the circle. See Aritlimet. 
Inlinit. prop. 19I, Oper. vol. i, pa, 469. Id. Oper. 
vol. 2, pa. 819, And thefc prodnds of fi adions, 
and the like quantities arifiug from the continued 
ninltiplication of ceitain factors, have been paili- 
cnlarly confidered by Euler, in his Analyfis Infinit. 
vol. I, chap. 1 pa. 2?I. ^ 

For an cafy and general method of fummnig all 
alternate Series, fuch astf-^-Ec — r/ &c, fee my 
Trads, vol. 1, pa. 11 ; and in the fame vol. may 
be feeu many other curious trads on infinite vSe- 

ricSt 

Summation of Jnfnite Se R i is the finding the value 
of them, or the radix from which they may be raded. 
For which, confult all the authors upbn this fciencc. 

To find an infinite Series by cxtmding of ^ roots; 
and to find an infinite Series by a prefiippoW Series; 

■ fee Quadrature 

To extrad the roots ©C an infinite Sene?; fee Ex- 
traction 0 / ■ 

To ratfd an infinite Series to any power, fee Invo- 
lution, and Pow?R* ' 

^ratfeen dental Series. an sceisj dental. 

The;'e arc many other impoftSut writings 
fubjed of Infinite Scries, befides thofe above quoted. 
A very good elementary trad Oq tbrsfi:ience ,is 
Jamtt foraioulfif imkulctf, dc Scriths 

“*> • iUg 
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fh, and annexed to hig Ars Conje^andt^ publi/heil in 
4to, 1713. 

SERPENS, in Aftronomy, a conficllatfon in the 
northern hemiTphcre, bv?ing olio of the 48 old .con- 
flellations mentioned by all the Ancients, and is called 
more particularly Serpens Ophliuh)^ btlnpr jvrafpcil in 
the hands of the conllellation Ophiucluis. Tiic Ciictks, 
in their fables, have aferibed it fofnetimes to one of 
Ttiptolemus's dragons, killed by Carnabos ; and fome- 
tiuies to iheferpent of the river Segaris, dcflroycd by 
Hcrcnlcs. This is by fome fiippofed to be the fame as 
the author of the book of Job calls the Cfooked Ser» 
pent ; but this expreflion more ptobabl) meant thccon- 
ftcllation Draco, near the north pole. 

T he liars in the conllellatioii Strpens, in Ptolomy’s 
catalogue are i8, in Tycho’s 13, in Hcvelius’s 22, 
and in tlie Britannic catalogue 6-}, 

SERPENTARIUS, a condellationof the northern 
hcniifphere, being one of the 48 old condcllations men- 
tioned bv all the AncicTits. It is called alfo Ophiuchus, 
and anciently jEfcnlapius. It is in the ligurc of a man 
gralpiiig the Icrpent, 

The (jieeks had different fables about this, and other 
conilellations, becaufe tliey were ignorant of the true 
iiK lining of them. Some of them fay, it reprefents 
Cainabos, who killed one of tlie dragons of Tripto- 
lernus» Others fay, it was Herciiks, kdliug the Icr- 
pent at the river Segaris. And others again fay, it 
leprefents the celtbrated phyfjcian iKlculapius, to de- 
note his flcill in medicine to cure the bite of the fer pent. 

The lliiisin the conitellation Serpentarius, in Ptolo- 
my’s catalogue are 25, in Tycho’s i;, in Hcvelius’a 
40, and in the Britannic catalogue they aVe 74. > 

SERPENTINE lAne% the fame with fpiral.^ 

SESQUI, an cxprefllon of a certain r^tio, viz, the 
fccond ratio of inequality, called d\.iofuperpartuular,\'^- 
tio ; being that in which the greater term contains the 
KTs once, and fome cerialapait over j as 3 to 2, where 
tlic fitft term contains the fecond once, and unity over, 
which is a quota part of 2. Now if this part remain- 
ing be juft half the lefs term, the latio is called 
ahera ; if the remaining part be a 3d part of the lefs 
term, as 4 to 3, the r^tio is called fefquitertia^ or//- 
gu'iterza / if a 4th park, as 5 to 4, the ratio is called 
pjqmquartaj and' io on continually, ftill adding to 
iitlqui theoidihal number of thefmaller term. 

In ^^hglifh we fometimes fay, Jtfguialural^ or //- 

qutalferaie, fe/quUhirdf fifquifourtL't &c. 

As to the kinds of tfiplee expieftfd by the particle 
f<fqvh they are thefe : 

’SESQUIALTEU ATE, the greater perfc 3 ^ which 
is a triple, where the breve is three mcalures, or fea:i- 
breves. . . ' 

SisciulALtERAtE, mperjc£ly which is where 

the breve^ when poink^d, txMitaios tliree mcafurcs, and 
without ally point, tWQi ' 

hBS 4 iy iw^lTEHATe/ left mptrfeSt a triple, where tlie 
fcmibrevc with a poirtt Oqntains three nicalures, and two 
without.- ‘ i H I i . 

SESQ^jyAfcTERATi^' t^ Arithmetic and Geometry, is 
a ratio betwc^i^twd •uihbers, or lines*. &c, where the 
K^vatisrif e<quaF ro a haff of the kfs. 1 hus 6 

and q >|t; in a ^e^ulaittratc t^tio, askiHo io arid 30. 

Mufict'a coudoVd refulting 


from the founds of two firings whofe vibrations, i« 
equal times, are to each other in the ratio of y to 6. 

SESQUIDUPLICATE Rjtiuy is that in which the 
greater term contains the lefs, twice and a half ; as 
the ratio of 15 to 6, or 50 to 20. 

SESQUICJUADRATE, an afpeft or pofiiion of 
live planets, vvlun they ate dillatu by 4 figna and a 
half, or 135 degrees. 

SIiSQUJQ^UINTILE, is an afpeft of the planets 
when they arc dillant I of the circle and a half, or 108 
degrees. 

SKSQTJlTERTIONAL Piopnrtwny is that in 
which the greater term contains the let's once and one 
third ; as 4 to 3, or 1 2'to 9. 

SEl'TTNG, in Atlronorny, the withdrawMng of a 
ftar or planet, orits finking below the horizon. 

Allronomcis and poets count three diHerent kinds of 
Setting of the flars, vi/, Acuronicau, Cosmicai., 
and Heliacal. Sec tliefd terms iTf^x-elively. 

Setting., in Navigation, Surveying, &c, denotes the 
obferving the bearing or fuiiation of any ddlant ob- 
jed by tliecompafs, &c, to difeover the angle it make* 
w'ilh the neareft meridian, or with fome oi}*cr line. Sec 
IjE-lUlNd. 

Thus, to fei the lariiK or the futiy by the compafs, i* 
to obfti ve how the land bears 011 any point ol the com- 
pafs, or on what point of the compai’s the fun is. Alfo*. 
when two fhips conic in fight of each other, to maik 
on what point tlic chacc Lears, is termed iictting the 
chace by the compa/s. 

Setting aUb denotes the dirc£lion of the wind, 
current, or Tea, particularly of the two latter. 

SEVEN Stars, a common denomination given to the 
cliiilcr of liars in the neck of the fign Taurus, the bull, 
properly called the pleiadcs. They are fo called from 
thcit number Seven which appear to the naked cyc^ 
though fome eyes can difeover only 6 of them j but 
by the help of telefcopes there appears to be a great 
multitude of them, 

SEVENTH, Septimay an interval in Mufic, called 
by tlie (Greeks hcptachordm, 

S1*:)XAGENARY, fomething relating to the num- 
ber 60, 

Sfxacenary Aiithmelic. See Sexagesimal. 

Sexagenary TAahles, are tables of proportional 
parts, /hcwnig tlie produ^l of tw^o Sexagenaries that 
aie to be multiplied, or the quotient of iwo that are 
to he divided. 

SEXAGLSIMA, .the eighth .Sunday before Eaflcr ; 
being fo calkd hccaufc near 60 days belocc it. ^ . 

sexagesimal or ShXAGtNAHV ArtthmrUCy^, 
method of computation pniceeding by 6clhs, Such ia 
that ufed in the divifion of a degree into 60 minutes,, 
of the minute into 60 fcconds, of the fccond into bo 
thirds, &c. 

SEXAGESIMALS, or Sfxagesimal FraAmsy 
aic fradftions whole dcnominalora proceed in a fexagecu- 
pk* ratio ; that is, a prime, or the lirll minute = yu, 
a fccond = a third =: 

Anciently there were no other than SexagcrimaU 
tifcd in aftronomical operations, for which realon they 
are fometime® called oJkotirmicalfraHions, and tiicy are 
Hill retained in many cafes, as in the divifions of time 
and of a circle ; but decimal arithmetic is now much 
3 L 2 
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tfed I’a the calculationg. Scxagefimals were probably 
firll ufed for the diviijons of a circle^ 360, or 6 times 
60 making up the whole circumference, on account 
that 560 days made up the year of the Ancients, in 
which Hmc the fun was fuppofed to complete hiscourfe 
in the circle of the ecliptic. 

In thefc fratlions, the denominator being always 60 
or a multiple of it, it Is ufually omitted, and the nu- 
merator only written down : thus, 3^ 45" 24^' 40''^ 
&c, is to be read, 3 degrees, 4^ minutes, 24 feconds, 
40 thirds, &c. 

SEXANGLE, in Geometry, a figure having 6 an- 
glcs, and confequcntly 6 Tides alio. 

.SEXTANS, a fixth part of certain things. 

The Homans divided their as, which was a pound 
of brafs, Into 12 ounces, called unciny from unum ; and 
the quantity of 2 ounces was called yr.v/j;//, as being 
the 6th part of the pound. 

Sextans was alfo a meafurc, which contained 
a ounces of liquor, or 2cyathi. 

Sextans, tlie Sextant, in Ailronomy, a new 
conilcllation, placed acrofs the equator, but on the 
fouth fide of the ecliptic, and by Hevelius made up of 
fomc unformed liars, or fuch as were not included in 
any of the 48 old conllellations. In Hevclius^s cata- 
logue it contains 1 1 liars, but in the Britannic cata- 
logue 4t. 

SEXTANT, denotes the 6th part of a circle, or an 
arch containing 60 degrees. 

Sextant is more particularly ufed for an aftronomi- 
cal inilriimcnt. It is made like a quadrant, excepting 
that its limb only contains 60 degrees. Its ufe and ap- 
plication are^thc fame with thole of the Quadrant; 
which fee. 

SEXTARIUS, an ancient Roman mcafurc, con- 
taining 2 cotyla:, or 2 heminte. 

SE.X'ITLE, the afpeft or pofitlon of two planets, 
when they arc diiUnt the 6th part of the circle, viz, 
i figns or 60 degrees ; and it is marked thus • 

SEXTUPLE, denotes 6 fold in general. But in 
mufic it denotes a mixed fort of triple time, which is 
beaten in double time, 

SHADOW, Shadcy in Optica, a certain fpacc de- 
prived of light, or where the light is weakened by the 
interpofitlon of fomc opaque body before the luminary. 

The do< 5 lrinc of Shadows makes aeon fiderablc article 
in optics, ailronomy, and geography j and is the ge- 
neral foundation of dialling. 

As nothing is fecn but by light, a inerc lhadow is 
invlTiblc ; and iliercfore when we fay wc fee a lhadow, we 
mean,’ partly that we fee bodies placed in the Shadow, 
and illuminated by light reflected from collateral bo- 
i efl, and partly that wc fee the confines of the light. 

When the opaque bodyi that projeils the Shadow, 
is perpendicular to the horizon, and the plane it ispro- 
jcAed on is horizontal, the Shadow is called a r^/j/ 
one : fuch as the Shadows of .raerr, trees, buildings, 
mountains, ^c. But when the horly is placed 'parallel 
to the horizon, it is called a SJ^aiUw; as tbtfahns 
of a man when Hretcbed out, &c. 

Law/ cf thePryedion 0/ Shadows* 

X. Ercry opaque body projeds « Shadow in the 


fame direclion W'ith the nvs of light ; lh:it i*?, towards 
the part oppofitc to the Hglit. Hence, as either the 
luminary or the body changes place, the Shadow 
likewife changes its place. 

2. Every opaque body projefts as many Shadows ui 
theie arc luminaiics to eulighlcn iu 

3. As the light of the luminary is more intenfe, the 
lhadow i*. the deeper, ITjnce, iheiotenfiLy of tlicSlia- 
dow IS meaiured by tlie degrees of light that fpacc is 
deprived of In reality, the Shadow irldf is not dcop‘*t ; 
but It appears fo, becaiife the furiounding bodies aic 
more inteiifcly illuminated, 

4. When the luminous body and opaque one are 
equal, the Shadow is always of the fame bieadth wrli 
the opaque body. But when the luminous body is the 
larger, the Shadow grows always Icfs and lit", the far- 
ther fiom ilicbody. And when the luminous body is 
tlic fmaller of the two, the Shadow Increafes always the 
wider, the fartlier from the body. Hence, the Shadow 
of an opaque globe is, in the fiid cafe a cylinder, in 
the fecond cafe it is a cone verging to a point, and In 
the third cafe a truneated cone that enlarges ftill the 
more the faitherfrom the body Alfo, in all thefe 
cafes, a iranfverle Sedliin of the Shadow^ by a plane, 
is a circle, refpetflively, in the three cafes, equal, lefs, 
or greater than a great circle of the globe. 

y. To find the length of the Shadow, or the axis of 
the fhady cone, projeded by a fpherc, when it is illu- 
minated by a larger one ; the diameters and dillance of 
the two fpherea being known. Let C and D be the 



centres of the two fpheres, CA the femldiamcter of the 
larger, and DB that of the fmaller, both pemndicu- 
lar to the fide of the conical Shadow BEF, whofe 
axis is DE, continued to C ; and draw BQ parallel to 
the fame axis. Then, the two triangles AGB and 
BDE being fimilar, it will be AG : GB or CD : : 
BD : DE, that is, as the difference of the femidiame- 
ters is to the dillance of the centres, fo is the femi- 
diameter of the opaque fpheie to the axis of the Sha- 
dow, or the diftance of its vertex from the faid opaque 
fpherc. 

Ex. gr. . if BD = I be the femidiametcr of the 
earth, and AC = loi the mean femidiametcr of the 
fun, alfo their dillance CD or GB = 2400O ; then a» 
100 ; 24000 : t I : ^40 = DE, wKich is the mean 
height of the carth^s Shadow, in femidiameters of the 
bafe. 


. 6. To find the length of the lhadow AC projefted 
by an opaque body AB ; hariqg' given the altitude of 
the luminary, for cx. of the Tun, above the horizon, viz, 
the angle C, and the height pr^'tM‘objfe6t AB. Here 
;he propoition ia,- as tang. Z C s.radius 1 s AB : AC. 

Or, if iHc len«h of the AC be given, to 

find the heigfe aTB, it wlttlie, v%; • ^ 
nidmi f Ubg* 4 C G A& TA Ijiv ' 


. Of, 
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■‘,Or, the length of the Shadow AC, and of the 
objed AH, be given, to find the fun*s altitude above 
the horizon, or the angle at C. It will be, 

AC : AB ; ; radius ; tang, Z. C fought. 




7. To meafurc the height of nny objed, ex. gr, a 
tower AB, by means of its fljadow projeded on an ho- 
rizontal plane. — At the extremity of the (hadow, at C, 
ered a fticlc or pole Cl), and meafurc the length of its 
lhadow CE ; alio o\eafnre the length of the Shadow AC 
of the tower. Then, by fimilar trianglcr., it will be, as 
EC ; CD : ; CA : AB. bo if EC = 10 feet, CD = 6 feet, 
and CA =95 feet j then as 10:6:: 9J : 57 feet AB, 
the height of the tower fought. 

Shadow, in Geography. The Inhabitants of the 
earth are divided, with refped to their fhadows, into 
Ascii, Ami^hiscii, Heteroscii, and Periicii# 
See ihcfe terms in their places. 

Shadow, in Perfpedive, is of great ufe in this art. 
— Having given the appearance of an opaque body, 
.and a luminous one, whofe rays diverge, as a candle, 
or lamp, Sec } to find the juft appearance of the Sha- 
dow, according to the laws of perfpedive. ^ The me- 
thod is this : From the luminous body,^ which is here 
confidered as a point, let fall a perpendicular to the 
perfj'cdive plane or table ; and from the fcvcral angles, 
or laifed points of the body, let fall perpendiculais to 
the fame plane ; then conned the points on which thefc 
latter perpendiculars fall, by right lines, with the point 
on which the firft falls; continuing thefc lines beyond 
the fide oppofite to the luminary, till they meet with 
at many other lines drawn from the centre of the lumi- 
nary through the faid angles or raifed points ; fo fliall 
the points of interfcdion-.of thefc lines be the extremes 
•r bounds of the Blmduw. 



neated. Here M is the place of the perpendicular of 
the light L, and D, E, F thofc of the rgifed points 
A, B, C, of the prlfm j therefore, draw MEH, MDG* . 
&c, and LBH, LAG, &c, which will give DEGft 
for the. appearance of the Shadow. 

As for thoie Shadows that arc ititerceptcd by other 
objeds, it may be obiVrvrd, that when the Shadow of 
a line falls upon any objed, it muft ncccfrarlly take the 
form of that objed. If it fall upon another plane, it 
will be a right line; if upon a globe, it will be circu- 
lar ; and if upon a cylinder or cone, it will be circular, 
®r oval, Slc, It the body intercepting it be a plane, 
whatever be the fituation of it, the lhadow falling 
upon it miglit be found by producing that plane till it 
intercepted the perpendicular let fall upon it from the lu- 
minoiu body ; for then a line drawn from that point 
w'ould determine the Shadow, juft as if no other plane 
had been concerned. But the appearance of all thefc 
Shadows may be drawn with lefs trouble, by f rft draw- 
ing it through thefe intercepted objeds, as if they 
had not been in the way, and then making the Sha- 
dow to afeend peipcndieularly up every perpendicular 
plane, and obliquely on thofe that aie iitiiated ob- 
liquely, in the manner deferibed by Dr, Fricllley, in his 
Perfpedive, pa. 75 ficc. 

Here w^e may obferve in general, that fince the Sha- 
dows of all objedls which are call upon th^e ground, 
will vaniih into the horizontal line ; fo, for the fame 
reafon, the vanifhing points of all Shadows, which arc 
caft upon any inclined or other plane, will be fome- 
wlierc in the vanilhing line of that plane. 

When objeds are not fuppofed to be viewed by tire 
light of the fun, or of a candle, SiCy but only in the 
light of a cloudy day, or in a room into which the fun 
does not (bine, there is no fenhble Shadow of the upper 
part of the objed, and the lower part only makes the 
neighbouring parts of the ground, on W'hich it (lands, 
a little darker than the reft. This imperfed obfeure 
kind of Shadow is cafily made, being rtothing more 
than a fliade on the ground, oppolite to the lidc on, 
which the light comes ; and it may be continued to a 
greater or Icfs dirtatiec, according to the fuppofccl 
brlghtnefs of the light by which It is made. It is in 
this manner (In order to fave trouble, and fometimes to 
prevent confufion) that the Shadows in rnoft drawings 
arc made. On this fubjed, fee Prieftley^s Perfped. 
above quoted ; alio Kirby’s Perfp. book 2, ch, 4. 

SHAFT of a Columity in Building, is the body of 
it; thus called from its ftraightnefs : but by architeds 
more commonly the Full. 

Shaft is alfo ufed for the fpire of a church fteeple ; 
and for the (hank or tunnel of ii chimney. 

SHARP (Abraham), an eminent mathematician, 
mechauift, and aftronomer, was defeended from an 
ancient family at LIttle-Hortoii, near Bradford, ih 
the Weft Riding of Yorklhire, where he was born 
about the year 1651, At a proper age he was put ap- 
prentice to a merchant at ManchclUr; but bis genius 
fed him fo ftrongly to the ftiidy of mathematics, both 
theoielkal and pradical, that he foon became unealy 
in that.fituation of life. By the mutual coiifent there- 
fore of his mafter and himfclf, though not altogether 
will that of his father, Ke quitted thcbufincfs of a m;r. 
chant, j Upon this he removed to Liverpool, where he 

give 
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gave liimfcir up wliglly to the ftudy of matheraaticf, 
aftrooomy, 5cc ; and where, for a fubfiftance^ he opeiKd 
a fchonl, a ud , taught wTitirtg and accounts, &c. 

He had nut been lung at Liverpool when heaccidcit- 
tally fell In company v/ilh a merchant or tradefman vi« 
liting that town from I^ndon,in whofe houfc it feems 
the a(lrono7)er Mr. FlrnnlKed then lodged. With the 
view therefore of becoming acquainted with this emi- 
nent man, Mr. Sharp engaged himfelf with the mer- 
chant as a book-keeper.^ In confequcnce he foon con- 
tradlcd an intimate acquaintance and friendfhip w-Ith 
Mr. FLimllced, by whole intcrcll and recommendation 
he obtained a more profitable employment in the dock- 
yard at Chalhain ; where he continued till his friend 
and patron, knowing his great merit in allronomy and 
mechanics, called him to his aftiilancc, in contiiving, 
adapting, and fitting up the allronomical apparatus iq 
the Koyal Obfervatory at (Jrecnwich, which had been 
Jnicly built, namely about the year 1676; Mr. Flam- 
llced being then 30 ycais of age, and Mr. Sharp 25. 

In tins fitnation hccontiAued to affifl Mr. Flamllccd 
in making obfervations (with the mural arch, of 80 
ii>chc8 radius, and 140 degrees on the limb, contrived 
and graduated by Mr. Sharp) on the meridional zenith 
dilkiiees of the fixed ilara, fun, moon, and planets, 
with the times of their tranfiia over the meridian ; alfo 
the diameters of the fmi and moon, and their cclipfes, 
with tliofc of ]upiter*s futelirtes, the variation of the 
compafs, 6cc. He aflificd him alfo in OKiking a cata- 
logue of near 300a Hxed dare, as to their longitudes 
and magnitude?, their right afcenlions and polar dif- 
tanccs, with the variations of the fame while they 
change their longitude by one degree. 

But from .the fatigue of continually obferving the 
Hars at night, in a cold thin air, joined to a weakly 
confutation, he was reducetlto a bad (late of health ; 
for the recovery of which he defired leave to retire to 
his lioufe at Horton ; where, as foon as he found him- 
ftlfon the recovery, he began to fit up an obfervatory 
of his own ; having firft made an elegant and curiotA' 
tngjnr, for turning all kinds of woik m wood or brafs, 
with a niaundril for turning in'Cgular figures, as ovals, 
Tofes, wreathed pillars, &:c. Befide tnefe, he made 
himfelf moil of the tools ufed by joiners, clockiriakers, 
opticians, mathematical inflrunient-makers, &c. The 
limbs or arcs of his large equatorial inftrument, fextant, 
quadrant, &c, he graduated with the niceft accuracy, 
by diagonal divifiona into degrees and minutesw The 
tclefcopes be made ufe of were all of his own making, 
and the lenfes ground, figured, and adjufted with his 
own liandsi, 

it was at this time that he afJifted Mr, Flamfteed in 
calculating moftof the tables in the fecond volume of his 
Kifiona CtrltJiU, as appears by their letters, to be feen 
in the hands of Mr. Sharp’s friends at Horton. Like- 
wife the curious drawings of the charts of all the con- 
ftcllations vifible incur hcmifphere, with the Hill more 
excellent drawings of the planifpheres both of the 
northern and fouthc rn contlellations. And though thefe 
drawings of the conftellatione were fent to be engraved 
at Amherdam by a mafierly hand,' yet the orfgltiaii far- 
c^pceded the engravings in poin^i of beauty and ele- 
gance : thefe were piibli/hcd by Mr. Harallced, and 
both copies may be feen at Horton* ^ 


The mith^maiiciau irvectrwifh fomeihing ejrtraordT- 
nary in Shaip’s elaborate treatlfe of Geometry Improved 
(In 4 ta 1717? figned A* S. Philomath.), ifi, by a large 
and accurate table of fegnrents of circles, Its conftruc- 
tion and viriDUS ufes in the folution of feveral dillicult 
problems, w ith compendious tables for finding a true 
proportional part ; and' their ufe in thefe or any other 
tables exemphfitd in making logarithms, or their natu- 
ral rumbeis, to 60 places of figures ; theic being a table 
of them for all primes to noo, true to 61 figures. 2d, 
His concife treatife of Polyedra, or folid bodies of many 
bafes, both the regular ones and others ; to wliich are ad- 
ded tw'clve new one?, with various methods of forming 
them, and their exa£l dimenfions in Curds, or fpcclts, 
and in numbers ; ilhifirated with a variety of copper- 
plates, neatly engraved by his own Irandst. Alio the 
models of thefe polyedra he cut out in box wmod with 
amazing neatnefs and accuracy. Indeed few or none 
of the mathematical infirument-makers could exceed 
him in exadly graduating or neatly engraving any ma- 
thematical or allronomical infirument, as may be feen 
in the equatorial inftrument above mentioned, or in In’s 
fextant, quadrants and dials of various forts ; alfo in a 
curious artnillary fphere, which, befide the common 
properties, has moveable circles 5:c, for exhibiting and 
refolving all fphciical triangles; alfo his double fei^loi, 
with many other inftruments, all contiivcd, graduated 
and finiftied, in a moll elegant manner, by himfelf. 
In Ihort, he pofteired at evnee a remarkably clear head 
for contiiving, and an extraordinary hand for execut- 
ing, any thing, not only in mechanics, but likewife in 
drawing, writhig, and making the moll exa6l and 
beautiful fchemes or figures in all his calculations and 
geometrical conftruiflions, 

The quadrature of the circle was undertaken by him 
for his own private amufemeut in the year 1699, de- 
duced from two different feries, by which the truth of 
it was proved to 72 places of figures ; as may be feen 
in the Introdudtlon to Sherwin’s tables of logarithms ; 
that is, if the diameter of a circle be I, the circumfe- 
rence will be found equal to 3*1415926535897932 
38462643383279502884197169399275105820974944 
592307816405, &c. In the fame book of Sherwin s 
may alfo be feen his ingenious improvements on the 
making of logarithms, and thejnconltrufling of the na- 
tural fines, tangents, andfecants. 

He'alfo calculated the natural and logarithmic fines, 
tangents, and fecants, to every fecond in the lirfl mi- 
nute of the quadrant : ' the laborious, itn^elligation of 
which may probably be feen in the archfves of the 
Royal Society, as they were prefented to Mr. Patrick 
Murdoch for that purpofe J exhibiting his very 
and accurate manner of writing and arranging his fi- 
gures, not to be equalled perhaps by the bell penman 
now living. 

The late ingenious Mr. Srneaton fays (Philbf. TranU 
an. 1786, pa. 5, &c): 

In the year 1689, Mr. Flamllced completed hn 
mural arc at Greenwich; and, In the Prol«^itcna to 
hiB Hlftoria Coclcftis, he makeaf^n ample ack^J^Yledg' 
ment of the particular affiftance, care, and induib^X’l 
Mr. Abraham Sharp;; whom, in the, month ot Au" 
gulf 1688, he brought into the obfervatory, as hi» 
amandepfiB . and being 9$ Mr* tella 
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•Oiily.ft jwry, Ikllful mathematician^ bnt exceeclinffly ex- 
pert in* mechanical operations, he was principaffy em- 
ployed in the conftrudlion of the mural arc j which in 
the compafs of^ 14 months he linllhed, fo peatly tbthc 
fatisfaAion of Mr, Flamftced| that he fpeaks of him in 
the higheft terms of praifc, 

“ This celebrated indrumcnt, of wluch lie alfo gives 
the figure at the end of the Prolegomena, was of tlic 
radius of 6 feet 7f inches ; and, in like manner as the 
fextant, was funiifhcd both with ferew and diagonal di- 
vlfions, all performed by the accurate Innd of Mr. 
Sharp. But yet, whoever compares the clifierent parts 
of the table for converfion of the revolutions and parts 
of the ferew belonging to the mural aic into degrees, 
minutes, and feconds, with each other, at the fame 
dillancc from the zenith on difierent Tides; and with 
their halves, quarters, &c, will find as notable a difa- 
greement of tiic ferew-work from the band divifiona, 
«is luid appeared before in the work of Mr. Tompion-; 
and hence we may conclude, that the method of Dr. 
Hook, being exiiuted by two fuch nuiftcily bands as 
Tompion and .bhaqi, and found defective, is in rea- 
lity not to be depended upon in nice matttrs. 

“ l^rom the account of Mr. Fl.imlleed it appears 
alfo, that Mr. Sharp obtained the zenitli point of the 
inflrument, or line of collimation, by obfervation of 
the zenith liars, with the face of the iiiilrunieut on the 
cad and on the well fide of the wall ,• and that having 
made the index flrongcr (to prevent flexure) than that 
of the fextant, and thereby heavier, he contrived, by 
means of pulleys and balancing weights, to relieve the 
linnd that was to move it from a great part of its gra- 
vity. Mr. Sharp continued in llridl: correfpondence 
with Mr. Flamftecdas long as he liycd, as appeared by 
letters of Mr. 'Flamllced’s found ato Mr. Sharp's 
death ; many of which I have feen, 

“ 1 have been the more particular relating to Mr. 
Sharp, in the bufinefs of condruiling this mural arc; 
not only becaufe we may fuppofc it the fird good and 
valid iiiftrumcnt of the kind, but becaufel look upon 
Mr, Sharp to have been the lirft pcrfoii that cut accu- 
rate and delicate divifiQus upon aftronomical inftrii- 
ments ; of "which, independent of Mr. Flamlleed's 
‘tfflimony, there ftill remain confiderable proofs ; for, 
after leaving Mr. Flamlieed, and quitting the depart- 
ment above-mentioned; tie retired into . yorkfliire, to 
the village of Little Horton, near Bradford, where he 
ended his days about the year 1743 (Ihouldbe, in 1742); 
and where I have feen not only a large and very fine 
collection of mechanical tools, the principal ones being 
tnade with his own hands, but alfo a great variety of 
fcales and inllruments made with them, both in wood 
and brafs, the divlfions of which were fo cxquifitc, a« 
'^'ould not riifcredit the firft artifts of the prefent times : 
and 1 believe there is now remaining a quadrant, of 4 
5 feet radius, framed of wood, but the limb covered 
'vith abrafs plate ; the fiibdivifions being done by diago- 
the lines of which afe as finely cut as thofe upon 
me quadrants. at Greenwich. The delicacy of Mr. 
Sharpes hand will indeed permanently appear from 
the copper-plates m a quarto book, publifhed in the 
year 1718, intituhd Gtiom^/ry Improvti by A. Sharp, 
Fhilomath.'' (or rather 17 17, bv A. S. Philomath.) 
* whe^coCiiot only t.he geometrical line* upon tlieplates, 


.but the whole of the engraving of letters and figure^ 
w^e done by himfclf, as I was told by a perTon ia 
the mathematical line, who very frequently attended 
Mr, Sharp in the latter part of his life. I there- 
fore jook upon Mr, Sharp as the firft perfon that 
brought the affair of hand divifion to any degree of 
perfedion.’* 

Mr. Sharp kept up a coiTcfpondcnce by letters with 
moll: of the eminent mathematicians and aftronoiners of 
liis time, as Mr. Flamftccil, Sir Ifanc Newton, Dr. 
Plallcy, Dr, Wallis, Mr. Hodgfon, Mr. Slierwin, &c, 
the anlwers to which letters arc all written upon the 
backs, or empty fpaeCs, of tlic letters he teeelved, in a 
fhort-hand of his own coutiivance. Fioin a jp-eat variety 
of letters (of which a laige cheft full lemain with his 
friends) fiom thefe and many oilier ctlebratccl mathe- 
maticians, it is evident that Mr. Slurp fpareel neithci* 
pains nor time to promote u al feience. Indeed, being 
oncofthemoft aecurntc and indefatigable computers 
that ever cxitted, he was foi many years the common 
rcfource for Mr. Flamlleed, Sir Jonas Moore, I)r. Hal- 
ley, and othcis, in all lorts of trouhlefome and delicate 
calculations. 

Mr* Sharp continued all his life a bachelor, and fpent 
his time as reclufe as a hermit. He was of a middle 
ftature, but very thin, being of a weakly conditution ; 
be was remarkably feeble the laft three or four yeaiT. 
before hedied, wdiich was on the iSthof July I742, in 
the gift year of Iv’s age. 

In his retirement at Little Horton, he employed 
four or five rooms or apartments in his houfe for dif- 
ferent purpofes, into wbicli none of his family could 
poflibly enter al^any time wirhoiit bi<r prrmiJTion. He 
was feldom vifited by any pei-fons, exoipt two gentlemen 
of Bradford, the one a mathematician, and the other 
an ingenious apotlrcc-aiy : thefe were admitted, when 
he chofe to be feen by them, by the figna) of rubbing 
a llone agalnfl a certain part of tire outfidc wall of the 
houfe. He duly attended the diffenting chapLi at Brad- 
ford, of which he was a member, cveiy Sunday; at 
which time he took care to be provided with jdmty of 
halfpence, which he very cliariiahly fiifhied to l)c taken 
fingly out of his bund, held behind him during his 
walk to the thapd, by a number of poor peo])le wlio 
followed him, without liis c\er Jookirig back, or ailiing 
a fin pie quv.ftion, 

hli'. iSlr.irp was very in-eguiar as to bis meals, and 
remarkably fparing In his diet, which he frequently took 
in the following manner, A little Iqinue Irole, forne- 
tliing like a witrdow, made a communicatjorr between 
the room whci'c he was gfually employed in cnlculationo, 
•and another chamber or room in the houfe where a fer- 
vant could enter ; and before this hole he had contrived 
a Aiding board; the fervant always placed his victuals 
in this hole, without fpeaking or making any lire leaft 
noife ; and when he had a little IcifurC he vififed his 
cupboard to fee what it afforded to falisfy his hunger 
or thirft. But it often happened, that the brcakfall, 
dinner, and fupper have remained untouched by him# 
when the fervant has gone to remove what was lc'lt---f» 
deeply engaged had he been in calculations.—Cavilies 
might eafily be perceived in an old Errglifti oak tabic 
where he fat to write, by the frequent rubbing an() 
wealing of hia eIbow8*-p-Ga//<i 





By Mr. Sharp's epitaph ttaMC|fi that he 
to archbifliop Sharp, And .lJtif,, Sharp the 
furgeon, who it fectns has lately^fhired frooi.bijirincfc, 
is the nephew of our author. Another nephcwr was the 
father of Mr. Kamfden, the prefent celebrated inftru- 
inent makn, who Tnys that his grand uncle Abtaham, 
our author, was fome time in his younger days an ex- 
cifeman ; which occupation he quitted on coming to a 
patrimonial eftateof about 20ol, a year. 

Sharp, in Mufic, a kind of aitificial ndtc, or cha- 
racter, thus formed this being prefixed to any note, 
fliews that It is to be furig or played a femitone or half 
note higher than the natural note is. Wlien'a Sharp ia 
placed at the beginning of a (lave or movement, it fliews 
that all notes that are found on the fame line, or fpace, 
thnmghout, are to be raifed half a tone above their 
natural pitch, unlcfs a natural intervene. When a 
Sharp occurs accidentally, it only affei^ts as many notes 
as follow it on the fame line or fpace, without a natural, 
in the cutnpafs of a bar. 

SHEAVK, in Mechanics, a folid cylindrical wheel, 
fixed in a cliuunel, and moveable about an axis, as 
being ufed to raife or incicafe the mechanical powers 
applied to remove any body, 

8HKERS, aboard a fhlp, an engine ufed to lioifl: 
or difplace the lower mails of a (liip. 

iSnKKEL, or Shekle, an ancient Hebrew' coin 
and weight, equal to 4 Attic drachmas, or 4 Roman 
denarii, or as. 9ld, llerling. According to father 
ilcrfennc, tlie Hebfew Shekel weighs 268 grains, 
and is compofed of 20 oboli, each oboliis weighing 16 
giains of wheat, 

SHILLING, an Engllfb fitver coin, equal to 12 
pence,. or the 20th part of a pound flcMling, 

This was a Saxon coin, being the 48th part of their 
pound weight. Its value at firlt was 5 pence ; hut it 
was 1 educed to 4 pence about a century before the con- 
quefl. After the conqueil, the Frencli folidus of I2 
pence, wiiieh was in ufe among the Normans, was 
calkd by the Englifli name of Shilling ; and the Saxon 
Shilling of 4 pence took a Norman namfe, and was 
called the ^roafy or ^^rreut coin, becaufe it was the largeft 
Englifli coin then known irt England. From this time, 
the Shilling underwent many alterations. 

M any other nations have alfo their Shillings. The 
Englifli Shilling is worth about 23 French fols ; thofe 
of Holland and Germany about half as mych, or 1 1 J- 
fols ; tliofe of Flanders about 9. The Dutch Shillings 
are alfo called fols de ^rosy becaufe equal to 12 grofs. 
The Danes have copper Shillings, worth about one 
fourth of a farthing llerling. 

In the time of Edward the ifl, the pound troy was 
the fame as the pound fteilingof filver, confiftingof 20 
Shillings; fo that the Shilling weighed the 20ih part 
of a potttid, or more than half an ounce troy. But 
fome are of opinion, there were no coins of this deno- 
mination, till Henry the 7lh, in the year 1504, fiifl 
cointd filvcr pieces of 12 pence value, which wc call 
Shillings. Since the nign of Elizabeth, a Shilling 
weighs the 62nd part of a pound troy, or 3 dwts. ao^ J 
gi-s. the |>ound weight of filver making 62 Shillmgs, 
And hence the ounce of filver is worth 55, 2d. or 5 J 
Shillings, 

SHIVERS, ill a fliip, the feamen's term for thofe 


of a j)ul!y or 

Moejit^hs. They turn with the rope, and have pieces 
of Wiafn their cctifrcs, into vrhich the pin of the block 
goe^, ffid 6n which they turn. 
SHORT-SIGHTEDNESS, myjpioy a defe£l; in 

the conformation of the eye, when the cryllallifie 
being too convex, the rays tl;^t enter the eye are re- 
framed too much, and made to converge too fall, fo as 
to unite before they reach the retina, by wlilch means 
vifion is rendered dim and confufed. 

It is commonly tlionght that Short-fightednefs wears 
off in old age, on account of the eye becoming flnUrr \ 
blit Dr. Smith (piellions whether this be matter of 
or only by potlu fis. It is remarkable that Short lighted 
perfons commonly write a fmali hand, and love a fmaJl 
print, beeaufe they can fee more of it at one view. 
That it is cuflomary with them not to look at the 
perfon they Converfe with, becaufe thty cannot well 
fee the morion of his eyes and features, and are there- 
fore attentive to his words only. That they fee more 
difUudly, and fomewhat farther off, by a ftrong ludjt, 
than by a wcA one ; becaufe a (Inmg light caufesa 
contrail ion of the pupil, and coiilequently of the 
pencils, both here and at the retina, which leffens 
their mixUue, and conf<qiuntly the apparent, con- 
fnlion ; and therefore, to ffe more diflincl.ly, they 
almoll clofc their eye-lids, for which le.ifon they were 
anciently called Smithes Optics, vol. 2, Keiu. 

p. 10. 

Dr. Jyrin ohfeiwefc, that peTfons wl;o are much and 
long accpllomed’to view objeds at Imall dlllanccs, as 
ftudijirtf. i» g<nV/al, watchmakers, engravers, paijiteis 
In miniature, Sec, * fee, better fmall dlltances, an i 
wo’-fe at grtat diltahees, than other people. And he 
^ives the r^afons, from the m^’c^i^ipical effed of habit 
in the eye. Effay on Dill, and Indifl. Villon. 

The ordinary renfe^dy for ShOrt-fightedpefs is a con- 
cave Ien8„ held before the eye| for- tin's canfiiig the 
rayi to diverge, or at leafl diminifhinjr much of thu'r 
convergenty, it makes a compenfation ^rwthc toagK.n 
convexity of the crylbllinc. Dr. .Hool^' fuggcils an- 
other remedy ; which is to convcK glafs, in a 

pofition bet^'een the objed qnd‘tbe' eye, by means of 
which, the objed may bimadc to Appear at any dilhnee 
fronuhe cyc, and fdthc eye bt'made to contemplate the 
pidirpe’in'the^ime mannet’-dS if the objed itlelf wae 
ni its place. But here unfortunately the image \m 1 I 
appear inverted : for tliis howeverhc lias fome whiinrical 
expediqits; viz,' in leading to tunw»the book npti ic 
down, and to^earn to write upfide down. As to dii* 
tant objeds, the D^wdor affci% from his ovrn cxpei icnce, 
that with a little piadicc.jjj conbrnplatiDg invcited d- 
jccIr, one gets as good aoldp of them as if feen in 
their natural poflurc. 

SHOT, in the Military Art, includes ^11 fotts of 
balls or bullets for fire arms, from thtfs qniMion to the 
piftol. As to tboft* for mortars, they aft ufually called 
(hellf, ' 

Shot are molUy of a rtnlnd form, though there arc 
other fliapeji. Thot'e for cannon*arc pf iron ; but tiiole 
for mufkets atid piffoUare of lead. 

Cannon fliot aiid ffielU are ufu ally" f?t rtp in pih’S, 
heapai tapering from the bafe tbwVds' the top; 
bafe being ‘cither a iitiangle, a rquaft/ a rtdancle ; 

frt)Ui„ 



STD [ 

from which the number in ^the pile ii eafily computed* 
See Pile. 

The weight ind'dimcnfiona of balls may be found, 
the one fiom the other, whether they arc of iron or of 
lead. Thus, 

The weight of an iron ball of 4 inches diameter, is 
91b, and bccaufe the weight is as the cube of the 
diameter, therefore as 4^ : 9 : : w, the 

weight of the iron ball whofe diameter is d ; that is, 
of the cube of ha diameter. And, converfely, if 
th e wei ght be given, to find the diameter, it will be 
~ di that is, take or <if the weight, 
and the cube root of that will be the diameter of the 
iron ball. 

For le.ukn balls; one of 4! inches diameter weighs 
17 pounds; therefore as the cube of 4^ is to 17, or 
neaily as 9 : 2 : : d^ : rt: the weight of the 

leaden ball whofe diameter is d^ that is, | of the cube 
of the diameter. On the contrary, if the weight be 
given, to find the ‘diameter, it will be i/ ^ w ^ d; 
that is, f or .4f of the w^cight, and the cube root of 
the prodmfl. See my Conic Sediona and Selcd Ex- 
crclfes, pa. 141. 

SHOULDER of a Bajlkn^ in I^oitidcalion, is the 
UHgle where the face and the flank meet. 

SHOULDERING, in Fortification. See BpauU* 

VU'tif, 

SHWAN'/jw, a’Chlnefe inflfument, compofed of 
a number of wires, with beads upon them, which they 
move backwards an4 forwards, and which fmesitaaffift 
tliem in their compnUtiow. See Abacus. ' •% 

SIDE, htus, in Geometry. Tile f^leof a figure is 
a Tine making part bf the periphery of any fuperficlal 
figure, viz, a part between two fuceefTive angles. 

In triangles, the fidcs arc alfo called le^s* ,In a right- 
angled triangle, Ac twa fides’ that include the nght 
angle, are called catlelu or fometimes the hdfe and per- 
pendicular ; 4 nd the thiid fide, the hypolhemtfe. 

Side of a Polymhi'ff Umber ^ is the number of terms 
in the arithmetics progrclDo^ ^liat are fummed up to 
form the number. ^ 

Side ^ a Power^ Uwhat is ufually called the root 
or radix. 

Sides of Horn-works^ Crown-worhy Douhle-fenailks^ 
^c,^are the ramparts and parapets which Inclofe them 
on the right and kft, from the gorge Ui the head. 

SIDEREAL, or Sjderial, fomethmg relating to 
the ftars. As Sidereal year, day, &c, being thofe 
niarked out by the ftars. 

Sidereal 2 ’ear, See Year. 

Sidereal Day^ is the time in which any ftar appears 
to revolve from the meridian to the meridian again ; 
which is 2^ hours 56*" 4^^ of mean folar time; 
tbei-e being 366 Sidereal days in a year, or in the time 
of 365 diurual revolutions of the fun ; that is, exadly, 
if the equinodial points were , at reft in the heavens. 
But the cquinodiil points go backward, with refped 
to the ftars, at the rate of 50*^ of a degree in a Julian 
which C«ufeth.the ftars to have an apparent pro- 
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peflivc motion eaft ward 50^' in that time. And as the 
1W*8 mean motion in the ecliptic is only ii figns 29® 
4V 4 ^" 3.^5 it follows, that at the end 

or that time he will be 14' ji)'"' 4;^^' fluut of that 
point of the ecliptic from which he let out at the be- 
ginuing ; and the ftars ^viil be advanced 50''' of a dcgice 
with refptd to that point. 

Confequcntly, if the fun's centre be on the meridian 
with any ftar on any given day of the year, that ftar 
will be 14' 19" 45^/' 4- S^" ^ i' 9" 4j'" caft 

of the fun’s centre, on the 36^tli day aftervvaixl, W’licn 
the fun’s centre is on the meridian ; and ihntfoie that 
ftar will not come to the meridian on that day till the 
fun’s centre has pafled it by i' o'' 38'" of mean 

folar time; for the fun takes fo much time to go tlirougli 
an arc of 15' 9" 45"'; and then, In 36 o’* 1' o" 
38**' 57'''* the ftar wdll have juft competed its 366th 
revolution to the meridian. 

' In the following table, of Sidereal revolutions, the 
firft column contains the number of icvolutions of the 
ftars ; the others next it flicw xhe times in wdiich tfiefe 
revolutions arc made, as Ihcwn by a will regulated 
clock ; and thofe cm the light hand (hew the daily ac- 
cclei-ations of the ftars, that is, how^ much any liar 
gains upon the time (hewn by filch a clock, in the cor* 
refpouding revolutions. 
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friend, aitoeitclte Ws amaaemcnt upon hi* return » m 
confequtnce of which he fct bimfclf about ereamg a 
genethliacal figure, in order to a prefage of fhomas a 

future fortune. , . , . i . 

This polition of the heavens h.avttig been maturely 
confidered jetundum artmy the wizard, with great 
confidence, pronounced, that, “ within tv^O ye<u•stnnc 
Simpfon would turn out a greater man than hmiltlt . 

In faa, our author profited fo well by the encourage- 
ment and alVillance of tlic pedlar, afforded him from 
time to time when he occafioiially came to Nuneaton, 
that, by the advice of his friend, he at length made 
j*n open profefiioa of calling nativities himWf; horn 
which, together with teaching an evening fchool, he 
derived a prettv pittance, fo that he gicatly negk^cd 
his weaving, to which indcul he had never mauirdled 
any great attachment, and loon became the oracle of 
Nuneaton, Bofwoilh, and the environs.^ Scarce a 
courtfhip advanced to a match, or a bargain to a lale, 
without pievioully confulting the iulalhble Simpluu 
about the confuquercis. l^ut us to helping people to 
llolcu goods, he always dcchiKd that above his iKill ; 
and o;cr life and death he declared he had no power : 
all thofe called qmjlmi he rcaddy rdolvcd, 

provided the perfons were certain as to tl.c horaiy oaUt 
of the horofeope : and, he has often declared, with 
fuch fucceis, that if from very cogent reafons he had 
pot been thoroughly convinced of the vain foundation 
and fallacloufiiefs of his art, he never (hould have dropt 
it, as he afterwaids found himlcll m confcieiicc bound 

About this time he married the widow Swirificld, in 
whofe houfe he lodged, though flie was then almoll old 
enough to be his giandmother, being upwards ot hity 
years' of age. Afier this the family lived comfortably 
enough togetlur for fome Ihort time, Simpfon occaii- 
onally working at his bufinefs of a weaver in the day- 
time, and teaching an evening fchocl or telling fortunes 

at night ; the family being alfo farther aflilttd by the 
labours of young Swimicld, who had been brought up 
in the profcflion of his father. 

But this tranquillity was foon internipted, and our 
author driven at once from his home and the pTofcfhon 
of aflrohigy, by the following accident. A young 
woman in the ncighbouihood had long wifhed to hear 
or knoM^ fomething of her lover, who had been gone 
to fea I but Simpfon had put her off from time to time, 
till the girl at laft fo importunate, that he could 
deny her no longer. He afked her if Are would be 
afraid if he fhoiild ralfe the devil, thinking to deter her; 
but (he declared (he feared neither ghofi nor devil; lo 
he was obliged to comply. The feene of a Aion pt^hed 
upon was a barn, and young Swinfield was to a« the 
devil or ghoft; who being concealed under lomc Itraw 
in a corner of the barn, was, at a fignal given, ^ 
ilowly out from among the ftraw, with his face marked 
fo that the girl might not know him. Every thing 
being in order, the gtrlcamc at the time appointed j 
when Simpfon, after cautioning her not to be afraid, 
began muttering fome myftical words, and chalking 
round about them, till, on the fignal given, up riles 
thctaylor flow andfolcron, to the great tenor of the 
poor girl, who, before (he had fee n half hii (^uldcrs, 
ItU into violent fits, crying out. It was the very Y 
bj fr lover; and the upon her wm fo dreadfuJi 


that itiwaa-thought cither death or madnefe muft be 
the confoquence. So that poor Simpfon was obliged 
immediately to abandon at once both his home and the 

profcflion of a conjuror. , a . tn , 

Upon tliis occalion it would feem he fled to Derby, 
where he remained fome two or three years, viz, iroia 
1733 lifl *75>or 1736; inflrudting pupils in an evening 
fchool, aiKi working at his trade by day. 

It would feem that Simpfon had an early turn for 
verfifying, belli fiom the circumltance of a fong w'rittcn 
here ill favour of the Cavendifli family, on occalion of 
tlic pailiamentary election at that place, in the year 
1733; and from his full two mdthemaucal queflions 
thatweic pubhlhcd in the Ladh:, Diary, which wcie 
both in a kt of seifcs, not ill wiitten for tire occalion. 
Thcfe were printed in the Diary for 1 756, and thcrcfoie 
mud at latell have been wniuen m the year I 735* 
two (jueftions, being at that time pretty diflicult onc.s 
(hew the great progrefs he had even then made in the 
mathenialics ; and from an o.^refoon in the fiill of 
them, viz, where he mentions his refidcncc as being in 
latitude 5:' , it ap[>ears ’,e w'as not then come up to 
London, though he mull have done fo very foon ahei. 

Togethei With his allrology, he had loon fuinided 
himielf with arithmetic, algebra, and geometiy fuf- 
ficicnt to be qualified loi looking into the Ladies Diaiy 
(of which he had alterwaids for fcveral yeais the direc- 
tion), by which he came to undcrlfond that theie was 
a dill higher branch of the mathematical knowledge 
than any he had yet been acquainted with ; and tiiia 
was the method of Fluxions* But our young anni)lh 
was quite at a lofs to difeover any Englifh autiior who 
had written on the fubjed, except Mr. Hayes; and 
his w'ork being a folio, and then pretty fcaice, ex- 
ceeded hisability of purchafing : however an acquaint- 
ance lent him Mr. Stoners Fluxions^ which is a tramla- 
tion of the Marquis de I'* HoJpiiaC s Aualyjc dcs hjinmeni 
Petits: by this one book, and his own penetrating 
talents, he was, as we (hall fee prefently, enabled in a 
very few years to compofc a much more accurate treatile 
on this fubjed than any that had before appeared in 
our language. 

After he had quitted allrology and its emoluments, 
he w'as driven to haidfliips for the fubfi Hence of his 
family, while at Derby, nutwithftanding his other m- 
duftrious endeavours in Ids own trade by day, and 
teaching pupils everungs. This determined ium to 
repair to London, which he 4id in 1735 , 

On his firft corning to London, Mr. Sinfipfon wrougiit 
for fome time at his burmefs in Spitalfields, and tauglit 
mathematics at evcniygs, or any (pare hours. Ihs 
induftry turned to fo good Recount, that he returned 
down into the countryj^ and brought up his wife and 
three children, (he having produced her firft child to 
him in his abfence. The number of his fcholars in- 
creafing, and his abilities becoming in fome meafurc 
known to the public, lie waa encouraged to make pm- 
pofals for publilhing by fubferiptioR, A new Trent ife 
of Fluxions; wherefo the Direct and Jnverfe Met hoes 
arc demonftrated after a new, clear, and cpncile Man- 
ner, with their Application to Phyfics and Aftronomy. 
alfo the Dodrine of In^nlic Series and Hearting be- 
lies univerfally, are amply explained, Fluxionary and 
Exponential Equations folved: together wi^E a variety 

of new and curious Prohlcma, 
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When Mr. Simpfon firft propofcd his intentions of 
publifting fuch a work, he did not know of any Englift 
book, founded on the true principles of Fluxioifs, that 
contained any thing material, efpeclally the pradical 
pat t ; and though there had been fome very curious 
things done by (everal learned and ingenious gentlemen, 
the principles were neverthelefs left obfenre and defec- 
tive, and all that had been done by any of them in in- 
finite ferksy very Inconfiderable. 

The book was publifted in 4to, in the year 1737, 
although tlic author had been frequently interrupted 
from fun. ilhiiig the prefs fo fafi as he could have wifhed, 
through his unavoidable attention to his pupils for his 
immediate f-ipport. Tlte nrinciples of fluxions treated 
of in this work, are demonfltated in a method accuiate- 
b' true and genuine, not effentially diH'eient from that 
of their great inventor, being entirely expounded by 
fmite quantities. 

In I "40, Mr. Simpfon publifted a Tieatife on The 
Nature and Laws of Cliauce, in 410. To whieli are 
annexed, Full and clear InvclHgations of tw'o important 
Froblems added in the 2d Edition of Mr. De Moivic’s 
Fook on Chances, as alfo tw^o New Methods for the 
Sununutioa of Series. 

Our author’s next publication was a 4to volume of 
Eflays on Itveral cuiious and intcrefting Subjedls in 
Speculative and Mixed Mathhmatics: piinted in the 
f.ime year 1740: dedicated to Francis Flake, Efq. 
fince Frllovv of the Royal Society, and our author’s 
good friend and patron. — Soon after the publication of 
ihiti book, he was ehofen a member of the Royal Aca* 
demy at Stockholm. 

Our atithor's next work was, The Dodrine of Annui- 
ties and Revcrfions, deduced from general and evident 
Principles : with uhful Tables, ftewing the Values of 
Single and Joint Lives, Sic. in 8vo,'’l742. This was 
followed in 1743, by an Appendix containing fome 
Remarks on a late book on the fame Subjed (by Mr. 
Abr. De Moivre, F. R. S.) with Anfwcrs to fome per- 
fonal and malignant Reprefentations in the Preface 
thereof, To thisanfwer Mr. De Moivre never thought 
fit to reply. A new edition of this work has lately 
been publifted, augmented witli the tr.idt upon the 
fame fubjed that was printed in our author’s Select 
Exercifesr 

In 1743 alfo was publifted his' Mathematical Difier- 
tallons on a variety of PhylLal and Analytical Sub- 
jects, in 4I0.; containing, among other paiticulars, 

A Demondratidn of the true Figure which the 
Earth, or any Planet, mull; acquire from its rotation 
about an Axis. A general Inveftigation of the Attrac- 
tion at the Surfaces of Bodies nearly fpherical. A l)e- 
terminatiofl of Meridional Parts, and the Lengths 
of the fcvcral Degrees of the Meridian, according to 
the true Figure of the Earth. An Invelligation ol the 
Height of the Tides in th^ Ocean. A new Theory 
of Aftronomical Refradions, with exad Tables de- 
duced from the fame. A new and very exaft Method 
for appiiDximaiing the Roots of Equations in Numbcis; 
which quintuplet the number of Places at eacli Opera- 
tion. Several Methods for the Summation of 
Series. Some new and very nfeful Improvements in 
the Invcrfc Method of Fluxions. The work being 
dedicated to Martin Folkcs, Efq. Prdident of the 
Rpyal Society. 


His next book was A Trcatife of Algebra, wherem 
the fundamental Principles are demoniliated, and ap- 
plied to the Solution of a variety of Problems, To 
which he added, The Conllnidion of a givat Number 
of Geometrical Problems, with the Method of rci'olv- 
ing them numciieally. 

This woik, which wasdcfigned for the nfe of young 
beginners, was inferibed to William Jones, Efq, 

F. R. S. and printed In 8vo, 1745. And a new edi- 
tion appeared HI 171^5, with additions and improve- 
ments ; among which was a new and geneial method of 
rdolving all Biquadratic Equation':, that aieoomplcte, 
or having dll their teim”. This editu n was dedicated 
to James Earl of Moitcm, F. R. S. Mr. Jones being 
then dead. Tlic w’ork has gone tlirough feveral 
other editions lince that time: the bth, or lall, was in 
1 790. 

His next wmrk was, “ Elements of Geometry, with 
their Application to the Mcnluiation of Supeificies and 
Solids, to the Determination of Maxima and Minima, . 
and to the Conllnnftion ol a great Variety of gcome” 
trical Pioblems:” full publlfhcd In 1747, in Svo. 
And j fccoiid edition of the lame came out in 
with great alterations and additions, being in a manner 
a new vvoik, dtfigned lor young beglmieis, particu- 
larly for the gentlemen educated at the Royal Military 
Academy at Woolwich, and dedicated to Charles Fre- 
derick, Pfq. Surveyor (General of the Ordnaiice. And'* 
other editions have appeared fintc. 

Mr. Simpfon met with fome trouble and vexation 
in conftipience of tlic firll edition ol his Geometry. • 
L'irll, from fome reflections made upon it, as to the 
accuracy of certain parts of it, by Dr. Robeit Sinifon, 
the learned profeflbr of mathematicks in theuniveifiiy 
of Glafgow, in the notes fuhjoined to his edition of 
Euclid’s Elements. This brought :iii anfwer to thofc 
remaiksfiom Mr. Simpfon, in the notes added to the 
2d cdiliun as above ; to fonu* parts of which Dr. Sim- ■ 
fon again replied in liis notea 011 the next edition of the 
faid Elements of Euclid. 

The feeond was by an illihcial charge of having , 
llolen hi» Elements fioin Mr. Muller, the profelfor of 
foitificalion and aitilleiy at tlie lame academy .nt Wool- 
wich, where our author was profelfor of geometry and ' 
mathematics. Tin’s charge was made at tlic end of the 
preface to Mr. Muller’s hlemenis of Mathematics, in ■ 
tv\o volumes, piinted in 174S ; which v^as fully refuted 
by Mr. Simplon In the pretace to the zd edition of his < 
Gcometiy. 

In 174S came out Mr. Slmpfon’s Trigonometry, 
Plane and Spherical, with the Conftrudtion aixl Appli- 
cation ol Logarithms, 8vo. This little book contains • 
leveral things new and ufeiul. 

in 1750 came out, in two volumes, 8vo, The Doc- 
trine and Application of Fluxious, containing, befidcs 
what is common on the Subjcdl, a Number of new Im- 
provements in the I'heory, and the Solution of a Va- 
riety of newandveiy intcrefting iViblems in difiFerent 
Branches of the Mathemalica. — In the preface the 
author olfti 8 this to the woild as a book, rather 
than a feeond edition of that which was publifted ’ 
in I737» in which he acknowledges, that, be/ides . 
errors of the prtfs, there ate fcvcral obfeurities and 
defefts, for want of experience, and the many difad- 
vantages he then laboured under, in his firll fally. 

The 
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"TVie i(}<a and explanation here given of the firft pnn- 
■cIpUi of Fluxions, are not efrentlally different from 
vlrat th-.y arc in his foimtr treatife, though exprclled 
in oihcr teriMt. The conhderai (ui of inne introduced 
intofhe gtnei-il dtiinition, \\iil, he fays, peiliaps be 
dilliktd 1 \ thole who would have Iluxioiis to lx.* were 
^clrA //>i : h It the :i(i vantage of confidei .''.g tin m other, 
v.ift, vl/, not as the Nilocit'es theudcl^es, but as mag- 
ihiiuits tliev uiiirounly geneiate in a given time, 

appeals to tibviaie .uiy ohji-Viion on lliat head, by 
taking flosioi'.-is in.i e vch eilu i, the imagiiutitm is 
corhned as n -aeie to a po>nS and y.ithoiit propci tare 
iiiUithhly iii-ohcd in nictaph) lieal dojlcnlties. 'But uc- 
eoidiiig to tins ijther incide oi explaining the mailer, 
Ids eaulion in ll.e ha.ner n. mecilaiy, and tlie higher 
ouUrs of iluxioir. aie unuhud much more eafy and 
iutclligille. Befides, though vSii Ifaac NVwtou delines 
fluxions to be the vdocities oi motH>ns, yet he has re- 
eouileto the iiu i< incuts oi mornuits gtiie^atid In equal 
particles of time, in onhi to dep'imme thole vdoeilus; 
mIucIi he nftiiv\;n(Mc\'chcS to expound by finite mag. 
nitmleb of other kinds, 'fhis wo’.h was dcdicaltrl to 

(Tu)ige call ol iMaeelt shtld . 

Ill 17^'2 appealed, in 8\o, the S I d hxemfes for 
y,<uii;^ r't'/iuuii in /Ae J\!(iiL\f/h/fus, 'rhis neat volume 
contains, A gieat Variety ot algcbiaieal I'loblern^, 
witli their SoUitiuns. A Idecr Number of C>cometii- 
e.,1 Pioblttns, \Mch their Siduiions, loth algebraical and 
gcoineti ie'ul. I'hc dhct)ry of Gunnery, independent 
'({ the Conic Sections, A new and very compuheii- 
I've Method foi finding the Roots of Kquatioiis in 
Numbeis. A Hiort Account of the fit tl Ti Inc. 'pics of 
lluxions. Alio UiC Valuation of Annuities for fingle 
cpid joint Liv. s, ,with a Set of new 1‘sbles, far moie 
txltnfivc th.aii aiif extant. This lalf part was dcfign. 
cd as a fupplenicnt to his Do^rine of Annuities aiuj 
Kevt’i lions ; but being thought too fun^li i<^c pnblifheth 
alone, it was inleited heie at tlic ?tid^'dF,tnt Seleft Ex- 
eicilcs; from whence however it has ‘been removed in 
the lad editions, aiidrefcired to its pioper place, tint 
end of the Annuities, a‘' bdoic menlioned. The ex- 
amples that are given to each problem in this lad piece, 
are accoi cling to the Gordon b.lls of mort.dity ; but 
the foliuions are gtueial, and may he applied with 
cejual facility and advantage to any other table of ob- 
fervations. The volume is dedicated to. John B.acpn, 
Idq. F.R.S. . 

Mr. binipfon’s Mifcdlaneous Trarffs, printed in 4to, 

^ 757» w ere his lafl Icgat y to the public : a mod valuable 
beemed, whether we coniuler the dignity and import- 
ance of the fubjeas, or his fublime and accurate man- 
ner of treating ibem. ^ . . 

The fird oi thtle papers Is concerned In determining 
ihc'PreCeflion of the Equinox, and the different Mo- 
tions of the Eaith^AxIs, arifmg fiom the Attraaion 
of the Sun and Moon. It was drawn up about the 
year 17521 tn confequence of another on the fame 
i'ubjea» by M. de Sylvabelle, a French gentleman. 
Though this gentleman bad gene through one part of 
the fubjea with fuccefs and perfpicuity, and his coiit 
clufioo^ were perfciflly ccnfbimable to Dr. Bradley’s 
obfevvations ; it ncvcrlbcltfs appeared to Mr. Slmpfon, 
that he had greatly failed in a very material part, and 
that Iirdced the only very difficult one ; that is, in the 
^Ictcrminalioa of the momentary alteration of the po- 
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fiiion of the earth’s axis, caufed by the forces of the 
fun and moon ; of which forces, the quantities, but 
not the effect?, arc truly irtvedigatcd. Ehc Iccond 
paper contains the Invelligation of a very exatb Metnocl 
or Rule for liiiding the Place of a Planet m us OrOit, 
from a CoricAion of Bifiiop Ward s circular Hypo- 
thtlis,. by hA.’ns of certain Equations applied to the 
Motion about the upper locus of the Ellipfe. By this 
Method the Uclult, c\eu in llie Orbit of Meiciiiy, 
maybe found uithiii a Second of tlic rrnth, ano tuai 
uithuut u pealing the Operation. 'I'hc third (hews the 
Manner of transferring ihc Motion of a Comet fiom a 
parabolic Oibit, loan elliptic one; being of gieat IJh-, 
when tin obh rved Places of a (nev. ) Comet arc ioinid 
to d tier Icidibly fu-m thofe computed on tl.cIlNpi 
iheih. of a paiabollc Orbit. The fourth us an Attempt 
to Ihew, fiuin mathematical Piiueiph.., tlie Advantay;: 
anfiP'; l'i(»m taking the Mean of a h.iimbm ol 
vations, in praAical AllionoUiy ; vheiein the Ou 0^ 
th.'t the Rcfult in ihis Way, is mote’ e>waet thin liotn 
one finglc Ol)ler\ation, is evinceO, and the UliIiL) of 
tlic Method in Prac^tice clcaily mailc appear. i\- 
filth contains the Deteunination of ecitain Ihicnt'j, an I 
the RJolulion of foine very nlJul Etputiems, in tl'r 
higheT OidcK, of Fluxion^, by Means ol the .Mealo- ^ . 
of'Anglisand Ration and the iiglit and verlul Siius 
of circular Arcs. The 6th ticats of the Refolniion ot 
algebiaical Etjualions, by tl»e hlelhod of Suul-di\.* 
lors; 111 \shich tlie Ciiotiiuls of that Method, as lad 
down by Sir Ifaac Newton, ait invclfig iled and <\- 
plained. Tl.c yth exhibits the Invcihgatioii of a gene- 
lai Rule for the Rcfolutiori of Jfoiterimetneal Problems 
of all Oidcrs, witli fornc Exainphs oi tlu life and Ap- 
plication of the faid Rule. 'Idte bth, or lall pan, 
compichends the Refolulion of fornc gciieial and vtiy 
iinporlaiit Pioblijins in Mechanics and Phylical Allie)no- 
my ; in' which, aanong other Ihingb, the principal 
Parts of the 3d afvi 9tb ScAions of the firfl Book of 
Newton’s ^Hncili'a ve^lenionn rated in a new and con- 
qifc Man\t^^‘^BntV1iat may^pn haps belt iccomincnd 
this excdlent;tra&:, is. the apjicatlun of tlni gynered 
equations.' thut>-.4if:ri^«d, K) tliF dctci mi natron of the 
Limar Orpit. , 

According to what J^Simpfon had intimated at the 
cdnclirfl^i!' o^ 4 MS*Dp&»iifc of Fh^ions, the jgreateif 
pavt of ‘this \rduoU8 undertaking was drawn up in the 
■ year 1750. About that time M. Clairaiit, a very 
eminent mathematician of the Fr^jneh Academy, hf'd 
Itartcd an objeaion agdinll Newton’s general law of 
gravitation. This was a mofivC td induce Mr. Simplon 
(among fome others) to endeavour, to difeoyer wli^tlur 
the motion of the moon’s apogee, on which that ob- 
jedion had it« whole Weight and foimdalioiv could not 
be truly accounted for, without fuppofing a change 1 1 
the received law of gravitation, from the inverfe ratio 0 
the fquarcs of the dlftances. 1 he . urcccli anfwerc 
hisdiopes, and induced him to look farther into 
parts of the theory of the moon’s motion, than he li^^u 
at^firft intended : but before he had completed hi-sde- 
llgn, M. Clairaut arrived in England, and, made 
Sitnpfon a vifii ; from whom he^carnt, that he na a 
little before printed a piece on that fubjedt, a cj^opy 
of which Mr. Simpfon afterwards reeved as, a prcl^nW 
and found in it the fame things derapnftmted, to wluoh uc 
hiinfdf had direded hir enquiry , befides fcveral 
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The facility of the method Mr. Si.npfon fell upon, 
and the cxtenfivenefs of it, will in fome meafure appear 
from this, that it not only determines the motion otthe 
apogoe, in the fame manner, and witli the fameeafe, as 
the other equations, but utterly excludes all that dan- 
gerous kind of terms that had embarrafTcd the grcdtt^ 
mathematicians, and would, after a great number of 
rc\oIiitions, entirely change tlie figure of tlie moon’s 
orbit. From whence this important confequcnce is de- 
jived, that the moon’s mean motion, and the greated 
qua:. titles of the feveral equations, will remain nn- 
c'liaiiged, unlcfs diflmbed by the intervention of iome 
f)! ( ign or accidental caufe. Thcfe trails are infctilud 
to the Farl of Macclesfield, Prcfideiit of the Royal So- 
ciety. 

iielldes the foregoing,* which are the whole of tlie 
re Milar books or treatifes that were publifhed by Mr. 
Sinipfon, he wrote and compofed feveral other papers 
a^id fiigliivo pieces, as follow : 

ScNcral papers of his were read at the meetings of 
tlic ivoval ^Society, and piintcd in their Tiaul.idtions : 
blit as mod, if not all of them, were afterwards in- 
ferted, with altciationa or additions, in his piinted vo- 
lume;., it is ueediefs to take any farther notice of them 
here. 

Ho propof^d, and refolved many qiiefilous in the 
I. I'lics Dinrius, iS.'c; fumetimes under Iih own name, 
as 111 the years 173^' and 17^6; and fometimes under 
in.Micd or fidlitious names; fuch as, it is thought, 

1 inilothnimho, Kubernetes, Patiick O’Cavenah, Mar- 
ni.'ulukc Ilodgfon, Anthony Shallow, Efq, and pro- 
b.thly feveial others; fee the Diaries fertile years 17^^, 

43» ii3’ 54> 57» 59» 

Mr. Sinipfon was alfb the editor or compiler of the 
Diaries from the year 1774 till the .year 1760, both 
inclulive, during which time lie raifoi that W'oik to 
the higheft degree of refpedt. He was- fucix^edctf in the 
Rditorfliip by Mr. Edw'. Rolliujbii. . my Diarian 
Mifcellany, vol. 3'. ' / \\ 

. ft has alfo been comnwoly fiipp6fed.t-f)S^1>eiwa8,the 
real editof of, or lu^d .principal fliare ifi^ two otiicr 
iieriodlcal works of a nilfcellaneolrt iTi#tlLcm;itic:il na- 
ture; vjs^^ the"'‘Mathematician, and Turner’s. Mathe- 
matical Kxetcifes, two voluni^j .in Svov’ which came 


It 18 probable that thia reference to him, ,gavc occ.1- 
f thoughts more fctioufly to this 

wibje t, fo as to form thedelign of compofing a regular 
treatife upon it ; for his family have often in/ormed me, 
that he laboured hard upon this woik for fome tunc 
before his death, and was \cry anxious to have enm- 
plaed It, frequently lemarking to them, that this 
uoik, when publifhed, vviniUl procure him more credit 
than any of his former puMieations. ]3nt he lived not 
to put the finiflung hand to it. Wh.itcvcr he wiote 
upon this fiihjcct, piolubly fell, together with ulHiis 
t-^thcr remaining p.;pas, into the li.iiuU of m ijor Henry 
Watfon,-of the engineets, in the kr\!te of the Indja 
Company, being in all a huge clielt full of papers., 
ihis genthmaii had been apipilol Mi . Siir pfoiifs, and 

M ^Simpluids death, 

Mr. VValfon prevailed upon the Niidinv to la him have 
the papers, promifing cither to give her a funi of m(>ncy 
for them, orelle to print and pnblilli tliem for her be- 
nefit. Rut tiriilier of thcfe uas ewer done ; this 
gentleniaii always declaiing, when urged or. this point 
b} myk h and other*., that n© nC could be made of any 
oithep.'p,! , o\M.;g to the uay iiiij't. I rc\k li,i '■ ' 
he f dd tiiey weic lell. 
filial to i;i\e the in up a 


le uay iin;'urc\k Itatc 111 \.:neli 
And yet he peiriftt.il in his re. 
aiii. 


hrom Ml. Sunpfonhi wiitinga, I now relurii to liim- 
. Through the in*-, r^-lt rjn.l (..li.-it .1.’/..,,. -.1* . 1 . . 1. . 


out in periodical nuuibcts, in the-ycar* i^jo tffref 
^'c. The latter of thcfe feems efpeci'ally IfavC'bicii 
f^t on fcot to afford a proper jJacc for expofitig tht 
errors and abfurditics^of Mr. Eohert Heath, ilie ti.en 
condudor of the Ladies Dhiry and the Palladium ; and 
wliich controverfy between rlnmi ended in the difgiace 
Mr. Heath, and eitpiilfion fiom In's office of editor 
to the La*dics Diary, rtnd the fubitiiutlori oi Mi. Siir.p- 
fi’n in his fti^d, in the year 1753. 

^ In the year 1760^ when the plans propofed for cre 61 - 
a new bridge at Hlackftiars wove in agitation, Mi, 
i^unplonj among other gentlemen, was c oiiftlk d upon 
^hehefl form for the arches, by the Kcw-laidge Co ri- 
^ I’tee, Upon this occalion he gave a pnkrcfKc to the* 
htnicircniar form ; and, befides his rejort to the Coni:- 
i!".ttce, fome letters alfo appeared, by hnnltlf and 
fiUicrc, on the fame fubjciff, in the public news- 
I'-jper?, particularly in the Daily Advtrtiier, and in • 
'Hy d’s Evening 'J'lie fame were alfo collected 

Gentleman’s Maga/iint for that year, page 143 
ana 
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fill. 1 hrough the intcrcll aiul ftilicitalioiis of the bc- 
foieinentioiicd William Jones, Efq, he w.is, in 1743, 
appointed profellor ul matliematics, then vacant bv 
the death ot Air, Dcilrim, in iJic Royal Academy ..t 
Woolwicli; his warrant btaiiiig date Aiiguft 2jth. 
And 111 J745 he was admitted li fellow of the Royal 
Society, having been piopofed as a candidate by 
Martin lolkei', Efq. Prefident, William Jones, Efq, 
Mr. Geoige Graham, and Mr. John M^chin, iSecie- 
l,iry ; all very eminent inathemaiicians. The picfidein. 
and council, in con fide rat ion of his wiy modciatc cir- 
puniitantcv^fKfC j^lcMfed to exciilc his admiifion fees,, 
and likewife Ids giving bund foi the failed iiitinc iiay- 
ivcnti.. 

/Vt the academy he excited his f.uidiies fo the* ut- 
n.oll, in ui/luicdiiig the piipilj who w'cie iIk* iinnicdi- 
ateob|Ltlo of hi 5 > duly , as well as v\'hom the 

fupertoi officers of the oidnaiu'c pernuni-d to be board- 
kd and lodged In his houfe. In his niaiinu of Icaih- 
ing, he had a peculiar and ha])py adduls; a certain 
kii^gnity and jici Ipicuii v, tempi 1 ul u ith fin Ii a degree 
of inildiiclt:, as ciigigedbtkh tin atlciuiun, cllecin and 
fiicndfiiip of his icholars; of which the g(>od of the 
fcivice, as well as of the cuinmiinity, vv.ts a iiccefiaiy 
cunfetjuence. 

ll iimd be acknowledged howmer, thalhii mlldnefa 
and calnielf. of tamper, uniltd with a nunc inaftivc 
Hate of mind, in tlie l.ittcr )cais of fiis hte, undered 
his ftivices lefs iili.ful ; and the laiin- \fiy eafy difpoii- 
tion, with an inn'icenl, UMlnfpi.('ling limpliciiy, and 
pi .yfi.liic/s of mind,undacd him often the dupe of the 
liLli- tiiiks of his piipil',. Having ddeoveicd tha.t he 
WdS t<* ui of lincn.'iig to iiitic ainuiin;; lUmiep, tliey took 
taie to fiirnlfh ihtinfeiub with a dock ; fo ili.it, liav- 
ii;g iiegkded to Icain their Icffons peWcift, they Would 
gtt round him in a cnrwd, and, inllead of demonlliat- 
iiig a piopoiiiion, would anuile him with fame comical 
flory, at which be would laugh and (hake very heartily, 
cipccially if it were tiiiduicd wdlh fomtwhat of the 

ludicrous 
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’ludicrous or fmutty ; by which device they* would con- 
trive imperceptibly to wear out the hours allotted for 
inlluiftion, and fo avoid the trouble of learning and 
repeating their lefTon. They tell alfo of various tricks 
that wric pradlifed upon him in confequence of the 
lofs of his memory in a great degree, in the latter ftage 
of his lite. 

It has been faid that Mr. Simpfon frequented low 
itompany, with whom he iiftd to guzzle porter and 
gin : but it mufl be (ihlerved that the milcondudt of his 
.iamily put it out of liis power to keep the company of 
of gentlemen, as well us to procure better liquor. 

In the latter hage of hisexiftence, when his life w'as 
in danger, exeicireand a proper regimen w'ere preferib- 
•td him, but to little piirpofe ; for he funk gradually in- 
to filch B lowncfs of fpnits, as often in a manner de- 
prived him of his mental faculties, and at lall rendered 
him incapable of performing liis duty, or even of read- 
ing the letters of «}iis friends; and fo trifling an acci- 
.dent as the dropping <;f a tea-cup w-ould flurry him as 
much as if a houie had tumbled down. 

The phyficiatis advifed Jiis native air for 'his rcco- 
•very ; and in February, >761,, he fet out, with much 
reludtancc (believing he fliould never return) for Bof- 
worth, along with feme relations. The journey fa- 
tigued him to fuch a degree, that upon Iris arrival 
he betook himfclf to his cliamber, where he grew 
continually worfc and werfe, to the day or his 
death, which happened the 14th of May, in the fifty- 
flrfl year of his age. 

SINE, or SiNF., of an arc, in Trigonometry, 
a right line drawn from one extremity of the arc, 
perpendicular to the radius drawn to the other extremity 
of it : Or, it is half the chord 
of double the arc. Thus the 
line DE is the fine of the arc 
BD; either bccaiifc it is 
drawn from one end D of that 
arc, perpendicular to CB the 
radtus drawn to the other end 
B of the arc ; or alfo bccaufe 
• it is half the chord DF of 
double the arc DBF. For the 
fame leafon alfo DE Is the Sine of the arc AD, which 
is the fupplcmcnt of BD to a femicircle or 180 degrees ; 
that is, every Sine Is common to two arcs, which are 
fvipplements to each other, or whofc fum make up a 
femiclicle, or 1 80 degrees. 

Hence the Sines incrcafc always from nothing at B 
till they become the radius CG, which is the greatefl, 
being the Sine of the quadrant BG. From hence they 
dccreafc all the way along ilie fccond quadrant from G 
to A, till they quite vanifh at the point A, thereby 
Ihewing that the Sine of the femiclrclc BGA, or 180 
degrees, is notliing. After this they arc negative all 
the way along the next femicircle, or 3d and 4A qua- 
drants AFB, being drawn on the oppofltc fide, or 
sdown wards from the diameter AB. 

Whole SiNF, or Sinus Totus, is the Sine of the qua* 
diant BG, or of 90 degrees j that is, the Whole Sine 
is the fame with the radius CG. 

Complement f or C^me^ it the fine of an arc 
DG, which . is the complement of another arc BD, to 
a quadrant. That is, the line DH it the CoCne of the 
jure BP » bccaufe it is the fine of DG which it the 



complement of BD, And for the fame reafon DE Is 
the Cofine of DG. Hence the fine and Cofine and 
radios, of any arc, form a. right-angled triangle CDE 
or CDH, of w’hich the radius CD it the hypotenuf-; 
and therefore the fquare of ihc radius is equal to tb,^ 
fum of the fquares of the fine and Cofme of any aic, 
that is, CD* ^ CF* + Ep» or ~ CH* f DID. 

It is evident that the Cofine ol o or nothing, ib the 
whole radius CB, From B, where this Cofine is giear- 
ell, the Cofine dccreiifes as the arc increafes fiom B 
along the quadrant BDG, till It become o for the com- 
plete quadiant BG. After this, the 'Cofines, dt- 
crcaling, become negative more and more all the w'ly to 
the complete femicircle at A. Then the Cofints m* 
creafe again all the way from A through I to B ; ai 1 
the negation is deflroyed, end the Cofine is equal to ) 
ornotijing ; from I to B it is poiiti\e, and at B It 
again become equal to the radius. So tluit, in gen.- 
ral, the Colines in the ill and 4th qiiadiantb are poil- 
tive, but in the 2d and 3d negative, 

VerJetl-^wihiXi thcpait of the diameter bctw'een th^ 
fine and the arc. So BE is the Verfed Sine of the ao: 
BD, and AEthe Vtrfed Sine of AD, alfo GH il.e 
Verfed Sine of DG, &c. All Verfed Sim s are alii’ 
mativc. The fum of the Veifed vSme ami cofine, oi 
any arc rir angle, is equal to the radiiiF, that j?, 
BE -i" EC = AC. — Ibe line, cofine, diid Vcifid 
Sine, of an arc, are alfo the l.une ol an angle, <'f 
the number of degrees &c, which it meafuies. 

The Sines 6cc, of every degree and minute in a 
quadrant, are calculated to the radius i, and rang'd 
in tables for ufe. But bccaufe operations with tlJe 
natural Sines require much labour in multiplying and 
dividing by them, the logaiilhmsof them are taken, 
and ranged in tables alfo ; and thefe logarithmic Sinu 
are commonly ufed in pia6lice, inllcad of the iiatin J 
one's, as they require only additions and fubtradioin, 
inftead of the multiplications and divilions. For the 
method of conilruding the fcales of Sines 5 cc, fee the 
article Scale. 

The Sines were introduced Into trigonometry by thJ 
Arabians, And for the etymology of the word Smt 
fee Introdudion to my Logarithms, pa. 17 &c. And 
the various ways of calculating tables of the Sines, may 
be feen in the fame place» pa> 1 3 
Theorems for the Sines^ Ctfines, one from another. 
From the definitions of them, and the common propu- 
ty of right-angled triangles, with that of the circle, viz, 
that DE* = CD*-CE» = AE x EB, arc eafily de- 
duced thefe following values of the Sines, &c, viz, 
putting 

s = the fine DE, 
c = the cofine CE, 

V =: verfed fine BE, 

V = fupph verfed fine AE, 
r = radius AC or CB, 

a rr arc BD ; then 

i =r f* = V'vv ss r*!; — vti S= ^2rv — 

r = v/r* - = r - V = V - r = |v - 

v = r— e=:ar — vs=r — <y/r* — z* = v — 2^' 

vs=r + ^s=zr — v = r+ — <* s: v + 

The 





t ] sfw 

The tingnlt = And Cotang.:- ',, *•*« foregoing theoremt the Sinet of a 

,r </p -a ^ - s * vanity of angles, or numbtr of degrees* may be 

computed. Ex. gr. aa below. * 


The Secant ss And Cofec. = ^ 

_ / , a7 

X — . n •• —" ' '■ ■ ' + " " ""■ ' ■ _ — — /Iff, 

1.3 r‘ 2.3, 4.5 r« 2.3.4.5.6.7r‘ 

^ 2.3r» ^ 2 . 4 .Sr* ^ 2 . 4 . 6 . 7 r» 

T 1 \M j a* 

or Log. j = - { M (c* H- ^ f+ + JfO + &c) 

or Log. / 3: - a-M ,(>5 + \zi 4. jz! + (af &c.) 

when as s l~,radiu. 1, and M = *43429448 &c. 
If.i#be any other arc, 5 itj fine, and Citacofine. Then 
Sin, ats = ^i±i£. cof.-A+; n: £ l=±. 


90 ® 

67 i 

60 

' 4 ? 
3^ 

30 


s;„. ^ = 


r 

Oc + Sx 

7 • 




irv'a + v /3 = r X 


x,v/Lt v^?. 

irV^ a + v'* 

i^v'} 

{<• 

frv'a 


Vi±yi = r X i^L±l 

^ 4 


irv/^ 


4 rv/ 2 - v ^2 


* * 


18 I ar r X — ^ * 

* 4 

»J I ir \/2 - = r x 

Sin. A X fin,.j = >cof. A~ir^ _ .«.cDf T'Z — n ,. . . 

‘ Radius being l. Then for multiple arcs. 


Sin. A X cof. a ~ ' fin. A - a + J fin. A + a. 

Sin. A X fin,, a = ^cof. A^^ - -• cof. aTZ 

''*‘*'•5 *• muicipie arcs.: 

Cof. A x cof. a.= cof. 4 cof. Sin. ». 4 i .a = ac x fin. «a - fin. T^T.a, 

rc*, the number who 


IF^ — ^'7^8281848 8 ccy. the number whofc hyp. loe ^ t»a :± X cof. fiar — cof. « -i* i .a; 

*5 X f then Xr* 6» 


Sin, n a= X L_ , 

XV'.I 

Co^.a=r= 


E:E£:x%,.. 

&c. 


That I.S, multiplying any Slncor cofine by ie, and the 
next preceding Sine or cofine fubtraaed from* it, it 
gives the next following Sine or cofitie. Hence 

fill. OJ == o. 
fin. a =z s, 
fin. 2f3r 2/r. 
fin. Id = 3 xtf* — jt. 


tlicraatics. < 

S V ' ^ ■ 

in gcderali 


cof. Oif rs I or radius. 

cof. a zz c, 

cof. za z=z c* ^ j*, 

cof. 3^2 =: — 3 

cof. 4 f/ = ♦ — 6 c^st 4 - s^, 

cof. 5f;*rfS-. 10 

tCCt 


5m.,iM = ««*-> "■w-^t.n-2 ff, n_ I. ,-2. „_3. „_4 

i . . , « . 2 . 3 ' + — rrr :3 .- 4:7 

«• — I*' . /f. »» — i». ^ 2 * 

&c. 


c»m, nn sz ns — - - 

2 • 3 

~S> 4 - 

Cof. «a = ^ ' 


' ' i" " / ^ 


cr Cofi'fta zs jt x . 

». «* — 2* 


2.3.4 

Sin, 

And cof. 


^ • 3 • 4*5 

ff. « I, CT — 2 . yx->- 


I* 


3-4 
n* — an — 4.* 




- . Qi 7 «Mu &IV. of the Sines, talents, aiid feeantn in fhidUofls of it. 

**** if dSvSBSd ihto %i parts. 

9«an‘«y gte«,^ wid theixe defemiAtd thtf'^choJd. 1 ft mi- 

' 3« • ' • 
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nutci, fccondi^ and i third# $ thit {i» in fewgc/imal 
fraftipn# of the radius, which they likcwifc ufcd in 

tangents 
he Sines 

being introduced by the Mbors or Saracens, and the 
tangents and fecants afterwards by the Europeans, See 
Introd. to my Logs. pa. i to 19. 

Regiomontanus, at fiift, with the ancients, divid- 
ed tlie radius into 60 degrees ; And determined the Sines 
of ti e feveral degrees in decimal fra^lions of it. But 
he afterwards found it would be more convenient to af- 
fume I for radius, or i with any number of cyphers, 
and take the Sines in deicimal parts of it; and thus 
he introduced the prefent method In trigonometry.^ In 
this vvay, different authors have divided the radius Into 
more or fewer decimal parts ; but In the common tables 
of Sines and, tangents, the radius is conceived as divided 
into 10000000 parts ; by which all the Sines afeefti- 
mated. 

An idea of fomc of the modes of conftniAing the 
tables of Sines, may be conceived from what here fol- 
lows : firft, by common geometry the Tides of fome of 
the regular polygons infenbed in the circle are comput- 
ed, from the given radius, which will be the chords of 
certain portions of the circumference, denoted by the 
number of the Tides ; viz, the Tide of the triangle the 
chord of the 3d part, or lao degrees j the tide of the 
pentagon the chord of the 5th part, or 72 degrees; 
the Tide of the hexagon the chord of the 6th part, 
or 60 degrees ; the fide of the odagon the chord of 
the 8th part, or 45 degrees ; and fo on. By this means 
there arc obtained the chords of feveral of fuch arcs ; 
aad the halves . of thefe chords will be the Sines 
of the halves of the fame arcs. . Then the theorem 


the refolution of triangles, . As to the Sines, 
and fecants, they are modern inventions; i 


Sio’*Si + I. d sr a r X fin* "fin. 

Colt « 4- 1 . 0 2 f X cof. na cdf. n i. ; 

forfuppofingii =3 the arc of i> thcnf;=G‘ 9999 WS 77 > 
and taking 0 fucceflively equal to 4 » 

theorems for the oincs ^and cofines give feverally the 
Sines and cofines of i 2 3^ 4', &c ; viz, the Sines 
thus: 

fin. i' = *0002908882 

fin. 2 ' 2c X fin. 1 ' — fin. o' r: *0005 8 1 7 764 

fin. 3' =3 2c X fin. 2' — fin. 1'= *000872664? 
fin. 4' rz 2r x fin. 3' — fin. 2' = ‘Ooi 1635526 
fin. ^ zc X fill. 4' — fm. 3' s= *0014544406 
&c. 

And the CoTines thus, 

cof. 1' = r = ‘ 9999999^7 

cof. 2'= 1C X cof, 1' — cof. o'= *9999998308 

cof. 3' =;=! 2 r X cof. 2' — cof. i' == • 99999<^*92 

cof. 4' = 2 r X cof. 3' — cof. 2' = *9999993^31 

cof. 5' = 2 r X cof. 4' — cof. 3' = '9999989423 

kc. 

In this manner then all the Sines and cofines arc 
made, by only one con dan t multiplication and a fub- 
tradlion, up to 30 degrees, forming thus the Sines of 
the firft and lad 30 degrees of the auadrant, or from 
0 to 30® and from 60® to 90®; or, which will be much 
the fame thing, the Sines only may be thus computed 
all the way up to 60®. 

Then the Sines of the remalnfng 30°, from 60 to 901 
will be found by one addition only for each of them, by 
means of this theorem, viz, 

Sin. 60 -h 0 £=3 fin. 60 — a + fin. ^ ; 


f rzn/i — will give the cofines of the fame half 
arcs. Next, by bifedling thefe arcs continually, there 
will be found the Sines and cofines of a continued fc- 
rics as far as we pleafe by thefe two theorems, 

Sin. } <2 = \ and cof. ia = 

Then, by the theorems for the fums and differences of 
arcs, from the foregoing feries, will be derived the Sines 
and cofines of various other arcs, till we arrive at 
length at the arc of i or i &c, whofe Sine and 
cofine thus become known. 

Or> rather, the fine of i minute will be much more 
eafily found from tlic feries 



becaufe the arc is equal to its Sipe dn fmall arcs ; 
whence 2 vts a only in luch fmall arcs. But the length of* 
the arc of 180^ or 10800' is known to bc.3M4i59a65, 
See; therefore, by proportion, as io8oof ; r' : 
3*14159265 : 0*0002^8882 = a the arc or / thc’fine 
of i', which number is true to the laff place duodeci- 
mals. Then, for the cofine of 1 it is 2* 

=- 0*9999999577 the coiioe of the fait^e .. 

Henerwe fhml readffy^btain the ^iaes and 
•l| 1^ thq bf W of 


that is, to the fine of any arc below 60®, add the Sine 
of its defc£l below 60, and the fura will be the Sine 
of another arc which is juft as much above 60. 

The Sines of all arcs being thus /ound, they give 
alfo very eafijy the verfed fines, the tangents, and the 
fccants. The verfed fines aie only the arithmetical 
complements to i, that is, each cofine taken from the 
radius 1. 

The tangents are found by thefo three theorems : 

1. As cofine to fine, fo is radiua to tangent. 

2. Radius is a mean proportional between, the tan- 
gent and cotangent. 

3. Half the difference between the tan^nt and co- 

tangent, is equal to the tangent of thedmerence be- 
tween the arc and its complement* Or, the Aim anfing 
from the addition of double the tangent of an arc with 
the tangent of half its chmpl6mtent» is equal to the 
tangent of the fum of that arc and the faid half com- 
plement. , ’ ■ 

By the I ft and ad of tb^fe theorems, the tangents 
are to be found for one half of the quadrant ; then the 
other half of them will be by ortd finale addition, 
or fubtradion, for each^' by the 'Jd* theorem. 

This done, the ifedaaAi w^l b* afi by addmon 
or fubtra^lioh Only, by thefe two tbeojr^, : ifi* "^hc 
feeUAt of im prcj^equ^l to the fuja 
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of i« tqaal to the di%ence between the tan. 

gent 0^<hStt a'rc and the tangent of the arc added to 
half Its complcrtient. 

Sines, are the logarithmic Sines, or the 
lo^antlims of the Sines. ' * 

Curnif or Finite 6 f See F.cuas »/ 

Smes, Off. To what is there faid of the Pijure of the 
Sines, _ may be here added as follows, from a propertv 
joft given above, vi/., if ,v denote the abfeifs of this 
curve, or the correfponding circular arc, andy its or- 
dinate, or the Sine of that arc; then the equation of 
the curve will be this, 


where h — 2 718281828, &c, the number whofe hyp* 

log. IS I. ^ 

L'we (if Sines, is a line on the fpiflor, or Guntcr^s 
fcale, &c, divided according to the Siiits. or expreflin^r 
the Sines. See thofe ai tides. 

Sine of Incidence, or of Ref edion, or of Re fmai on 
uled for .the Sine of the anfe of incidence, &c. 

SINlCALa ^itdranf, is a quadrant, made of wood 
or metal, with lines drawn from each lide interfering 
one another, with an index, ^divided bylines, alfowitli 
90 degrees on the limb, and two fights at the edge. 
Its ufe is to take the altitude of the fun. Indead of 
nie lines, it is fometrmes divided all into equal parts; 
and then it is ufed by feamen to refolve, by iilfperion, 
any problem of plane failing. 

SIPHON, or Syphon, in Hydraulics, a crooked 
pipe or tube ufed in the raifing of fluids, emptying of 
▼ends, and in various hydrdllatical experiments. It is 
otherwife called a crane, 

Wolfius deferibea two veffels under the name of Si- 
phons j the one cylindrical in the middle and conical at 
the two extremei ; the other globular in the middle, 
with two narrow-tubes fitted to it axis-wife ; both ferv- 
ingtotake up a quantity of Il^Juid, and to retain it 
when up, ' 

But thi itioft iifual Syphon is that which is here re- 
prefented; vvherc ABC is any 

crooked tube, havin|f '’t^ legs of ' ^ ' s> * 

unequal lengths i; but fueft hf^. . ' 
ever that, in afty pofitfon; the per- 

pendieuW ' altitude BDi OF B f- bV^ ‘ 

above A, when AB is filled with ‘ 
any fluids ihoiweight of that fluid Vt 

may not bf* more than about i ^Ib. \\ 

tJpon every inch of tlii bafe, V 

or equal to the preflurc of the at. * c 

wofpherci 'becaufc the 


C 4^9*" I 


the atni^phere wiH raife ob. ftifpend the fluid fo’hfgb, 
n thc^ tube is exhaufled. of air. This lieTght ii 
out 30 mchea when tbeduid is quickfilver, and about 
34 ^ whc 4 dt is wateqf tindfo on for other fluids, 

»cconbnate^«„rityof(tlttm. 

'■ any fluid; im* 

fluid i!?n t”' hhd C, and the 
w at,C f till fijch t^c as 

rnAiWlf ^ a 


few air'tHfc inflee at A, 




when the decanting will ceafe, and the Siphon will 
empty itfelf ol the fluid, the whole of that which I „ 
U ruuuing out at C. The principle npon Jhlh ,he 

Sphonaas, IS this: when the tube ii exhaufled of air! 

&!! upon the furface of ibe 

auiu at U forces it into the tube by the orifice at A' 

as in the barometer tube, and dowi/the log fi" ‘fn 

is not above the furface at D more than u feet for 
water, or 30 inches for quickfilvcr, Sic Here if the 
externa leg of the Siphon terminate at a W 
rizonul level with the immerfed end at A, or rather on 

of tVe fin d prefllirts 

LV , ‘ f?’ '’"‘"•"“I airUgainft 

rclt in tht Siphon, completely filling it, but without 

tTn"Tfn 7 brtrf - 

ternal end be the lower, terminating at C, then the 
fiire'^ 'w l7'“ 7'"®^ heavier, or having more pref. 

th 9 by the orifice a^t C j 

this would deave a vacuum at B hut for the continua 

1 a 7 a continued motion of 

U ‘bfough the tube, and a difeharge or ftream at C. 

fs another method 

IS, fi (1 to fill the lube completely with the fluid, in an 
mverled pofition with the angle B downward , and, 
oppmg the two orifices with the fingers, revert the 
tube again, and immerge the end A in the fluid ; then 
take off the fingers, and inimediatcly the flream com" 

mcnces from the entfC. 

Either of the two foregoing methods can be conveni. 
ently praiftifed when the Siphon is/mall, aiidcafily ma- 
naired bv thehanf • :tc n . -' d.® 


following method is.then recommended : Stop the ori- 
atB, fill the tube completely with water; then flop 

the ooenmer at Tt .tnfk « j .. JLr 


. . VC. ^ >v,vu ivuicr; uien ItOD 

the opening at B with a plug, and open that at C * 
upon which the water will prtfenily flow out at C> and 
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fo continue tUl that iit A la exhftttiled. And tbla me- 
thod of conveying Water <if«r % hill, from one valley 
to another, h deicribed by the chief author of 
any confeqaence upon thia' fubje^t among the An- 
cients. But in thjs ejfperiment it muft be noted, that 
the tlFcdi: will not be produced when the hill at B is 
more than 33 or 34 feet above the furfaceof the water 
at A. 

In an experiment of this kind, it is even faid the 
water in the legs, unlefs it be pulpid of its air, will 
not reft at a hciglit of quite 30 feet above the water in 
the vtffels ; becaufc air will extricate itfelf out of the 
water, and getting above the water In the legs, prefs it 
downward, fo that its height will be Icfs to balance the 
prefllire of the atmofpherc. But with very fine, or ca- 
pillary tubes, the fcxperiment will fuccecd to a lieight 
lomcwhat greater ; becaufe the attraftion of the mat- 
ter of the' very fine tube will attradt the fluid, arid fup- 
port it at fomc certain height, iivdepcndentof the pref- 
lure of the atmofphcte. For which reafon alfo it is, that 
tlie experiment fucceeds for fmall heights in the exhauft- 
cd receiver ; as has been tried both with water and mer- 
cury, 1^ Defaguliera and many other philofophers. 
Exjp er. Philof. vd. 2, pC 168. 

The figure of the vefifel may be varied at plcafure, 
provided the orifice C be but below the level of the 
furface of the water to be drawn i.p, but ftill the far- 
ther it is below it, the quicker will the fluid run off. 
And if, in the courfe^of the efflux, the orifice A be 
drawn out of the fluid t all the hquor in the Siphon 
will iflue out at the lower orifice C ; that in the leg 
BC dragging, at it were, that in the ihorter leg aS- 
after it,. 

But if a fitted Siphon be fo difpofed, as that both 
orifices, A and C, ^ in the fame horizontal line > the 
fluid will remain pendaut in each leg, how unequal fo- 
cvev the length] of the legs may be. So that fluids in 
Siphons feem, as it were, to form one continued body ; 
liic heavier part dcfccndlog like a chain, dnd drawing 
tihe lighter after it. 

Tb<| Siphon, ia a very extraordinary 



machine, performing fevcral things wluch thocoramon 
Siphon will not reach. This Siphon was projected by 
Juj^lan Pelletier, and executed at the expence of prince 
jia^eric Charles, adminiftrator of Wi^temberg, bjrhta 
. mathematician Shahackard, who made ettclxbranco 40 
{ect long, and fet them feet wart j and the deforip- 
tion of it waa puWiW by dukc^'^y- 

Thisgave oCcafiop to Faptu ro invent aifo§^ri 

per&rmed An tkini|s,jraxKi k 


the Philpf. Tranf, vol. 14, or Abr, voL Relfclius#. 
in another paper ip the fame volume,^ ingenuoufly owua^ 
that thia is the fame with the Wirtcmbcrg Siphon. 

In this engine,- though Uie legs be on the lame level, 
yet the water rifes up the one, and defccads through the 
other: The water rifes even through the aperture if 
the lefa leg be only half immerged in water :> The Si- 
phon has its effeft after continuing dry a long time : 
Either of the apertures^ being opened, the other remain- 
ing ihut for a whole day, and then opened, the water 
flows out as ufual : Laftly, the water rifes and falls in- 
differently through cither leg. 

MufTchenbroek, In accounting for the operation of 
this Siphon, obferves that no difcliarge could he made 
by it, unlefs the water applied to cither leg caufe the 
one to be fliortcr, and the other longer by its own 
weight, Introd. ad Phil. Nat, tom.. 2, pa, 853, cd. 
4to. 1762. 

SIRIUS, the a very bright ftar of the 

firft magnitude, in the mouth of the conflellation Cams 
Majary or the Great Uog. 

This is the brighteft of all the ftars in our firmanent, 
and therefore probably, fays Dr. Malkelyne, the ailro- 
nomer royal, the neareft to us of them all, in a paper 
recommending the dlfcovery of its parallax, Philof. 
Tranf. vol. 2, pa. B89. Some however fuppofe Ardu- 
rus to be the neareft,. 

The Arabs call it ^feheret Elfchecte^ Sceru j the 
Greeks, Siriui f and the Latins, Canicula^ or Canlr 
candens» See CanicUlAv 
T his Is one of the earlieft named ftara in the whole 
het^vens. Hefiod and Homer mention only four or 
five conflellations, or (lars,, and this is one of them. 
Sirius and Orion, the Hyadcs, Pleiades, and Arfturua 
are almoft tlie whole of the old poetical aftronomy. 
The three lafh the Greeks formed of their; own obferva- 
tion^ ^ appears by the names } two others were 
Egyptian.. Sirius was fo called from the Nile, one of 
the jaames^iot that river being-Sirisp and the Egyptianfl, 
feeing that river b^in to mell at the time of a parti- 
cular fifing of this ftar, paid divine honours to.thc ftaf# 
and called it by a name derive^ from thaX of the river, 

cxprcfTing the ftar of thoNttc*'v 
SITUS, in Algebra an 4 Oiornetiy^^dertoliet^thcfi^ 
luation of lines, furfaces* Wol^ua deliyejrs feme 
things, in geometry, which are. rtol deduced from the 
common analyfis, particularly matters dependio^ 00 
the Suut of lines and figures. Leibnitx bis creit- 
founded a particular kind of pnalyfift upon it,, called- 
Cakulut Situs^ < 

S KY,. the blue expanfc •£ tho ar onatmofpherc. 

The azure colour of the Iky is attributed, by New- 
ton, to vapours beginning' to condchfc, h,aviug attained 
confiftenoc enough to reflet the moft rcflexible ray^ 
viz,, the violet ones 4 buf not enough to reflet- any of 
the Icfircflexibleoncs^. , , 

l)c la Hire attribu^ our viewing a' Hack ob* 
jc 61 , viz the dark fpacc ^ond the regions :o£ the at- 
ino/pherp,. through a whitt. off lucid one, vip the yir il- 
himinated by. the fan 4- a initturei. of Uack a«d white 
sdwava.appearing bluer , But tbii hypot^fis is^Dotori- 
gfMjly his j bei^ a»^L«odardO dn 'Vinci. 
S£^u>ING,. in hjkchnqicsi; It tteietiK poij't 

that 
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tftat Sucli is the motion of a parallcloplpedon 

moved al^g a plane. 

From Sliding arifcs fridVton* 

SlidiVo Rttle^ a mathematical inftrument fcrving to 

perform computations in gauging, meafunng, Sec, 
without the life of compaflTes ; merely by the Aiding 
of the parts of the inftrument one by another, the lines 
and divifions of which give the anfwer or amount by in- 
fpeftion. 

This inftrument is varioufly contrived and applied by 
difiefent authors, particularly Gunter, Paitridge, Hunt, 
Kverard, and Coggefliall ; but the moft ufiial and ufc- 
ful ones arethofe of the two latter. 

Everard*s Sliding Rule is chiefly ufed in enfle 
gauging. It is commonly made of box, 1 2 inches long, 
1 inch broad, and -jri of an inch thick. It confids of 
three parts ; viz, the ftock juft mentioned, and two thin 
nips, of the fame length, Aiding in fmall grooves in two 
oppofite fides of the ftock i confequently, when both 
thefc pieces are drawn out to their full extent, the in- 
ilriimcnt is 3 feet long.- 

On the flrft broad face of the inftrument are four lo- 
garithmic lines of numbers for the properties &c, of 
which, fee Gunter's Line* The ArA, marked A, 
conlifting of two radii numbered r, 2, 3, 4, 5, 6, 7, 8, 
9, I ; and then 3, 4, 5, &c, to 10. On this line 
arc four brafs centre-pins, two in each radius ; one in- 
each of them being marked MB, for malt-bufticl, isfet 
at 2i50’42 the number of cubic inches in a malt- 
biiAicl ; the other two are marked with A, for ale-gal- 
lon, at 282, the number of cubic inches in an ale gal- 
lon, The 2d and 3d lines of numbers are on the Aid- 
ing pieces^ ^md are cxadly the fame with the firll ; but 
they arc diftinguiAied by the letter B. In the firft ra- 
dius is a dot, marked at 707, the fide of a fquare 
inlcribed in a circle whole diameter is i. * Another dot, 
marked Se, ftands at *886, the Adc of a fquare equal 
to the area of the fame circle. A third dot, marked 
W, is at 23 1:, the cubic inches in a wine gallon. And a 
fourth, marked C,> at 3*14, the circumference of the 
fame circle whofe diameter is f. The fourth line of 
numbers, marked MD,, to Agnify malt-dcptli, is a 
broken line of two radii, numbered 2, 10, 9, 8, 7,6, 
4? h 9) 9 , 7, Itc ; the rmmbcr T being fet 

diret'lly againli MB on the firft radius. 

On the fecond broad face, marked rr/, are feveral 
lines; as ift, a line marked D,. and numbered i, 2> 5, 
to 10, On this line are four centre pins : the lirft, 
marked WG, for wine- gauge,, is at 17*15, the gauge- 
point for wine gallons, being the diameter «f a cylin- 
whofe heignt ia Qne inch, and content 231 cubic 
inches, or a wine galldn ; the fecond centre-pin, maikcd 
AG, for ale-gatigei is af 18*95, the like diameter for 
an ale gallon : marked MS, for malt fquare, is 

4 ^* 3 ? ^he fqiuire root of 2150*42, or the fide of a 
fquare Whofe content is equal to the fiumbcr of inches 
m a foUdbulhel: md the fourth, marked MR, for 
^alt-round, is at the dismetcr of a cylinder, or 

bulhel^ the area of is the fame .‘2 1 50*42, the 

niches^ istd)y^ -Two lines of numbers on the 

Aiding tmitW" 6 tner 4 ide, mavkedC, On thefc 
are two dots^ W oitCf ^rktd r, at ‘O795, the area 
of a circle. ^icIfe' ch^tmKKAce As' 1 \ fend the other, 
tht^rtlf whdfcL dianw^ 


ter is I. 3dly, Two lines of fc^ents, each numbered 
1* 3* the firft for finding the ullage of a 

caAc, taken as the middle fruftum of a fpheroid, lying 
vvith its axis parallel to the horizon ; and the Other foi 
finding the ullage of a calk {landing. 

Again, on one of the narrow fides, noted r, are, ift, 
a line ot inches, numbered i, 2, 3, &c to 12, eaeli 
fubdivided into 10 equal paits. adly, A line by which, 
with that of inches, we find a mean diameter for a calk, 
in the figure of the middle frulium of a fplieioid : it is 
marked Sphiroul, and numbered I, 2, 3, &e to 7. 3 dly, 
A line for finding the mean diameter of acallt, in the 
form of the middle frulium of a parabolic fpindle, which 
gaugers call the fecond variety of calks ; it is therefore 
maiked Second Variety^ and is numbered 1, 2, 3, &c. 

4thly, A line by which is found the mean diameter 
of a calk of the third variety, conlilling of the frullums 
of two parabolic conoids, abutting on a common bafe 
it is therefore marked Lbird Eiirie/y, and is numbered 
1, 2, 3, &c. 

On the other narrow face,, marked /,.are ift, a line 
of a foot divided into 100 equal parts, marked FM. 
2dly, A line of inches, like that before mentioned,, 
marked IM. 3dly, A line for finding the mean diame- 
ter of the fouith variety of calks, which is foimed of 
the fruftums of two cones, abutting on a common bafe. 
It is numbered i, 2, 3, &:c j. and marked FC, for fmf- 
tum of a cone.. 

On the backfidc of the two Aiding pieces is aline of 
inches, from 12 to 36, for the whole extent of the 3 
fret, when the pieces- arc put endwife , and: again ft 
that, the correfpondent gallons, and looth parts, that 
any fmall tub,^r the like open. velTd,. will contain at i 
inch deep. 

For the various ufes of thisinftru'ment, fee the authors 
mentioned above, and mo>ft other writers on Gauging. 

Co^^eJhalVs SlidinG'/?^^ is chieAy ufed in meafuring 
the fupcrficies and folidity of timber, f mafoury, biick- 
work, Sic, 

This confifts of two rulers, each a foot long, which, 
arc united together in varioua ways. Sometimes they 
arc made to Aide by one anoiher, like; glaziers' rules : 
fometimes a groove is made in the fideof a common two- 
foot joint rule, and a thin Aiding piece in one fide, and 
Coggelh’dll's linefe added on that fide ; thus forming.thc 
common or Carpenter's nilc ; and fometimes one of the 
two rulers is made to Aide in a groove made in the fida 
of the other. 

On the iSliding fide of the rule are four lines of luirri’t 
bers, three of vimich are double, that is, are lines to 
two radii, and the fourth is a Angle broken, line of 
numbers. The .firft three, marked A, , B, C, are fi- 
gured I, 2, 3, &c.to9t tlien r, 2, 3, &c to 
the conftru6\iop 'and ulc of them Icing the fartic as 
thurc'09‘;^VBrUsd's Sliding rule. The linglc line, called 

j^tri /w,:.*nd marked D, whofe radius is equal to 
the two radii of any of the other lines, is br^^ken .for 
the^tfafipr nicafijnng of timber, and.figui-ed ^,,5, 6j 7, 

8, gi iCi 20, 30, Sic, . From 4 to 5 jt is. divided into 
10 ]!>aft8f -and eich fotb fubdivided into a.f and To on 
from 5 to to, &c. 

• Oir the baqlcfidcof the ntk are^iift# a line bf inch* 
racafure, from i to 12 ; each inch being divided^iuk- 
fr^vidid; £nc of 

Qi 
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one foot divided kito 100 equal partSi »nd‘ 5 giired 

10, 20, 30, &:c. ’ 

Tlie backlide of the flijing piece is divided into 
inches, halvei;, Sic, and figured from 12 to 24; fo that 
when the Aide is out, there may be a meafure of 2 feet. 

In the Carpenter’s rule, the inch meafure is on one 
fide, conLiniicd aU the way from i 1024, when the rule 
ris unfolded, and fvihdivldcd into ^ths or half-quarters : 
an this fide are alfo fome diagonal fcales of equal part?. 
*A.nd upon the edge, the whole length of 2 feet is di- 
vid<ui into 200 equal parts, or looths of a foot. 

' SClNO, a ihing inihument, ferving for the call- 
ing of donts &CC with the greater violence. 

Pliny, lib. 76, chap. 5, attributes the invention of 
the Sling to the f hccnicians ; but Vegetius aferibes it 
to the iidiahitants of the Balearic iflands, who were ce- 
lebrated in antiquity for the dextrous management of 
it. f lorin and Strabo fay, thofe people bore tluce 
kinds of Slings ; fome longer, others fhortcr, which 
they ufed according as their enemies were more remote 
Or nearer hand. Diodorus adds, that the firft ferved 
them for a head-band, the 2d for a girdle, and that the 
third they eonilautly carried with them in the hand. 
But it mull he impoflible to tell who weie the firft in- 
ventors of the Sling, as the inllrument is fo Ample, 
and has been in general ufe by almbft all nations. The 
inllrument is much fpoken of in the wars and hiftory 
of the Ifraelites. David was fo expert a flingcr, that 
he ventured to go out, with one in his hand, againft 
the giant and champion Goliath, and at a diilance 
ftruck him on the forehead with the ftone*' ' And there 
were a number of left-handed men of one of the tribes 
of Ifrael, whd it is faid could Sling' aft»ne at an hair’s 
breadth. . 

The motion of a ftone dlfdharged from a Sling arifes 
from its centrifugal force, when whirled round in a cir- 
cle. The velocity with which it is difeharged, is the 
fame as that which it had in the circle, and ia much 
greater than w'hat can be given to it by tlie hand alone# 
And tlie diredlion in which it is difeharged, is that of 
the tangent to the circle at the point of difeharge. 
Whence its motion and effed may be computed as a 
projedilc. ' 

SLUSE, or Rlusius (Renl Francis Walter) of 
Vife, a fmall town in the county of Liege, where he 
enjoyed'' honours and preferment. He then became 
abbe of Amas, canon, couneelJor and chancellor of 
Liege, and made his name famous for his knowledge in 
theology, phyfics, and mathematics. Tbc Royal So- 
ciety of London eleded him one of their members, and 
iinferted feveral of his compOfitioOs in their Tranfac- 
tionS. This very ingenious and learned than died at 
Liege in 1683, at 63 years of age. ; 

Of Slulius’s works there have been publifbed, fome 
learned letters, and a woik iiuitled,w/l!f^afvirwe/ 
hlmatafohda / befide the following pieces in the Phi- 
lofophical Tran fad ions, viz, ^ 

I, Short and Eafy Method of drawing Tangents to 
all CeometricalCiarvcs t vol. 7, pa. 5x43. . 
i* a;' Demooft ration of the faise; ioh* 8, 

i' 3? "On the Optic ‘Angle: of vol.. 8^ pa. 

F. * RiS. » wiy. iede-. 
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bemted civil engineer, was bom the 28th of May 172^, 
at Aufthorpe, near Leeds, in a houfe btiilt by bii 
grartdfathei*, where the family have refided ever fmcc, 
and wltcre our author died the 28th of Odobet* >792# 
in the 68th year of his age. ■ 

Mr. Smeaton feems to have been born an engineer. 
The originality of his genius and the ftrength of his un- 
derftanding appeared at a very early age. His play- 
tilings were not thofe of children, but the tools men 
work with ; and lie liad always more amufement in ob- 
ferving artificers work, and alking them queftions, than 
ill any thing ell'e. Having watched fome mill-W’righti 
at work, he was one day, foon after, leen (to the dif- 
tiefs of his family) on the top of his father’s barn, fix- 
ing up lomethin^ like a windmill. Another time, attend- 
ing fome men who were fixing a pump at a neighbour- 
ing village, and obferving them cut off a piece of bored 
pipe, he coinrived to piocnre it, of which he rniide 
a working pump that aif'hially ralfed water, 'riiefe anec- 
dotes refer to ciicuniftances that happened when he 
hardly out of petticoats, and probably befoie he lud 
reached the 6tli year r)f his age. About liis 14th 01 
15th year, he had made for himfelf an engine to turn 
rofe-work ; and he made feveial prefents to his friends 
of boxes in ivory and wood, turned by him in that 
way. 

Ilis friend and partner in the Deptford Watei- 
w^orks, Mr. John Holmes, an eminent clock^ and 
watch maker in the Strand, fays, lie vilited Mr, Smea- 
ton and fpent a month with him at his lather’s ho'ule, 
in the year 1742, when conrcqnently- our author w as 
about 1 8 years of age. Mr. Holmes could n^>t bui 
view young Smeatou’s works with allonlfliment : he 
forged his own iron and ftecl, and melted his own me- 
tals ; he had tools of every fort, for working in wood, 
ivory, and metals : he had made a lathe, by Which he 
had cut a perpetual ferew in brafs, a thing very little 
know'U at that day. 

Thus had Mr. Smeaton, by the ftrength of his ge- 
nius, and indefatigable induftry, acquired, at 18 years 
of age, an extenfive fet of tools, and the art of work- 
ing in moll of the mechanical trades, without the affill- 
ance of any mafter, and which he continued to do a 
part of every day when at the. place where his tools 
w’ere : and few men could work better. 

Mr. Smeaton’s father was an attorney, and wasdefi- 
rousof bringing him up to the fame profelTipn. He 
thei*cforc came up to London in 174-2, and for fome 
time attended the courts in Wellminftier HaiU But 
finding that the profeflion of the law did not fuit the 
bent of his genius ^ as hisufual expreffion was, he wrote 
4 ftrong memorial to his father on th^ fubjed, whofe 
good fenfe from that moment left Mr. Smeaton to put- 
lue the bent of hi* genius in his own vray. 

Mr. Smeaton after this continued to refide in Lon- 
dorr, and about 1750 fie commenced .plubfophical m- 
ftrument makeri^ which he continued fpr fome time, 
and became acquainted wfth.raoft of the ingenious nun 
,,of that time ; imd thia}f 4 n 9 t year he made his firft com- 
munication to theRoyal Society, oejng an account of Lr- 
Knight** imprcivcinents of the xbariner^aoompaf®* 
linuing hia very hibourii 4nd, cxpti‘- 

nwntsT h^ communicated tortha^lwknadlxody, the two 
fencing yeani;a luimhqr.oC ollwti^i»|«nioufrjtnprove- 
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wai u eiiumemtcd in the lift of hi$ wntintn 

the end of thi« account of him. ® ’ 

In t 7 $l he began a courfc of experiments, to try a 
machintc of his invention, for meafuring a ihip»s wav at 
fea; and alfd made two voyagea in company with Dr. 
Knightto'try it, as well as a compafaofhisown invention! 

, In 1753 he was eleacd a member of the Royal So! 
ciety; and in 17J9 he was honoured with their gold 
medal, for hli paper concerning the natural powers of 
w'ater and. .wind to turn mills, and other machines de- 
pending on a circular motion. This paper, he fays, 
was the rcfult of experiments made on woiking models 
in the years 17^2 and 17^^, but not communicated to 
the Society till 1759 » having in the interval found op- 
portunities of putting the refult of thefe experiments 
into real pia< 5 fice, in a variety of cafes, and for various 
piirpofes, fo as to affure tUebociety he had found them 
to anfwcr. 

In 1754 his great thirft after experimental know- 
ledge led him to undertake a voyage to Holland and 
the IjOw Countries, where he made himfelf acejuainted 
with moft of the curious works of art fo frequent in 
thofe places. 

In December 17 > 5 ’ Edyftone lighthoufe was 
burnt down, and the proprietors, being defirous of re- 
building it in the molt fubdantial manner, enquired of 
the earl of Macclesfield, then prcfident uf-the Royal 
Society, who he thought might be the htteft peifon to 
rebuild it, when he immediately recommended our au- 
thor, Mr. Smeaton accordingly undertook the work, 
xvhich he completed with (tone in the fummer of 1 759. 
Of this work he gives an ample defeription in a folio 
volume, with plates, publi/hed in 1791. A work 
which contains, in a great meafure, the hiftory of four 
years of his life, in which the originality of his genius is 
fully difplaycd, as well as his aaivit/, induftry,. and 
perfcverancc. 

Though Mr. Smeaton completed the building of the 
Edyftone lighthoufe in 1759, ^ feems he did not 

loon get full bufinefs as a civil engineer ; for in 
* 7 ^ 4 * while in Yorklhirc, he offered himfelf a candi- 
date for one of the receivers, of the Derwentwater eftate; 
in which he fucceeded, though two other perfons, 
ilrongly recommended and powerfully fupported, were 
candidates for the employment. In this ap|)ointment 
he was very happy, by the afiiftance and abilities ofhis 
partner Mr. Walton the younger, of Farnacrcs near 
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ixcwcaltic, one of the prefent leccivers, who, taking 
JJ^Pon himfelf the management and the accounts, kfi 
Mr. Smeaton Icifure and opportunity to exert his abi- 
lities on public works, as well as to make many im- 
provements in th^ mills, and in the eftates of Green- 
wich hofpital. 

By the year 1775, he had fo nwch bufinefs, as a civil 
engineer, that he was defirou? of refignioglheappoint- 
for ^nd would have done it then, 

friends prevailed upo^i him .to continue in 
about t^|ro years longer.^ 

Mr. Qm^tpn .l]iaving thus got into full bufinefa aa a 
ivil cngiijeer^ R liquid be an cndlcfa taik to enumerate 
a tne variety of concerns be was engaged in*. A very 
them however be juft mentioned in this place, 

made the tiver C^ey navigable : a work that 
^^ifdgrc^t judgment 5^ owing to the very^ 


impetuou. -flood, in th« river.-.He ptuned and «}. 
tended the execution of the great canal in Scotland, 
for conveying the trade of the country, either to th^ 
Atlantic or ^erm.-,n ocean } and having broiiglu it to a 
onclufion, he declined a handfome yearly falary, that 
he might npt be prevented from attending to the mul. 
tiplicity of his other bufinefs. 

On opening the great arch at London bridge, the 
excavation around and under the ftcrlings was fo confi- 
deiable, that 11 was thought the bridge was in great 
danger of falling ; the apprehenfions of the people oa 
this head being fo great, that few would pafs over or 
under It. He was then in Yorkfhire, where he was‘ 
lent for by exprefs, and he arrived in town with the 
greated expedition. He applied himfelf iinmediatelv 
to examine it, and to found about the fterlings as mt* 
mitdy as he could. The committee being called to- 
gether, adopted his advice, which was, to repurchafe 
the iloncs that had been taken from the middle pier, 
then lying in Moorfieldi^, and to throw them into tlie 
river to guard the flcrlings, a practice he had before 
adopted on other occafions. Nothing fhews the appre- 
henfions of the hndge falling, more than the aUeVity 
with which Ins advice was purfiK.*d : tlw ftoncs were re 
piirchafed that day; hui fes^ carts, and barges were 
got ready, and the woik inlfantlv begun though it was 
bimday morning Thus Mr. Smeaton, in all human 
probability, iaved London bridge from falling, andfe- 
cured it till more effedual methods could be taken. 

In 177 L lie became, jointly with his- friend Mr* 
Holmes above mentioned, proprietor of the works for 
lupplying Deptford and Greenwich with water j which 
by their united endeavours they brought to be of ge- 
neral ufe to thofe they were made for, and moderately 
bcnehcial to thtmfelvea. 

About the year Mr. SmeatoiTs health hegan 

to decline ; in confcqiiencc he then took tlie refohition 
to endeavour to avoid any new undertakings in hn/imfj 
as much as he could, that he might thereby alfo Imvc 
the more leifurc to publifh fome account of his inven- 
tions and works. Of this plan however he got no 
moie executed than the account of the KdyfWc light- 
hoiife, and fome preparations for his intended tuatife 
on mills^^ for he could not refifl the lohcitations ofhis 
friends in various works ; and Mr. Auhert, whom Ije 
greatly loved ami refpeaed, being cliofcn chairman 
of Kamfgate harbour, prevailed upon him to accept 
the office of engineer to that harbour; and to their 
Joint efforts the public are chiefly indebted for the im- 
provements that have been made there within thefe few 
years ; which fully appears in a report that Mr. Smea- 
tongavc in to the hoard of trulleea in 1.791, which 
they immediately publilhed. 

It had for many years been the pradicc of Mr. Smea- 
ton to fpend part of the ^car in town, and the remain- 
der in the country,, at his houfe at Auflhorpc ; on one 
of ihefc cxcurfions in the country, while walking in 
his garden,, on., the i6th of September f 792, he was 
ftruck with the palfy, which jmt an end to his ufcful 
life the afitb of Oiftober following,, to the gjeat regret 
of a numerous fet of friciMlaand acquaintances. 

The great variety of mills c‘onftf«fted by Mr. Smea- 
ton, fo much to the fatisfadlion and advantage of tfie 
owficrs, .will fhew the great ufa^cjnaui* of lUa etptti* 
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iki\Hh 1752 and f ^55. In<W«d' he fcarcely tniftcd' to 
tneory m any cafe where he coi|ld have an opportunity 
to lii^efttgatc it by ei^eririent; and for this puspofe he 
Wlta fteam-rngmeat ftul^hofpe, that he might make 
‘ej^petiments exprefsly to aftrertaiit the power of New* 
comen^s fteam-tnglne, which he improved and brought 
to a much gveyier degree of certainty, both in iti 
■<;onfti*u<Slion and powers, than it wis before. 

During many )eais of his life, Mr Snieaton was .a 
condniit attendant on parliament, his opinion being 
' continually called for. And here his natural llrcngtli 
of judgment afid perfpicuity of exprclTion had their full 
difplay. It was hii conftant practice, when applied to^ 
to plan or fnpport any mcafuTe, to make himfelf fully 
‘acquainted with it, and be convinced of its merits, be« 
fore he would be concerned in it. By this caution, 
joined to the clearnefs of his defeription, and the inte- 
grity ot his hcatt, he feldom failed having the bill he 
inpported carried into an adl of pculi-nment. No per- 
fon was heard with more attention,, •nor had any one 
ever more cbnfultmce placed in his teftimony. In the 
courts' of law he had leveral compliinen||§ paid to him 
from thebcnclv, by the late lord Mansfield and others, on 
Siocoimt tjf the new light he threw upon difficult fubjcCfs. 

As a civil engineer, he was perhaps unrivalled, ccr- 
tairily not excelled by t\ny one, either of the prefent 
or foimer times. Kin building the Edyftone Ifght- 
houfe, were there no other monument of Ins fame, 
would ' eftabliffi hk chara^er* The Edy (lone rocks 
have obtained their name from the great variety of con- 
trary fds of the tide or current in their vicinity.* They 
are fituatcd nearly S. S. W. from the middle of Ply- 
mouth Sound. Their diftance from the poit of Plv- 
mouth U about 14 miles. They are almoll in the line 
which joins the Start and the Lizard points j and as 
they lie nearly in the dircffion of vefTels coafting up 
and down the channel, they v.'ere unavoidably, before 
tlie ellabliihment of a light-houfe there, very danger- 
ous, and often fatal to fhips. Their fituation with 
regard to the Bay of Bifeay and the Atlantic Is fuch, 
that tluy lie open to the fwells of the bay and ocean, 
from all the fouth-weBein points of thecompafs; fo 
that all the heavy leas from the fouth-weft quarter come 
uncontroled upon the Edyftone rocks, and break upon 
them with the utmoll fury. Sometimes, when the 
fea is to all appearance fmooth and even, and its fur* 
face unruffled by the flightefl bree/e, the ground /well 
meeting the flopc of the rocks, the fea beats upon them 
in a frigluful manner, fo as not only to obffruA any 
work being done on the rock, or even landing upon it, 
when, hgnratmly fpcaking, you might go to fea in a 
walnut-ffiell. That circumffances fraught with dan- 
ger furroiinding it rtiould lead mariners to wifh for a 
light* houfc, is not wonderful ; but the danger attend- 
ing the creflion leads us to wonder that any one could 
be foyind hardy cno\igh to undertake ft. Such a man 
was fil'd found in the jierfon of Mr. H. Winftan- 
ley, who» in th^ year' 1696, was fumifhed* by the 
Trinity -houfe with the hecvffary powers. In 1700 it 
'was fiiuibcd i blit itt (fie great norm of November 
i 703, it was dfcftfbyk^; and the ptojcdlor periled In 
the ruins. Id Mother, up^ h dinkretu icon- 
itrwfiion, Was creeled by a Rudyerd, which, in 
unforttiiiatcly coBfwvcd by fire. Tke hjnd 


who, bavip^ confiderttf the con- 

fes judiefbufly girded agiiitil thSsiSi, and 
crewed a building, the demoKtion'of lit- 

tle to be dreaded, unlefs the Vo'ck on which it is erected 
(hoiild penffi with it. — -Of his works,. In cobftruding 
bridges, harbours^ mills, -engines, &c, 5rc, it were 
endiefs to fpcak. Of hii inventions and improvements oi 
philofophical inllrumcnu, as of the air-pump, the py- 
rometer, hygrometer, Ac, fome idea may bo 
formed from the liff of his writings inferted bcW. 

In his perfon, Mr. Smeaton was of a middle ilaturt, 
but broad and llrong made, aud polfcfied of an excel- 
lent conftitutlon. He had a great limplicity and plain- 
nefs In his manners: he had a warmth ofexpreffion that 
might appear, to thofc who did not know him wdl, Uy * 
border on harffinefs ; but fuch as were more* clofcly ac- 
<|uainted w*rth him, knew it arofe from tlm intenfe ap- 
plication of his mind, which was always in thepnrluit 
of truth, or engaged in the inveffigation of diffieiilt 
fubjedls. He would fometimes break out hallily, wlici 
any thing was faid that was contrary to his ideas of tl.e 
fibjcd ; and he would not give up any thing he a>- 
gued for, till his mind was convinced by found reat'ou- 
ing* 

livallthe focial duties of life, Mr. Smeaton was ex- 
emplary; 'he was a moll afteftionate hufband, a good 
father, a warm, zealous and fincere friend, alwaynca- 
dy to alRft thofe he refpeiflcd, and often before it \va: 
pointed out to him in what way he could lerve them, 
lie was a lover and an encourager of merit w’herever he 
found it ; and many perfons now living are in a gioui 
meafure indebted for their prefent fituation to his aflik- 
ance and advice. As a companion, he was always cn- ^ 
tertaining and infinitive, and none could fpend tlui*’ 
time in lus company without improvement. 

As to the lill lof his writings ; bcfide the large work 
abovemtntioned, being the Hillory of Edyftone Light- 
houfe, and nunabers of reports and memorials, many of 
which were printed, his communicatiofl# to the Royal 
Society, and inferted in their Tranfations, are as 
follow ; 

1. An Account of Dr. Kuight's Improvements ot 
the Mariner's Compafs ; an, 1750, pa. 

2. Some improvements in the Air-pump; an, 175:, 

r- * . . 

3. An Engine forraifing Water byr Fire ; heingan 
improvement on Savary's condimtion, to render it ca- 

? able of working itfclf: invented by M. dc Moura, of 
'ortugal. Ib. pa. 436. ‘ 

4, Dcfcripilon of a new Tackle, or Combination of 
Pulleys. Ib. 494. 

5, Experinrients upon a machine for meafuring the 
Way of a Ship at Sea'. An. 17^4, pa. 53 a. 

6, Defeription of a new Pyrometer, lb. pa. 

7. Effe'elaof Lightning oft the Steeple and Chuich 
of Lcftwithialin Cornwall. An. lyyy, pa. 198* 

8. Remarks on the* different. Temperature of the 
Air at Edyftone Light-houfe, and at nymoulb. An* 
1758, pa. 488. 

9. Exp^mcntal enquii^ coneernihg the natural 
powers of Water and 'Wind to turn mflia and other 
machines depending on a feTrcqlar motion. Aa. 1 7 > 9 ’ 
pa..iQp. ^ " 
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On tlic Menftrnal Pardbx an’fin^ from the mu- 
tirel gfavitation of the ctrth and moon, its influence on 
the cSirervatton of the fun atid planets, with a method 
of obfcrving it. An. 1768, pa. 156. 

1 Dcfcriptlon of a new method of Obferving the 
heavenly bodies out of the meridian. An. i'; 68 , 
ua. 17^’ 

17. Obfervations on a Solar Eclipfe. An. 1769, 
pa. 286. 

13. pcferlption of a new Hygrometer. An. 1771, 
pj. 198. 

14. An Experimental Examination of the quantity 
and proportion of Mechanical Power, necejlary to be 
employed in giving different degrees of velocity to hea- 
vy bodies from a ffate of reft. An. 1776, pa.450. 

SMOKE, or Smoah^ a humid matter exhaled in 
form q| vapour by the adion of heat, either external 
or internal ; or Smoke confifts of palp-ible particles, 
elevated by means of the rarefying heat, or by the 
force of the afeending current of air, fiom certain bo- 
dies expofed to heat ; which particles vary much in 
their propel tics, according to the fubllanccs from 
which they are produced. 

Sir Ifaac Newton obferves, that Smoke afeends in 
tlie chimney by the Impnire of the air it floats in ; for 
I hat air, being rarefied by the heat of the fire under- 
neath, has its fpccific gravity diminilhed ; and^ thus, 
being difpofed to afeend itfcif, it carries up the Smoke 
along with it. The tail of a comet, the fame author 
fuppofes, afeends from the nucleus after the fame man- 
ner. 

Smoke of fat unftuous woods, as fir, beech, 5 (C, 
makes what is called lamp-black. 

Theve are various inventions for preventing and cur- 
ing fmoky chimneys ; as the acoliplles of V itruvius, 
the ventiducts of Cardan, the windmills of Bernaid, 
the capitals of Scrlio, the little drums of Paduauus, 
ami feveral artifices of De Eonuc. See alfothc philo- 
fopliical works of Dr. Franklin. Pans, refembling 
iugar pans, placed over the tops of chimneys, arc ufe- 
ful to make them draw better j and tiie fire-grates called 
ugillcf-lloves, are always a fare remedy. 

‘in the Philofophical Tranfadious is the defeription 
of an engine, invented by M. Dalefme, which con- 
fnmes the Smoke of all lorts of wood fo effe^ucillv, 
iliat the eye cannot difeover it in the room, nor the 
nofe diitingulfli the fmell of it, though the fire be imule 
in the middle of the room It confiHs of feveral ii on 
hoops, 4 or 5 inches in diameter, wiiieli fhut into one 
anotljcr, and Is placed on a trevet. 

The late invention called ArgamPs lamp, alfo con- 
fumes the Smoke, and gives a very ftroiig light. Its 
piinclple is a thin broad cotton wick, rolled into the 
f>im (jF a hollow cylinder; the air paffes up the hollow 
of it, and the Smoke is almoll all confumed. 

Smoke Jach, is a jack, for turiiHig a Ipit, turned by 
llif. Smoke of tlie kitchen lire, l>y means of tliiii non 
huls fet obliquely on an axis in the flue of tlie chimne). 
See J.vcK. 

SNELL (Rodolph), a rcfpedable Dutch philofo- 
pher, was born at Oudrnwater in 154b. Hevvasfonic 
lime profefforof Hebrew and mathematica at lA-ydcn,^ 
"here he died in 1613, at 67 years of age. He was 
author of fcVcral w'Crk5^cn geometry, and on allparnot 
VoL, n. 


the philofophy of his time; biit I have not obtaintxl a 
particular hit of them. 

' «SxhLL ( UVkhorJ), fon of Rodolpli above menv 
tioned, an excellent mathematician, w'as oorn at Leyden 
In 1591, where he fucceeded his father in the mathe- 
matical chair in if>i3, and where he died iu 1626, at 
only 3 ? years of age. 

Willebrord Sucll was aiitlior of feveral ingenious 
works and difeoveries. Thus, it w'as he who hrll dll- 
covered the true law of the icfradtion of the raja ot 
light ; a difeovery which he made befi^re it was au- 
iiounced by Des Caitcs, as Huygens aflbres iiS- 
Though the work which Snell prepared upon this 
fuhjed, and upon optics in general, was never pub- 
lilhed, yet the difeovery w^as very well known to be- 
long to him, l)y feveral authors .ihoiit hi.*- time, who 

had feen it in his manuferipts. He nndertoi k alfo 

to nuafurc the earth. This he effected by meaferiug 
a (pace between Alcmacr and 13 c-rgen-op zoom, tl c 
difference of latitude betwctn thefe places btii.g 
1® 1 1 ' 30". He alfo meafnred another diftarce between 
the parallels of Alcmaer and Leyden ; and from the 
mean of both thefe meafnremtnts, he made a decree to 
conlill: of 5502 1 Ficnch toifesor fathoms. Thele mta- 
furcs were aftei wards repeated and corrtftcd by Mut- 
fchenbioek, who found the. degree to ci ntain 570^3 
toifes.— Hc was author of a great many learned mathe- 
maticahvorks, the principal of which are, 

1. ylprMonius JiiTtnvus ; being the refloration of fornc 
loft pieces of Apollonius, concerning Determinate Sec* 
tion, w'ith the iSe^hon of a Ratio and Space : in 410, 
1608, puhlilhcd In his 17th year. 

3. JCtafoJIhcrics Jialavus i in 4to, 1617. Being! hr 
work in which he gives an account of his operations in 
mcafutiog the earth. 

3. A tranflation out of the Dutch language, into 
Latin, of Lndolph van Collcn's book J)c Ctrculo Lf 
Adferiptis^ ; 111410, 1619. 

4. CyrlcmrtrkuSf De CtriuH Dmenfione &c ; 4to^ 
162 I. In this work, the author gives feveral ingenkM^ 
approx imations to the mcafure of the ciiclc, both ailtlu 
metical and geometrical. 

y. Dphis Baiavus ; being a treatife on Navigation 
and Naval ; in 410, 1624. 

6 . A pofthuinoiis tieatife, being four books DoHtB 
n<f 7 natii’ulorum Coriouica ; in 8 vo, 1627* w filch 
are roiitaiiicd the canon of fccants; and in w-liich the 
conllnidion of fine', tangents, and fccants, with the 
diinenfion or calculation of trianplefi, b»th plane and 
foluiita), are hiitfly and clcmly treated. 

* 7. Helfiaii and Bolicmian Oblcrvatioiib ; with his 
own notes. 

H. Lihm AponmmcalA Vhikjr.phvn ; in which he 
undertaked tlie examination of the principles of Galileo 
concerning comets 

9. Concerning the Cornet which appeared in 1618, 

> 

SNOW, a well known meteor, formed by tlie freez- 
ing of the vapQui'S in the aimofphcTC. It differs from 
hail and hoar-froft in being as it were cryllaUixed, which 
they arc not. This appears on examination of a flake 
of Snow by a niitgnifying glafs; wlrcn the whole of it 
appears to be compofed of fine ft.ininff fpiciila di- 
verging like rays from a centre. Aillic nakef defeend 
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thipujg^h the atmofphcre, they We Cpl^iowllj|oiBcdby- 
nmrof thefe raaiated fptema^ iiM^ thtls tnerhfe ifi 
hulk Hke the drops^of liin drhailftoneit fo that it 
fccmi as if the whdlc body of SnoW were an Mnitc 
jnafs of ictcleB irregularly fipred. 

The lightnefs of Snow, although it is firm ice, is ow- 
ing to the cxcefs of its furfacc, in comparifon to the 
matter contained under it ; as even gold itfelf may be 
Wt ended iu rurface,till it will float upon the lead breath 
of air. 

According to Bcccaria, clouds of Snow differ in no- 
thing from clouds of rain, but in the circumftance of 
cold that freezes them* Both the regular diffufion of 
the Snow, and the regularity of the ttrudure of its 
parts, .(hew that clouds of Snow are aflcd upon by feme 
uniform caufe like cle£^ricity ; and he endeavours to 
(hew how eleAricity is capable of forming thefe figures. 
He was confirmed in his conjedlures by obferving, that 
his apparatus for (hewing the elcftricity of the atmo- 
fphcR*, never failed to be eleftrified by Snow as well as 
by rain. Profeffor Wintrop fometimts found his appa- 
ratus cleArified by Snow when diiven about by the 
wind, though it had not been affedled by it when the 
Snow itfelf was falling. A more intenfe electricity, 
according to Bcccaria, unites the particles of hail more 
clofcly thari the more moderate cleAricity does thofe 
of Snow, in the fame manner as we fee that the 
drops of rain which fall from the thunder-clouds, are 
larger than thofe which fall from others, though the for- 
mer defeend through a lefs fpace. 

In the northern countries, the ground is covered 
with fnow for fevcral months ; which proves exceeding- 
ly favourable for vegetation, by prelcrving the plants 
from thofe intenfe Softs which arc common in fuch 
countries, and which would certainly deftroy them, 
Bartholin aferibes great virtues to Snow-water, but ex- 
perience does not feem to warrant his affertions. Snow- 
water, or ice-water, is always deprived of its fixed air : 
and thofe nations who live among the Alps, and ufc it 
for their conftant drink, are fubjc6l to affeftions of the 
throat, which. 1® thought are occafioned by it. 

From fome late experiments on the quantity of wa- 
ter yielded by Snow, it appears that the latter gives 
only about one-ltnth of its bulk in w'ater. 

SOCIETY, an affcmblage or union of fevcral learn- 
ed perfons, for their mutual affiftancc, improvement, or 
information, and for the promotion of philorophicalor 
other knowledge. There arc various pnilofophical So- 
cieties inftltuted in different pans of the world. Sec 
Royal Society, 

j/imefkan Philofophical Society, was eftablilhed at 
Philadelphia in the year 1769, for promoting ufcful 
knowledge, under the direaion of a patron, a prefi- 
dent, three vicc-prefidents, atreafurer, four fccretarics, 
and three curators. l‘hc firft volume of their Tranfac- 
tlons comprehends a period of two years, viz, from 
Jan. 1, 1769, to Jan. I, 1771. Their labours feem to 
have been interrupted during the troubles in America, 
which commenced foon after ; but fince their termina- 
tloDj fome more volumes have been publtfhed, contain- 
ing a number of v<ry ingenious and ufeful memoirs. 

American Academt n Arts and Sciencej^ was ctla- 
Wi(hed by a law of the Comraonwealtfr of Maflkchufctls 
ial^orth America, in the year lybo. 


jBeiftop Aca^im 0 / Arts l^i^ts t So- 

ciety 6|nilar to the former, which^ tiias lately hfen efta- 
bli(h^ at Bdfon in New Englafld^i^del' title of the 
Acaaemy of Arts and Sciences 

Berlin Society. The Society of Natural Hifto- 
rians at Berlin, was founded by Dr. Martini. There 
is alfo a Philofophical Society in the fame pUce. 

Brujfcls SoetBTY. The Imperial and Royal Acade- 
my of Sciences and Belles Lettres of Bruffels was 
founded in 1775. Several volumes of their J[*ranfac- 
tions have now^bcen publifhed. 

Duhlin SociFTY. This is an Experimental Society, 
for promoting natural knowledge, which was inftituttd 
in 1777 : the members meet once a week, and diftrl- 
bute three honorary gold medals annually for the moft 
approved difeovery, invention, or effay, on any mathe- 
matical or philofophical fubjeft. The SocIet» under 
the diredion of a prefident, two vice-prefidentsi and a 
fecretary. 

Edinburgh Philofophical Society, fucceeded the Me- 
dical Society, and was formed upon the plan of includ- 
ing all the different branches of natural knowledge and 
the antiquities of Scotland. The meetings of this 
Society, interrupted in 174J, w’erc revived in 1752 ; 
and in 1754 the firft voluirie of their colledion was 
publilhed, under the title of Effays or Obftrvatior.s 
Phyfical and Literary, which has been fuccceded by 
other volumes. This Society has been lately incorpu- 
rated by royal charter, under the name of the Royal 
Society of Scotland,’ inftltuted for the advancement of 
learning and ufeful knowledge. The members are di- 
vided into twaclaffes, phyfical and literary ; and thofe 
who arc near enough to JEdlnburgb to attend the meet- 
ings, pay a guinea on admiffion, and the fame fum an- 
nually. The firft meeting was held on the firft Mon- 
day of Auguft 1783 ; when there were chofen, a pre- 
fident, two vice-prefidents, a fecretary, treafurcr, and 
a council of 12 perfons. Three of the volumes of their 
Tranfadlions have been publifticd, which are very rc- 
fpeftable both for their magnitude and contents. 

In France there have been fevcral inftitutlons of this 
kind for the improvement of fcience, befides thofe re- 
counted under the word A.cademy : As, the Royal 
Academy at Soiffons, founded in 1 674 ; at VHlefranche, 
Bcaujolols, in 1679 j at Nifmes, in 1682 > at Angers, in 
1685 } the Royal Society at Montpelier,- in 1706, 
which is fo intimately connefted with the Royal Aca- 
demy of Sciences of Paris, as to form- w]thit, in fome 
refpefts, one body j the literary produAions of this So- 
ciety arc publifticd In the memoirs of the academy : the 
Royal Academy of Sciences and Bellea Lettres at Ly- 
ons, in 1700 ; at Bourdcaux^ in »70J; at Marfeillef, 
in i.726; at Rochelle, in 1734;^ at Dijon, in 1740; 
at Pau in Bern, in 1721; at Beziers, in 1723; at 
Montauban, in 1744; at Rouen, in 1744} at Amiens, 
in 1 7 50 j at Touluufc, in 1750; atBefiin^on, in 1752 ; 
at Metz, in 1760 j at Arras, in 1773 j and at Chalons 
fur Maine, in 1775. For other inllUutioM of a fimikr 
nature, and their literary productions, fee the articles 
AcADBJIY, JoUEKAL, anaTHAllSACTtOllS. 

Manebejier LHeraty and Philofophical Society, 
of confiderable reputatioti, and has been lately efta* 
bli(hed there, under the^dlreAion of two prefidcnts 
four vicC'prefidentSi and'tyofccrttiiTicg. The numUc 
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.v^rS^jm %ml%t 9^ of w^^pm are, ele^tw bf tttci^injr wbeo be i 
Sdtfic 'om^ ate cbofeo anttuaily in April. If) 5 .tne reloponnefia 


Several valaable effays We Wn already read at the 
mce^ngs of ^jis Society* 

Literary an 4 Vhllofophical So. 
ciETY. This Society was inftituted the 7th of Fe- 
bruary l)^h wnderthe diredfion of a prei'idcnt, four 
vice-prefidents, two fccretanea, a treafurer, which to* 
gether with four of the ordinary members form a com* 
mittee, all annually ele£led at a general meeting. The 
fubjeds propofed for the confideration and improvement 
of this Society, comprehend the mathematics, oatuial 
philofophy and hiftory, chcmillry, polite literature, 
antiquities, clvilhiftory, biography, queftionsof gene- 
ral law and policy, commerce, and the arts. From 
Inch ample fcope in the objeds of the Society, with 
the known relpe^fability, zeal, and talents of the 
members, the greatcll improvements and difeoveries 
may be expeded to be made in thofe important branches 
of ufcful knowledge. 

SOCRATES, the chief of the ancient philofophcis, 
was born at Alopece, a fmall village of Attica, in the 
4th year of the 77th olympiad, or about 467 years be- 
fore Chrift. Sophronifeus, his father, being a ftatuary or 
carver of images in ftone, our author followed the fame 
profcflion for lomc time, for a fubfiftence. But being na- 
turally averfe to this profcflion, he only followed it 
when neceifity compelled him ; and upon getting a 
little before- hand, would for a while lay it afide, Thefe 
intermilions of his trade were bellowed upon philojo- 
phy, to which he was naturally addi£lcd : and this 
being obferved by Crito, a rich philoC^her of Athens, 
Socrates was at length taken from his mop, and put in* 
to a condition of philofophifing at his cafe and Ici- 
fure. 

He had various inilru^lors in the fcienccs, as Anaxa- 
goras, Arctiylaus, Damon, Vrodicus, to whom may 
be added th^ tyvo learned women Diotyma and Afpa- 
fia, of the ialt of whpm he leaimed rhetoric: of Euc- 
nus he learned poetry ; 'of Ichomachus, hufbandry ; 
and of Tlico^orus, geometry. 

At length he began himfelf to teach ; and was fo 
eloquent, that he could lead the mind to approve or 

a rove whatever he pleafed ; but never ufed this ta- 
r any other purpofc than to conduct his fellow ci- 
tizens into the path of virtue. The acadertiy of the 
Eyeseum, and a plcafant meadow without the city on 
the fide of the river tlyflus, were places where he clueHy 
delivered his inllruAioni, though it feems he was never 
out of his way' in th^V refpeft, as he made ufe or all 
times and pWes for that purpofc. . 

, He is reprefented^ by Xenophon as excellent in all 
kinds ofleainihg, and pjarticularly inftances arithmetic, 
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has life , ^ing wluiiy 
be went out upon * ierrket* 

ponnefian war b^ was taripe perfonallt 
engaged: uj^n which occ^fions it is Ibid hb out- 
went all the foldiers in hardinefa : and if' at any time, 
faith Alcibiadcs, as it, often happens in war, the pro- 
vifions failed, there were none who could bear the 
want of meat and drink like Socrates } yet, 00 tjlK 
other hand, in times of feafling, he alone feemcd to 
enjoy them ; and though of himfelf he would not drink, 
yet being invited, he far outdrank every one, though 
he was never feen intoxicated. 

To this great philofopher Greece was principsHy 
indebted for her glory and fplendor* He formed the 
manners of the moft celebrated perforts of Greece, as 
Alcibiades, Xenophon, Plato, &c. But his great fcf- 
vices and the excellent qualities of his mind could not 
fecure him from envy, perfecution, and calumny., The 
thirty tyrants forbad his inllrufling youth ; and as he 
derided the plurality of the Pagan deities, he was ac- 
cufed of impiety. The day of trial being come, So- 
crates made his own defence, without procuring ah ad- 
vocate, as the cnllom was, to plead for him. He did 
not defend himfelf with the tone and language of a 
fuppliant or guilty perfon, but, if he were mailer of 
the judges themfclves, with freedom, firmnefs, and 
feme degree of contumacy. Many of his friends alfo 
fpoke ill his behalf \ and laftly, Plato went up into 
the chair, and began a fpeech in thefe w'ords ; “ Though 
I, Athenians, am the youngctl of thofe that come, up 
into this place”— but they Hopped him, crying qut, 
of thole that go down,” which he was thereupon 
conftrained to do ; and then proceeding to vote, they 
condemned Socrates to death, which was cffcAed hj 
means of poifon, when he was 70 years of age. Plato 
gives an affefting account of his imprlfonmcnt and 
death, and concludes, “ This was the end of the bell# 
the wifeft, and the jufteft of men.” And that ac- 
count of it by Plato, Tully profclTcs, he could never 
read without tears. 

As to the perfon of Socrates, he is reprefented as 
very homely j he was bald, had a dark complexion, a 
flat noff*, eyes flicking out, and a fevere downcaft 
look. But the dcfcAs of his perfon were amply corn- 
peiifated by the viitues and accomplifhments of his 
mind. Socrates was indeed a man of all virtues j and 
fo remarkably frugal, that how little foever he had,- it 
was always enough. When he was amidfl a great va- 
ricty of rich and cxpcnllve objeds, he would often fay 
to himfelf, ** How many things arc there which 1 do 

not want !” , . , . ^ 

Socrates had two wives,- one of which was the noted 
Xantippe ; whom Aulus Gellius deferibes asan ac* 
curfed froward woman, always chiding and fcoldiugf 
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geometr,, apd >ttrolo^,ot aftronomy : Plato „ itriafand cxcrclfe o^ his temper. Several 

.atural philotophy't rhetoric { “iAftanco. are recorded of her impatience and. W» jofi 

medicine, las ba«n«. One day, before fonie of hisfrieirfjl,: fte (cU 

L^hnd •theiudement of aU(?reecc. he was, of her pairioni^ltfn^h*,, 

without anfwering a vvoid, w'cntal^oad Mth ihcip? 
but on his going out of the door, (pe Wtt up into the 
chatpher, and threw down water Uprabil bead f .«po^ 
which, turning to hi* ^ eid.aQt I iUjJ/yoa 
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the learned >nd 4tkr judgment - - i , ^ ^ 

as well m Wiidomi acutepefs, poUienefa, and tubtlety, 
as in eloquance, and nclmcfs, in whatever he 

applied ‘wjjthput 

all, ‘ ^ ^ 'I 

it Socrates Imle 
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we two yow my allAand by> and 017, WeU 
doni'i Sect ales ; to hoUj Xantippe* ^ ' 

They who affirm tint Socrates wrote nothing, mean 
olily in refpea to Ills philofophy ; for it is attcllcd and 
'allowed, tint he alfifled F.unpides in cmnpolmg trage- 
dies, and was the author of fome piccts of poetry. 
Tludogues alfoaud epiftks arc akrlhed to him: but 
his philofopliical difputations were committed to writ- 
Jim only by his fcholars } and that chiefly by Plato and 
Xenophon. The latter fet the example to the re It 
in doing it hrll, and alfo with the greateft punduality ; 
as Plato did it with ihe moll libeity, inlermixuig io 
much of his own, that it is hardly poffibleto know what 
p^rt belongs to each. Hence Socrates, hearing him 
recite hisLyfis, ciKiiont, “How many things doth this 
young man feign of me 1 ’* Accordingly, the gredtCi 
priit of his philofophy is to be found in the writings or 
Plato. To Sociaus is aleribcd the firft introdudion 
of moial philriophy. Man having a twofold relation 
lo things divine and human, his dodrincs were with 
regard to the foimcr mttaphyfical, to the latter moral. 
His metapliyfical opinions w'ere chiefly, that, Ihcre 
are three principles of all things, God, matter, and 
idea. God is tjve univerfal intcllcd } matter the fub* 
jed of generation and corruption j idea, an incorpoical 
lubllance, the intcllcd of God ; God the intcllcd of 
the, world. God is one, perfed in himfclf, giving the 
being and well-being of every creature,— That God, 
not chance, made the world and all creatures, is demon* 
Arable |from the reafonable difpolition of their parts, as 
well for ufe as defence j from their care to preferve ihem- 
fclvcs, and continue their fpeoics. — That he particularly 
regards man in his body, appears from his noble upright 
form, and from the gift of ipecch j in his foul, from 
the excellency of it above others, — ^That God takes 
care of all creatures, is demon (Irablc from the benefit 
he gives tliem of light, water, fire, and fruits of the 
cartlr in due fcafon. That he hath a particular regard 
of man, from the defiination of all plants and creatures 
for his ftrvice ; from their fubjedion to man, though 
they may exceed him ever fo much in flrength ; from 
the variety of man’s feiife, accommodated to the variety 
of objeds, for nectllily, ufe, and pleafurc ; from reafon, 
by which he difcourfetli thiough leminifccncc froin len^ 
fiblc objeds J from fpccch, by wliich he communicates 
4II he knows, gives laws, and governs llates. Finally, 
that God, though invifible himfeU, at once fees all, 
bears all, is every where, and orders all. 

As to the other great objed of metaphyfical re- 
fcaich, the foul, Socrates taught, that it is pre-exili- 
tfi^to the body, endued with the knowledge of eterngl 
ideas, whiYh in its union to the body illokth, as llupcr 
tied, until awakened by difepurfe from fcnfible ob- 
jcds ; on which account, all it8^ea^ning is only remi- 
nifcence, a recovery of its full knowledge. Tliat the 
body, being compounded, is diflblved by death > but 
that the foul, being fimple, pivfTeih into another life, 
incapable of corruplitm.. lliat the fouls of men art 
divine. That the fouls of the good after death arc in 
A ^pjP7 fintCf united to God in a blefled inaccelUble 
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Ionics, PeripulcMcS, Academics, Gyreuaics, btoics, 
&c. 

SOL, inAflrology, &c, fignlfies the fuu.^ 

SOLAR, lomcttiing rcUtmg to Uie luu. Thus, we 
fay Solar 'liic ui contudillmdion to culinary lire. 

Solar Civil Monib, See Month. 

Solar Cycle, Sec Cycle. 

Solar Comet. See Discus. 

Solar Eebpfe, is a piivation of the light of the fun, 
by the interpolition ol the opake body of the moon. See 
Eclipse. 

Solar Mouthy ^hc fubftan- 

lives. 

Solar Syjlcmy the order and difpofition of the fc^ end 
heavenly bodies, which revolve lound the fuu as the 
centre of their motion; viz, the planets, primaiyand 
fccondary, and the comets. See by s fem. 

Solar Tfrtr. See \ear. 

SOI. ID, in Phyfies, a body whofe minute paitsaic 
conneded togethei, fo as not to give way, or flip iiom 
each other, on the fmallell imprefllon. The w’oid is 
ufed in this fenfc, in euntradillindion to fluid. 

SoLin, in Gcometiy, it, a magnitude extended in 
eveiy poflible diicdioii, quite around. Thougli it is 
commonly faid lo be endued with three dimenlions on- 
ly, length, breadth, and depth or thicknefs.^ 

Hence, as all bodies have thefe tliice dimenfions, 
and nothing but bodies, Solid and body are often uled 
indifcriminately. 

'I he extremes of Solids are furfaces. That is, Solids 
are terminated either by one furface, aa a globe, or by 
feveral, either plane or cuived. And from the circum- 
ftancesof thefe, Solids art dillinguilhcd into regular 
and irregular. 

Regular SoLiDs, are thofe that are terminated by re- 
gular and equal planes. Thefe are the letraedron, 
iiexaedron, or cube, odaedron, dudteaedron, and ito- 
faedron ; nor can there polfibly be more than ilule iive 
regular Solids or bodies, unlels perhaps the fphcieur 
globe be confidered as one of an inhinte number ot 1 dts. 
See thefe articles fevcrully, alfo the arlicle 
Body. 

Irregular Soli ds, arc all fuch as do not come under 
the dehnition of regular ones: fuch as cylindci, eouc, 
prifm, pyramid, &c. 

Similar Solids are to one another in the triplicate ra- 
tio ol their like lidcs, or as the cubes ol the fame. And 
all forts of prifms, as alio pyramids, are to one auotlaf 
in the compound ratio of their baits and altitudes. 
Solid Anglcy is that formed by three or more plane 
il^hgles meeting in a point j like an angle of a die, ui 
the point of a diamond well cut. 

The fum of all the plane angles forming a Solid an- 
gle, is always Icfs than 360^ i oUierwife they would 
conditute the plane of a circle, and not a Solid. 
Atmofphcre of Solids. See Atmosphere. 

Solid Bajim, See Bastion. 

Cuhmrt of Folios.' Cue^tviu and Son* 
© IT y. 
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- ^ .Soe MitMvna, 

Solid Foot, Sec Foot^ ... 

SoLtP thofc m\^ mk from the 

ipuliipljc^lion of ^ plane numbtr, by any ot)icr imy^x 
whatever. ThiiS, iB is a SDlid iiuraber, prpditcetl froii^ 
the plane number 6 and 3, or from 9 and 2. 

Solid F/acf. See Locus. 

SonD Probhm^ is one which cannot be conft rubied 
geometrically ; but by the interfe^ion of a circle and 
a conic fcdlion, or by the interfcd^loii of two conic fee- 
lions. Thus, to deferibe an ifofceles triangle on a 
given bafe, fo that either nuglc at the hafe lhall be triple 
i)f that at the vertex, is a- Solid problem, rtfolved by 
the iuterfedion of a parabola and circle, and it ferves 
to inferibe a regular heptagon in a given circle. 

Iti like manner, to deferibe an ifofceles triangle hav- 
ing its angles at the bafe eaOh equal to 4 times that at 
the vertex, is a Solid problem, efPeded by the intcifec- 
liimof an hyperbola and a parabola, and ferves to in- 
Lrjbe a regular nonagon in a given ciicle, 

And fuch a problem aa this has four folutions, and 
no more ; becaufe two conic fedious can interfed but 
in 4 points. 

How all fuch problems arc conftruded, is fhewn by 
Dr. Halley, in the Pliilof. Tranf. num. 188. 

Solid ^ Leaft Rejifianre. See Resistanck. 

Surfaces of Sotios. See Ari^a and Supfrfi- 

C IM S . 

SoL\D Theorem, See Theorem. 

SOLIDITY, in Phyfics, a property of matter or 
body, by which it excludes every other body from that 


place w'hich is pofTelfed by itfe^,. 

Solidity in thisfenfc is a property common to all bo- 
dies, whether folid or fluid. It is ufually called impe- 
7utraliluy ; but Solidity exprefles It better, as carrying 
with it fomewhat more of pofltivc Hian the other, 
which is a negative idea. 

Ihe idea of Solidity, Mr. Locke obferves, arifes 
from the reflflaiiee we find one body makes to the en- 
trance of another into its own place. Solidity, he adds, 
feeins the moll cxteufive property of body, as being 
that by which we conceive it to fill fpace ; it is didin- 
guilhed Ircm meie fpace, by this latter not being capa- 
ble of re fi dance or motion. 

It is dillinguiflied from haidnefs, which is onlv a 
film colielion of the fulid parts. 

1 he difficuUy of changing fitiiarion gives no more 
'•olidity to the hardell body than to thtfofitn ; cor is 
tile haidcil cliumond properly a jot more iolid ih.m wa^ 
Ifr. By this we dillinguifii the idea ol the txtenlion 
of body, from that of the cxKnfion of (pact : that of 
body is the continuity or colielion of fohd, hfaiable, 
moveable pai tip that of fpace the contmuii) of unfo- 
hd, inftparable, immoveable pane, 

^he Cartclians however will, by all nuanf, deduce 
^hdity, or as they call it impenetrability, from the 
natuie of extenflon ; they contend, that tlic idea of 
|he former is contained iu that of the latter ; and hente 
they argue agRintt a vacuum. Thus, fay they, one 
foot of cxttnfion cannot be added to another 
^iinout having two cubic feet of extenfion ; for each 
m itfelf all that is required to conllitutc that inag- 
And hence t!ity cpnclude, that every part of 
M folid, Dr impea^trabic, as of its ow;i naLurc it 
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exclude, all others. But tW c(?ncl<jlion j. falfe, wd 
the inHaace they g,ve ftllow. from thw, ilurt tK^iferti 

tti'or Wid.”TrJtVrT»!'“ ® 

StJuotTy i. alfo ufed fur hardnef.^ or'firmaeli i k( 
oppofed to fluidity; viz, when body is coijidered el- 
thcras fluid or Iolid, orhard or ftrm. 

SoLluiTY, MI Geometry, denote, the quantity of 
fpacecontaiued a folid body, or occupied by it , 

U r V ° ‘1*'^ '■<>''/«>/, or the eutical cMlttu' t for 
all rohds are meafured by cube., whofefide. are mche«, 
or feet, or yards, &e ; and hence the Solidity of n 
body IS faid to he fo many cubic inches, feet, yard., 
Kc, as will fill Its capacity or fpate, or another of afl 
equal magnitude. 

The Solidity of a cube, parallelopipedon, cylinder, 
or any other pnfmatic body, i. e. one wliofe parallel 
feaions arc all equal and fimilar tbrouRhout, is found 
by multiplying the bale by the height or perpendi- 
ciilar altitiidc. And of any co'ne or other pyramid, 
the Solidity is equal to one-third part of the fame 
prifm, bccaufe any pyi-ainid is equal to the zd part of 
Its ciraimfcnbing pnfm. Alfo, becaufe a fphere or 
globe may be coiilidcred as made up of an infinite 
number of pyramids, whofe bafes form the furfacc of 
t^he globe, and their vertices all meet in the centre, or 
having their common akitiidc equal to the radius of the 
globe t therefore the folid content of it is equal to one- 
third part of the produft of its radius and ftirfice. 
bor the Solidity of other figures, fee each fiourc fcoa- 
ratdy. ^ 

The foregoing rule., are fuch as are derived from 
common geometry. But there are in nature number, 
lefs other forms, which require the aid of other me- 
thods and principles, as follows. 

Of the Solidity of Bodies formed hy a Plane revoking 
about any Ams, either within or without the Body,-^ 
Concerning fuch bodies, there is a 'remarkable proper- 
ty of relation betw-een their Solidity atul the path or 
line deferibed by the centre of giavity ofthc revolving 
plane; viz, the Solidity of the body generated, whe- 
ther hy a whole revolution, or only a part of one, is 
always equal to the prodiift arifiiig from the genera’t- 
iug plane drawn into the path or line deferibed by its 
teiitieof gravity, during its motion in deferihing the 
bwly And this rule holds true for figures generated 
by all forts ofmotion whatever, w'helher rotatory, or di- 
rert or parallel, or irregularly zigzag, v^c, provided the 
geiierating plane vary not, but continue the fame 
thionghout. And the fame law^ holds true alfo for 
.ill Imface^ any how generated by the motion of a right 
line. I'his is called the Cintrobaiic method. See my 
Mtiiltuatiou, feft. 3, part 4, pa. 501, zd edit. 

0/ the .Solidity y Bodies by the Method of Fluxions, 
-“-1 his method applies very advantageoufly in all cafes 
alfo in vvfiich a body is conceived to be generated by live 
revolution of a plane figure about an axis, or, winch is 
inucji the fame thing, by the parallel motion of a ciicle^ 
gradually expanding and coutradiing itfelf, according 
to the nature of the generating plane. And this 
thi)d is particulaily ufcfiil for the folids generated by 
any curvilmcal plane figures. I’hus, let the plane 
AKD revolve about the axis AD ; then it will generate 
the folid ABFEC. But as every un^iiate D£, per- 

' ' ' pendicular 
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pilndmg itfcif larger arid larger,', ; 

^djwoying per*f eridicuUrly di^ " 

^c- ax,ig AU. Cqnfequcntly the 
^req of that circle be^hg jorawa 
^ritQ the ftuxiori of the axidi iinll 
.^ptbducq the BuxIod of the folid ; arid therefore the 
‘juen^-when taken, will give the Solidity ofthatbo- 
‘ 4 y^, That is, AD X circle BCF, (wbofe radius is DE, 
or diameter BE) is the fluxion of the Solidity. 

. Hence then, puttingADrr if, DE =9y, c = 3*i"4i6; 
'beca^ufe 9* equal to the area pf 4lie circle BCF ; 
^^hertfbrc is the fluxion of the folid, Cbnficquent- 
ly if the value of either or at * be found in terms of 
each other, from .the given equation exprefling the na- 
ture of the curve, and that value be fubttituted for it in 
the fluxionalexpreffion cy*if, the fluent of thcrefulting 
'.quantity, being taken, will be the required Solidity 
of the body. 

■ For Ex. Suppofe the figure of a parabolic conoid, 
generated by the rotation of the common parabola 
ADE about its axis AD. In this cafe, the eauatlon 
of thq curve of the parabola \%px =:^*, where/ denotes 
the parameter of the axis. Subftituting therefore px in- 
lleadof in the fluxion cf‘Xf it becomes cpxx\ and 
the fluent of this is rr \ixf for the Solidity j that 
is, half the produA of the bafe of the folid drawn Into 
its, altitude 5 for rj* is the area of the circular bafe BCF, 
ftnd;r is the altitude. And fo on for other fuch figures. 
See the content of each folid under its-proper article. 

For the Solidity of Irregular Solids^ or fuch as can- 
. not be confidcred as generated by fome regular mo- 
tion or deferiptiod j they muft either be confidcred as 
.cut or divided into feveral parts of known forms, as 
.prifms, or pyramids, or wedges, Jee, and the contents 
of ihefe parts found feparatcly. Or, in the cafe of the 
fmaller bodies, of forms fo irregular as not to be cafily 
divided in that wayi put them into fome hollow regu- 
. lar veflel, as a hollow cylinder or parallelopipedon, &c ; 
then pour in water or fand fo as it may fill the veflel 
juft up to the top of the inclofcd irregular body, noting 
the height it rifes to ; then take out the body, and note 
the height the fluid again ilands at ; the difference of 
thefe two heights is to be confidcred as the altitude of a 
prifm of the fame bafe and form as the hollow veffel ; 
and confequcntly the produd of that altitude and bafe 
will be the accurate Solidity of the immerged body, be 
' it ever fo irregular. 

SOLSTICE, in Aftronomy, is the timewheri the 
fun is in orie of the folllitial points, that is, when he 
is at the greateft diftance from the equator, which is 
V now nearly 23® on either fide of it. It is fo called, 
becaufe trie fiiii then feems to ^and ftitl, and not to 
.change h^;|^e, as to declination, either way. 

Thci^art two Solfticfes, in each year, - when the « fun 
if at the ^ateft diftance on the noith and fouth fidcs of 
ythc fcclipBc ^ viz, thes^rvn/or 


This if to be underftooid^rfii h Our northern heniN 

g ere ; for in the. f]buth«r% tlxi funfa enttaace into 
jwicom nwlQ^^heir .fttmtnerrSolftiee, wid that into 
Ctfnccr the winter one.’ 'So ihat it is inorcpriecife and 
determinate, to fey’ the^ftorthern ‘arid fouthern Solflice. 

SOLSTITIAL arethofe points of the eclip- 
tic the fun ia in at the titttii^df the two* Solilices, bcin^ 
the fipft points of Caftfcef and Capricorn, which aic 
diametricaHy oppofite to iach Other* 

Solstitial Colure, is that which pafl^es through 
the Solftitial points. 

SOLUTION, ’in Mathematics, is the anfvi^ering or 
refoivtng of a quettion or problem that is propol'ed. 
See Resolution, and Reduction of Equations. 

Solution, in Phyfies,-4S the redudion of a folid or 
firm body, into a fluid ftate, by means of fome menlliu- 
um. — Solution is often confounded with what is called 
diflblution, though there is a difference. 

SOSIGENES, was an Egy^ian ntathematician, 
whofe principiil fludieswei'e chronology and the mathe- 
matics in general, and who flouriflied in the time of 
Julius Ciefar. He isieprefcnted as well verfed in the 
mathematics and aftronomy of the Ancients; particu- 
larly of, thofe celebrated matbematicianR, Thales, Ai- 
chiincdcB, Hipparchus, Calippus, and many others, 
wIk) had undci taken to determine the quantity of the 
folar year ; which they had afeertained much neaitr 
•the truth than’ one can well imagine they Ihould, with in- 
■ftruments fo very imperfect ; as may appear by refer- 
ence to Ptolomy^s Almageft. 

It feems Sol%enes made great improvements, and 
gave proofs of his being able to demonftrate the cer- 
tainty of his difcovtrics ; by wliich means he bccanu- 
popular, and obtained repute Vv itli thofc who had a ge- 
nius to undeiftand and relilh fuch enquiries. Hence he 
was feut fur by Julius Csefar, who being convinced of his 
capacity, employed him in reforming the calendar ; and 
it was he who formed the Julian year which begins 45 
years before the birth of Chrift. His other works are 
loll fince that period. 

SOUND, in Geography, denotes a ftralt or inlet 
of the fca, between two capes or head -lands. 

The Sound is ufed, by way of eminence, for that 
celebrated lit ait which connedls the German fea to the 
Baltic. It is fituatcd between the ifland' of Zealand 
and the coaft of Sebpnen^ It is about 16 leagues in 
length, and in general about 5 irt breadth, except near 
the caftle of Cronenberg, where it w but one; fo that 
there is no paffage for vcffels but ulidtr the cannon of 
the fortrefs* 

Sound, in Phyfics, a perception of the mind, com- 
municated by means of the car; he^ ari cffc^ of the 
coUifioQ of bodies, and tbek confequeot tremulous 
motion,, communicated to tlic ambient fluid, and fe 
pr^ag^ted through it to the organsof hearing* 

.To illuftrate the caufe of Sound, it Is to be obferved, 
I ft, That a motion fe necoflary in the fonorous body 
£01; produAioa of ibuodll *^y^ TM. thie motion 
•cxrfti nrft in the (mall and inifeafibie ]^rtt of the 
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M coramumcated cq, ofpraduces a like motion in the air.' 
or ruch parts of it is are fit t<r receive and propiRate 
It. • LalUy, That this motion muft be communiatcd 
to tbofeparts that are the proper and immediate inftru- 
ments of hearing. 

Now that motion of a fonorous body, which is the 
immediate caufe of Sound, may be owing to two diflTe- 
rent caufes ; either the percuffion between it and other 
hard bodies, as m drums, bells, chords, Sifi ; or the 
bcatinjt and dalhing of the fonorous body and the air 
immediately againft each other, as in flutes, tium- 
pets, See, 

But in both thefe cafes, the motion, which is the 
confequeoce of the mutual a6tion^ as well as the imme- 
diate caufe of the fonorous motion which the air con- 
veys to the ear, isfuppofed to be an invifible, tremulous 
or undulating motion, in the fmall and iiifcnfihle parts 
of the body. Perrault adds that the vifible motion 
ol the grofler parts contributes no otherwife to Sound, 
than as it caufes the invifible motion of the fmaller 
parts, which he calls particles, to diftinguilh them 
frorn the feufible ones, which he calls parts, and from 
the fmalleft of all, which are called corpufcles. 

The fonorous body having made itsimprcflion on the 
contiguous air, that impreflion is propagated from 
one pat tide to another, according to tlie laws of pneu- 
matics, ^ 

A few particles, for inAance, driven from the fur- 
face of the body, puAi or prefs their adjacent particles 
into a lefs fpace ; and the medium, as it is thus rarefied 
in one place, becomes condenfed iij the other; but the 
air thus comprelTed in the feeond place,* is, by itselalli- 
city, returned back again, both to its former place and 
Us former Hate p and the air contiguous to that is com- 
preljed ; and the like obtains when the air Icfs com- 
prelTed*, expanding. jitfdf, a^new compreHion is gene- 
rated. Therefore from each agitation of the air there 
arilcs a motion in it, analogous to the motion of a 
wave on, the furfacc of the water ; which is called a 
'Uf/tvc or undulation of air. 

In each wave, the particles go and return back again, 
rough very Aiort equal fpaces ; the motion of each 
particle being analogous to the motiqn of a vibrating 
Ppdulum while it performs two; ofcHlations ; and moll 
the laws of the pendulum, with very little altera- 
tion, being applicable to the former, 

‘ oundsare as-varioua hs are the means that concur in 
producing them. The chief varieties I'elult fiom the 
^ure, conftitution, quantity,- Sk, of the fonorous 
oF k * Wanner of percuffion, with the velocity &c, 
the coflfequent vibrations pthe Aate and coiiAituiion 
he m^ium ^ the ,difpofition,.diAancc, &c, of the 

; the obAacles between the organ and the fono- 
rous. J V. ... ^ 


ttciMl-ktfcenbr tfaeft’ mutud • r .. 

fion, c«eh other, which ^uce» the titm^. opnion, that ao Seoad <nakia« fewer 

wAiii, cap. 1, icCt. 13, f 

saZI'* of Sound is the fame with that of the 

whlftC'''*’ whether it go 

nV ^''‘"‘1 'f- By the wind indeed a «r- 

tain quantity oi air is carried from one place to anotheri 
and the Sound i, accelerated while ^rwa^l S 
through that part of the air, if their direSion 

viftf "'‘“‘I- “ Sound movea 

.iftly fwiftcr than the wind, tlic accelcialion it will 

La weT'''" “■ ‘"^nfidcrable | and the chief ef. 

an t r • "'"d is, that it incroafei 

nd dimin^es the fijace of the waves, fo I hat hy help 

o«ttJu 7 d? ' ‘l^" 

That the air is the ufnal medium of Sound, appear, 
from various expenments in raiefied and CondenleLir. 
In an une^aulled receiver, a fmall bell may be heard 
t^o feme diftaiice : but when exhaufted, it cm fcarce be 
ddUiice. When the air is con- 
Oenled, the Sound is louder in proportion to the con- 
deiifation, or quantity of air crowded in } of which 

DrMyl 'at'othVr ‘" 

Befides, founding bodies communicate tremors to 
diUaiit Udtes ; for example, the vibrating motion of a 
mufica ftring puts others iu motion, whofe tenflon and 
q of m^atter difpofe their vibrations to keep time 
propagated from the llringthat 
was flruck. Galileo explains this phenomenon by ob- 

n u ® P^udulum may be put iu motion 
by the leafl breath of the mouth, provided the blafts be 
o ten repeated, and keep time exailly with the vibra- 
tions of the pendulum ; and alio by the like ait in 
railing ajarge bell. 

It IS not air alone that is capable of the iinprcffiona 
ot Sound, but water alfo s as is maiiifei! by Unking a 
bell under water, the .Sound of Which may plafnty 
enough be heard, only not fo loud, and alfo a fourth 
n '’'!7V ,eood judges in mi.iical notes. 

And Merfenne la) .s, a Sound made under water is of the 
lame tone or note, as if nude in aii, and lizard under 
the water. 

The velocity of Sound, or the fpace through which 
It 13 priyagatcd in a given time, has been veiy diAc- 
rcntly cAimated by authois who have written concern- 
mgthisfu^cdf. Ruberval (laics it at the rate of c< 5 o 
feet in a kcond ; (Jalfendus at 1473; Merfenne at 
» tliihainej^ in the IIiAory of the Academy of 
Sciences at Paris, at 1338; Newton at 968; Der- 
ham, in whofe mcafure PlamAecd and Halley acqui-* 
efee, at, 11^2. /I 

The rtafon of this variety 13 afcribecl by Derhanj,' 


rous ociween tne or^n and tnc lono- 1 ne rtaion ot this variety h aferibed by Dcrha 

bodies. The moA notable partly to fomc of thofe gentlemen ufing llrfngs a 
aad of aSoiiilds, anfing from the various degrees plummttr, inOcad of regular pendulums ; and nartlv to 

ombinatmni,43f.tKs, the too fmall ditbucc het ween the fonqroua bgdy and 

the place of obfervation ; and partly to no regard beiqir 
had to the winds, • ® 

But by the accounts fiiice pubUlhed by M.Caffini tle ' 
Tboty, 10 the Memoirs of the Royal Acad, of Seien- 

ces 


anH V* anfing irom me various ocgrcc 

foinbiinatianf,of,thc conditions above mentioned, 
e mto . and yi«i/ (or llrong and wak) ; into 
(or fbairp itod fiat, or high and low)*; 
-I The management of which is 
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<« at Parii, 1738, -wliere cannon were fired at vanous heat' ft> much b^tfe* tiicf froat of tl^e ^^we8| of 
as well as great diftanccs, under many varieties of of aay (Htiadon, than behind oth'era, thot^i we way be 
'weather, wind, and other circumftances, and where the nearer to die fpeakteri ' Our feats, fifing hi little above 
meafures of the different places bad been fettled with each other, occafion {his defed, which Would be reme. 
the tttmoft exaCtnefs, it was found that Sound wa» pro* died, cpiild we have the feats to rife their whole-height 
pagated, on a medium, at the rate of 1038 French feet above each other, as inthc ancient tlicatres. ‘ 
in a fecond of time. But the French foot is in propor- Paint has generally been thought unfavourable ‘to 
tion to the Englilh as 1 5 to 16 ; and confequently 103^ Sound, from its being fo to mufical inllruments, whofe 
French feet arc equal to 1107 Engllfh feet. Therefore it quite detlro)s. 

the difference of the meafurcs of Derhani and CafTnii Mnfiea) inllrinnents moftly depend on the vibraiivt* 
is 35 Eiiglifli feet, or 33 French feet, in a fccond. or trcrnuloiis property of the m.iteii'al, which a body 
The medium velocity of Sound therefore is neaily at of colour hauki.ed in oil mult very much alter ; but wo 
the rate of a mile, or 5280 feet, in 4} fecoiids or a (fouid dlRingiiilh that this regards trie formation of 
league in 14 fccondsjOr 13 miles in a minute, lint Tea Soui,d, vluch may not altogether be the cafe in the 
miles are to land miles nearly as 7 to 6 ; and tliciefoie progrefs of it. 

Sound moves over a fea mile in ^ J fcconds nearly, or a U'atci lus been little noticed, with refpctl; to its con- 
fea league in 16 fcconds, duftino- Sound ; but it will be found to be of the great* 

Farther, it is a common obfervation, that perfons in eil eonfequence. 1 had often perceived in ncwly-finini- 
good health have about 75 puHations, or beats of the ed hmde , that while they were yet damp, they pro- 
artery at the wrill, in a minute ; confequently in ' 5 pul- duetd echoes } but that the echoing abated as they 
fations, Sound flies about 13 land miles, or ii^ fea dried. 

miles, which is about f land mile in 6 pulfcs, 01 Exp. When f made the following experiment there 
one fea mile in 7 pulfrs, or a league in 20 pulfes. was a gentle wind ; confequently the water was pro[)or. 

And hence the diftance of obje^fs may be found, tioually agitated. I chole a quiet part of the livcr 

by knowing the time employed by Sound in moving T(»amcs, near Chelfea Hofpital, and with two boats 
from thofc objeds to an obferver. For liix. On feeing tiied tfic dilbmee the voice would reach. On the water 
the flaih of a gun at fea, if 54 beats of the pulfc at the we could dlltimftly liear a p:rfon read at the diflaiicc 
wrift were counted before the report was beard; the of 140 feet, on land at that of 76. It fliould be oh- 
diftaiicc of the gun will eafily be found by dividing ferved, that on land no noife intervened; but on the 
54 by 20, which gives 2*7 leagues, or about 8 miles. riveiTome noife was occalioncd by the flowing of the 

Upon the nature, produdion, and propagation of water againfl the boats ; fo that tlie diiTcrence on land 

Sound, fee the article Phonics and Echo; alfo the and on water mull be much more. 

Memoirs of the Acad, and the Philof. Tranf. in many Watermen obferve, tliat when the water is Hill, and 

places ; Newton, Principla ; Kircher, Mefurgia Univer- the wtailur quite calm, if no noife intervene, a wliif- 
falis ; Merfenne ; Borelli, Del Suono ; Pridllcy, Kxper. |>fr may he heard acrofs the river ; and that with the 
and Obferv. vol. 5 ; Flales, Sononim Oodrina rationa- current it will be carried to a much greater dilbince, 
lis et experimtntalis ; 4(0 1778, Sec alfo an ingeni- and vice verfa againfl the current. 

0116 trcaiifc publiflud 1790* by Mr. Geo. Saunders, on Mariners well know the difldence of Sound on fea 
Theatres; in which lie relates many experiments made and land. 

by bimfcIF, on the nature and propagation of Sound. When a canal of water was laid -under the pit fl<H)r 

In this work, he fliewsthe great effe^i of w'ater, and of the theatre of Argenlino, at Rome, a fniprillng 

fome other bodies, in conducing of Sound, probably dilFerence was olifcrved ; the voice has fiiice been luMid 
by rendering the air more denfe near them. Some at the end very di(lin< 5 By, where it was bef(»re i'carce 

ol his conclufions and obfervations are as follow : diflingmfliable. It is obfervabie that, in this part, the 

Earth may be fuppofed to have a twofold properly canal is covered with a brick arch, over which there 

with refpeft to Sound. Being very porous, it abforbs is a quantity of earth, and the timber floor over all. 

Sound, which is coiinteraftcd by its property of con* The villa Simoneita near Milan, fo remarkable for 

dinfling Sound, and occafions it to pafs on a plane, in its echoes, is entirely over arcades of water, 

an equal proportion to its progrefs in air, unencumber- Another villa near Rouen, remarkable for its echo, 
ed by any bddy. Is bnili over lubtcriancous cavities of water. 

If a Sound be fufhcicntly intenfe to imprefs the A refervoir of water domed over, near Stanmorc, 

earth In its tremulous quality, it will be carried to a has a ftrong echo. 

coniidcrable diflance, as when the earth is flruck wu'th I do not remember ever being under the arclns 

any thing hard, as by the motion of a carriage, horfes of a Hone bridge that did not echo; which Is nut 

feet, 8(c. ^ always the cafe with fiirdlar rtrufturcs on land. 

Plaflcr is proportionally better than loofe earth for A houfe in Lambeth Marfh, inhabited by Mr. 

conduifing Sound, as it is more compaft. Tuitlc, is very damp during winter, when it yichb 

Clothes of every kind, particularly woollen cloths, an eclio which abates as the houfe becomes dry 

are very prejudicial to Sound : their abfoiption of fummer. 

Sound, may be compared to that of water, which they Kircher obfen'es, that echoes repeat more by 
greedily imbibe. than during the day ; he makes the difference to hr 

^ A number of people feated before others, as In the double, 
pit or gallery of a theatre, do conftderably puvent Dr. Plot t fays, the echo in Wood fttick park rcpc^'t* 
the voice reaching ibofe behind? and hcnct it in, that cd i; rimes by day, anj 20 by night. And Addih>’' ** 

2 expcri- 
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» fogi when 

t think Kttle doubt can re- 
mv'a of t)^ ,4nflq«ote water has on Sound ; and I con- 
<;Iu(le that It conduifts Sound more than any other body 
whatever. ^ . 

After water, ftone may be reckoned the heft con- 
duftor of Sound. To what caufe it may be attri- 
buted, I leave to future enquiries ; I have con- 
fined myfelf to fpeak of fadls only as they ap- 
pear. 

Stone 1*8 fooorous, but gives a har/h difagreeable 
tone, un&vourable to mufic. 

Brick, in refpeft to Sound, has nearly the fame 
properties as ftone. Part of the garden wall of the 
late W. Pitt, Ef<^. of Kingfton in Dorfetftiire, conveys 
a whifper to the diftancc of near 200 feet. 

Wood is fonorous, conducive, and vibrative; of all 
materials it produces a tone the moft agreeable and 
melodious; and it it therefore the fitteft for mufical 
inftnimcnts^ and for lining of rooms and theatres. 

The corritnon notion that whifpering at oae end of 
a long piece of timber would be heard at the other 
end, I found by experiment to be erroneous. A ftick 
of timber 65 feet long being (lightly ftruck at one end, 
a found was heard at the other, and the tremor very 
perceptible ; which is cafily accounted for, when wc 
confider tbe number or length of the fibres that com- 
po(b it, each of which may be compared to a firing of 
catgut. ^ 

Por the ReJlcQion^ Refradion^ Cs’r, ^ Sound; fee 
Echo, and Phonics. 

Articulate Sound. See Articulate. 

Sound, iu Mufic, denotes a quality in the feveral 
iigitations of. the air, fo as to makef mufic or har- 
mony. 

Sound is the ohje^ of, mufic ; which is nothing but 
the art of applying Sounds, under Aich circunaftances 
of tone and time, as to raife agreeable fenfations. 
Tlie principal i^ffe<S^ion of Sound, by w-hich it becomes 
fitted to have this end, is that by wliicli it is diftin- 
guifhed into acute and grave.. This difference de- 
pends on the nature of the fonorous body ; th^ parti- 
cular figure and quantity of it; and even in fomc 
cafes, on the part of the body where it is ftruck ; 
and it is this that conftitutes what arc called dtfirent 
tones. 

The caufe, of this difference appears to be no other 
than the diftereat vj^lochi^9 of the vibrations of the 
founding body. Iifdeed the tone of a Sound Is found, 
by numerous e*xperiments, to depend on the nature 
of thofe vibratjoq^ wliofc differences wc can Conceive 
no otberwile than ,a8 ha>yi^ different velocities ; and 
fince it Is proyed that ttc fmajl , vibrations of the fame 
chord a,w ^peffprmed, iff equd times,, and that the tone 
qf a Sound, firhich qpntiiiuft for (bmc time after the 
ilfoke, is tjh^ ^e fipm, to Jaft, it fo(lows, that 
the tone is heceuaruy conneded with a certain quan- 
'hy of t^ejp makmg each vibration, or each wave; 
Dr th^ a ^ertmn nuifuber of vibrations ot waves, -made 
m a given* time, cbhftltutt a certain and determinate 

pi'*"®”.'''* 

If Ae Ti1)tatloo$feifecliro#ou«» or perfortutdin the 
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fame time, the Sound i« called taiifieil, and is fifd’to 
continue at the fame pitch ; and it ii i^lfo accounted 
acutcr, fharper, or higher than any'^ther Sdand, 
whofc vibrations arc flower, and therefore graver, ' Mat- 
ter, or lower, than any other whofc Vibraliqh^ are 
quicker. See Unison, 

From the fame principle arife what are called tMeordft 
&c ; which rcfiilt fi\)m tfie frequent unions and Cbitici'- 
dences of the vibrations of two fonorous bodies, and 
confcquently of the pulfcs or the waves of the lir occa- 
fioned by them. 

On the contrary, the refult of Icfs fi-equent coin* 
cidences of thofe vibrations, is what is called </^- 
corA 

Another confidcrablc diflimftion of mufical Sounds, 
is that by which they are called Un^ and Jhort^ 
owing to the continuation of the impulic of the effi- 
cient caufe on the fonorous body for a longer or fliorter 
time, as in the notes of a violin &c, which are made 
longer or (horterby ftrokes of different length or quick- 
nefs. This continuity is properly a fUcceffion of fevc- 
ral Sounds, or the cffc6t of leveral dillindl ftrokes, of 
repeated impulfes, on the fonorous body, fo quick, 
that we judge it onC continued Sound, efpccially 
where it is continued in the fame degree of ftrcngth'j 
and hence arifes the doArlne of meafnre and tmt* 

Mufical Sounds arc alfo divided into JimpU and row- 
pound; and that in two different ways. In the firll, d 
Sound 19 faid fo be compound, when a riumlwr of fife- 
ceflive vibrations of the fonorous body, and the sir, 
come fo fail upon the ear, that we jud^e them the 
fame continued Sound ; like as in the phenomenon of 
the circle of fire, caufed by putting the fired end of i 
ftick in 3 quick circular motion ; where fuppofing the 
end of the ftick in any point of the circle, the idea wc 
receive of it there continues till the imprcffion is renew- 
ed by a fiidden return. 

A Simple Sound then, with regard to this compo- 
fition, flioiild lie the cffe£t of a finglc vibration, or of 
as many vibrations as are ntceffaiy to raife in us the ideii 
of Sound. 

In the fccond fenfe of compofition, a fimplc 
Sound is the produft of one voice, or one inftiii- 
meut, &c, 

A Compot^ndSouKD confifls of the Sotmdy of fevc- 
ral diftind voices or inflruments all united m tlie fame 
individual time, and meafure of dural ion, that if, al] 
flrlking the car together, whatever, their other dif- 
ferences may be. But irt this fenfe again, there 1* 
a twofold compofition ; a natural and an artificial 
one. 

The natural compofitipn is that proceeding from 
the manifold reflexions of the firft SoDnd frotfi adja- 
cent bodies, where the rcflcXioits are not fo fnddeh as 
to occafion echoes, but are all in the fame tunc with 
tficfiVftDot'e, ^ 

The artificial compofition, which alone comes titidef 
the niufician^ province, is that mixture of Tci/eral 
Sounds, which being made by art, the . m^edient 
Sotmdsat^ fepat^ble, and diftinpifrfhable ftpopif onj ano- 
ther. In this fenfe thf diftinft Sounds of Kvcrtil 
voices or inllrumcnts, or feveral note* of the ftiihc hi- 
ftrurticrtt, called fimple Somids, ih etmtfaillftinftion 
to* the compound ones, ihVhichi^ the enlf 

3 P of 



sou [47' 

of mufic, the fimples tnuik have fuch an agreement in 
ali relations* chiefly as to acutencfa and gravity, 
as that the car may receive the mixture with plea- 

furc* . . , , 

Another aiflinaion of Sounds, with regard to ma- 
fic, is tbnt by which they are faid to hc fmctfjth or tvetif 
and rrm^h or har/h^ alio char and h'Atrff : the cniife ot 
wliich dinirtnce'dependa on the difpolition and date of 
the fonoioiis hodv, or the circumllancefi of the place ; 
but the ideas of the differences mull be fought from 
ohfeivation. 

Smooth and J^ou^h Sounds depend chiefly on the 
fou'idiiig body; of which vve have a notable inllanceiu 
firings that are uneven, and not of the lame diinenfion 
andcondltutlon throughout. 

As to clear and hoarfi Sounds, they depend on ctr- 
cumllances that are accidental to the fonorous body. 
Thus, a voice or inflrument will be hollow and 
hoarfe if founded within an empty hogflicad, that 
yet is clear and bright out of it : the eifeft Is owing 
to the mixture of different Sounds, raifed by rcflec* 
tions, which corrupt and change the fpccica of the pri- 
mitive Sound. 

For Sounds to be fit to obtain the end of mulic, 
they ought to he fmootli and clear, efpecially the full ; 
fince, without this, they cannot have one certain and 
(iifccmible tone, capable of being compared to others, 
in a certain relation of acutenefs, which the ear may 
judge of. So that, with Malcolm, we call that an 
harmonic or mufical Sound which, being clear and 
even, is agreeable to the ear, and gives a certain and 
difcernible tune (hence called tunable Sound), which 
is the fubjeft of the whole theory of harmony. 

Wood has a particular vibrating quality, owing to 
its clalUcity j and all mufical inllruments made of this 
matter, are of a thicknels proportioned to the fuper- 
ficies of the wood, and the tone they are to pro- 

Metals arc fonorous and vibrative, producing a harfh 
tone, very ferviceable to fome parts of mulic. Moft 
wind inllriiments are made of metal, which is aacd 
upon in its elaftic and tremulous quality, being capable 
or being reduced very thin for that purpofe* Inuru* 
ments of this kind are fuch as horns, trumpets, ^c. 
Some inllriiments however depend more on the jorm 
than the material ; as flutes, for inllance, which, u 
their jengths and bore be the fame, have very little dif- 
ference in their Sounds, whatever the matter of them 
may be. See Harmonical. 

SOUND-Board, the principal part of an organ, 
and that which makes the whole machine play. This 
Sound-board, or fummer, is a refer voir into which the 
wind, drawn in by the bellows, is conduced by a port- 
vent, and thence dillributcd into the pipes placed owr 
the holes of its upper part. This wind enters them by 


valves, which open by preffing upon the flops or keys, 
after drawing the regifters, which prevent the air from 
going into any of the other pipes befide thofe it is re- 
quired in. . , , 
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being too great, to be impreffe^ Sufficient* force. 
But Sound-boards immediately 6ver a pulpit have often 
a good effca; when the cafe iVmadeof ijuft thicknefs, 
and according to certain principles. 

SouND-/^cy?, is a pod placed witliinfidc of a violin, 
&:c, as H pi op between the back and the belly 6f the iii- 
llrument, .ind nearly under the bridge. 

SOUNDING, in Navigation, the ai^ of trying the 
depth of the water, and the quality of the bottom, by 
a line and plummet, or other artifice. 

At fen, there are two plummets ufed for this purpofe, 
b.ith lhaped like the frullnm of a cone or pyramid. 
Oneofthefc is culled the hand-lead,* weighing about 
B or qlb ; and the other the deep-feadead, weighing 
from 25 to 30lb. The Ibrnur is ufed in (hallow waters, 
and the latter at a great dlllance from the Ihoic. 'I’he 
line of the hand-lead, is about 25 fathoms in length, 
and marked at every a or 3 fathoms, in this manner, 
viz, at 2 and 3 fathoms from the lead there are marks 
of black leather ; at 5 fathoms a white rag, at 7 a led 
rag, at 10 and at 13 black leather, at 15 a white rag, 
and at 1 7 a red one. 

Sounding with the hand-lead, which the fcamen cnll 
heaving the lead, is generally performed by a man who 
Hands in the main-chains to windward. Having the 
line all ready to riin out, without interruption, he holds 
it nearly at the dillance of a fathom from the plummet, 
and having fwung the latter backwards and forwards 
three or four times, in order to acquiiethc greater ve- 
locity, he fwings it round his iiead, and thence as far 
forw’ard as is nccelfary j fo that, by the lead^s finking 
whiUl the (hip advances, the line may bealmoll perpen- 
dicular when it reaches the bottom. The perfon found- 
ing then proclaims the depth of the water in a kind of 
fongrcfembling the cries of hawkers in a city ; thus, if 
the mark of <; be clofc to the furfacc of the water, he 
calls, ‘ by the mark 5,’ and as there Is no mark at 4, 
6, 8, &c, he edimates thofe numbers, and calls, * by 
the dip four, If he judges it to be a quarter ora lia't 
more than any particular number, he calls, ‘ and a quarter 
5,* ‘ and a half 4’ &c. If he conceives the depth to be 
three quarters more than "a particular number, he calls 
it a quarter lefs than the next : thus, at 4 fathom 4, he 
calls, ‘ a quarter lefs 5,' and fo on. 

The dccp-fea-lcad line is marked with 2 knots at iO 
fathom, 3 at 30, 4 at 40, &c to the end. It is alfo 
marked with a Angle knot at the middle of each interval, 
as at 25, 35, 45 fathoms, &c. To ufc this lead more 
efFeaually at fea, or in deep water on the fca-coall, it 
is ufual previoufly to bring-to the fhip, in order to «- 
tard her courfe : the lead is then thrown as far as pofliblc 
from the (hip on the line of her drift, fo that, as it fin s, 
the (hip drives more perpendicularly over it. The pilot 
feeling the lead ftrike the bottom, readily difeovers the 
depth of the water by the mark on the line neare it i 
furface. The bottom of the lead, which is a it e 
hollowed there for the purpofe, being alfo wel rubbca 
over with tallow, retains the dlftinguilhing marks ott 

^ «... .urKIrK naturally 


j tailow, rcwins uicuuuiijjuiii.i..g — - 

quircdin. ..... j i a ' bottom, as (hells, oozi, gravel, &c, which naturauy 

SouND-^oWdenotef alfo a thm broad board placed 

over the head of a public fpeaker, to enlarge and ex- Tt.,,^j 'hofthe water, and the nature of the ground, 

‘'"Sound-ffirin' the^rii, ate found by exigence winch are edW of 

to be of no fcrvice •, their diftance from the fpeaker w the log-book, as well to determine tne 
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the place from the fhore, as to, oorreft the obfervationa fpeak, is a mere chimera. See the writinw of the laW 
of former pilots. FalcoBtr. bi(hop Berklty. 

For a machine to meaf'ire unfathomable depths of the Space and time, accordlnjr to Dr. Clarke, arc attii-f^ 

fca, fee Altitude. butes of the Deity ; and theimpofTibility of annihilating- 

Sounding the pump, at Tea, is done by letting fall thefe, even in idea, is the fame with that of the nccel- 

a Cmall line, with fome weight at the end, down into fary exigence of the Deity. 

the pump, to know what depth of water there is in it. Space, in Geonielry, denotes the area of any figure; 

SOUlH, one of the four cardinal points of the or that which fills the intcr\al or difiance between tl»c 

wind, or dompafs, being that which is diredly oppofitc lines that terminate or bound it. Thus, 

to the north. ^ The Parabolic Space is that included in the whole 

South See Prime VerilcaU» paiabola. Tlie conchoidal Space, or the cllfoidal 

SOUTHERN Hemlfphcre, h'i^us, iife, thofe in the Space, is wliat is included wifliin the cavity of the con- 

fouth fide of the equator. ^ ^ chold or cifioid. And the afymptotic Space, Is what 

SOUTHING, in Navigation, the difference of is included between an hyperbolic curve and its afymp- 
latitude made by a fhip in failing to the foutliward. tote. By the new methods now introduced, of apply- 

SPACE, denotes room, place, dillancc, capacity, ing algebra to geometry, it is dcinonfirated that the 

extenfion, duration, &c. conchoidal and clffoidal Spaces, though infinitely ex- 

When Space is conlidered barely in length between tended in lengtli, are yet only finite magnitudes or 
any two bodies, it gives the fame idea as that of difiance. Spaces, 

When^it is confidered In length, breadth, and thick- Space, in Mechanics, is the line a moveable body, 
nefs, It is propel ly called capacity. And when con- confidered as a point, is conceived to deferibe by its 
fidcTcd between the extremities of matter, which fills motion. 

the capacity of Space with fomething folid, tangible, SPANDREL, with Builders, 
and moveable, it is then called extenfion. is the fpace included between the 

So that extenfion is an idea belonging to body only; curve of an arch and the (Iraight 
hut Space may be confidered without it. Therefore or right lines which inclofe it ; 

Space, in the general lignification, is the fame thing as the fpace a, or 
witli difiance confidered every w'ay, whether there be SPEAKING Trumpet* See Trumpet.’ 

any matter in it or not. SPECIES, in Algebra, are the letters, fyinboB, 

Space is ufually divided into and re/d/iV. marks, or charafters, wliich reprefent the quantities 

ylhfoliite Space is that which is confidered initsowni in any operation or equation, 
natuie, without regard to any thing exteinal, which This (hort and advantageous way of notation was 
always remains the fame, and is Infinite and immovc- chiefly Introduced by Vieta, about the year 1590; 
able. and by means of which he made many difcoverica in 

Rilative Space is that moveable dim^ifion, or mca- algebra, not before taken notice of. 
fure of the former, which our fenfes define by its pofi- The reafon why Vieta gave this name of Species to 
tions to bodies within it; and this the vulgar ufe foi* the letters of the alphabet ufed in algebra, and hence 
immoveable Space, called Arithmetica Speciofa, feems to have been in 

Relative Space, in magnitude and figure, is always imitation of the Civilians, who call cafes in law that 
the fame with abfolute ; but it is not neceffary it fliould are put abflradledly, betw'ccii John a Nokes and Torn 
be fo numerically. Thus, when a fln'p is pcrfe( 5 lly at a Stiles, betw-ecn A and B ; fiippoling thofe Ktiers to 
reft, then the places of all things wdthin her are the Hand for any perfons indefinitely. Such cafes they call 
Line both abfolutely and relatively, and nothing changes Species; whence, as the letters of the alphabet will 
its place ; but, on the contrary, when the fliip is under alfo as well reprefent quanlitits, as perfons, and that 
Lil, or in motion, fhe continually paffes through new alfo indefinitely, one quantity as well ns another, they 
parts of abfolute Space } though all things on hoard, arc properly enough called Species ; thut is general 

confidered relatively, in rcfptft to the fhip, may yet fyinhols, rnaiks, or charaOers. From wluiue tlie 

he in the fame places, or have the fame fituation and literal algebi'a hath fince been often called Specious 
pofition, in regard to one another. Arithmetic, or Algebra in Species. 

The Cartefians, who make extenfion the effcncc of Species, in Optics, the image painted on the I’ctina 
^natter, affert, that the Space any body takes up, is by the rays of light i cflcacd from the fevcial point.! of 
tbe fame thing with the body itfclf ; and that there is the furface of an oWca, received in by the pupib and 
tm fuch thing in the univerfe as mere Space, void of cDlIefttd in their paffngc through the cryftalline, ac. > 
3)1 matter; thus making Space or extenfion afubftance. Philofophers have been in great doubt, whether the 
this difprqvcd under Vacuum. Species of objeds, which give the foul an uccafion of 

Aniong thofe too who admit a vacuum, and con- feeing, are an effufion of the fublhnce of the body ; 
fcque^itly an effential difference between Space and or a mere impreflion which they make on all ambient 
matter, t,hcrc are fome who affert that Space is a fnb- bodies, and which thefe all reflet, when in a proper 
Ambng thefe we find Gravefaude, Introd. ad djfpofitiomand diftance ; or laftly, wimher they are not 
I^hilof. fe£t. iQ, ' fome other more fubtilc body, as light, which receives 

Others again put Space, into the fame clafs of beings all thefe impreffions from bodies, artd is continually 
auime and number ; thus making it to be no more fent and returning frorn one to another, with the dif. 
a- notion of the inind. So that according to thefe ferent imprefflons and figures it has takeri. But the 
abtolute Space, of widch the Newtonians moderns, hare decided this point by their invention of 
^ ^ ^ 1* 2 artihcial 
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flftiJdal cyiE, inwHch tht Spwi'ei- of objefia arc rc* 
ceivcd on a paptfr, in the fame manner aa they arc rc» 
ccived in the natural eye. 

SPECIFIC, in Philofophy, that which is proper 
and peculiar to any thing; or that cbaraderifes it, and 
diftinguillies it from every other thing. Thus, the at- 
tradiirg of iron is Specific to the loadftone, or is a Spe- 
cific property of it. 

A juil definition fhould contain the Specific notion 
of the thing defined, or that which fpccifies and dif* 
linguifhcs it from every thing elfe. 

Specific Gravity ^ in Hydrofiatlcs, is the relative 
proportion of the weight of bodies of the fame bulk. 
See Specific Gravity. 

Specific Gravity of living men. Mr. John llobert- 
fon, late librarian to the Royal Society, in order to 
determine the Specific gravity of men, prepared a cifiern 
78 inches long, 30 inches wide, 30 inches deep ; and 
having procured 10 men for his purpofe, the height of 
each w;as taken and his w'eight ; and aftei wards they 
plunged fticcefTively Into the cillern. A ruler or fcalc, 
graduated to inches and decimal parts, w^as fixed to 
one end of the cifiern, and the height of the water 
fhown by It was noted before each man went in, and 
to what height It rofe when he Iinmerfed hirafelf under 
it* furface. The following tabic contains the feveral 
refults of his experiments ; 


•No. 

Height. 

Weight. 

Waur 

Solidity. 

Wt. of 

Specific 

of 




raifed. 


water. 

gravity. 

men. 

Ft 

In. 

lbs. 

Inches. 

Feet. 

lbs. 

(Wat, i) 

I 

T 

2 

161 

1-90 

2773 

i6o-8 

1*001 

2 

5 

loj 

*47 

1-91 

2-586 

i6i-6 

0-901 

3 

5 

9 r 

156 

1 85 

2-505 

156-6 

0-991 

4 

5 


140 

2*04 

2763 

172*6 

0*801 

5 

5 

sl 

158 

2’o8 

2-817 

176-0 

0-900 

6 

5 

si 

158 

2*17 

*•939 

1 *83-7 

0*849 

7 

5 

4 i 

140 

2’0I 

2-722 

! * 7 ^** 

0823 

8 

5 

4 ff 

121 

179 

2-424 

! iS*’S 

0-800 

9 

5 

3i 

146 

*’73 

2'343 

i * 4^*4 

; 0-997 

10 

5 

3i 

*32 

.•85 

2-50i 

: 156-6 

0-843 

T-— ' 
meilium 
ot all. 

5 


146 

*•933 

j 2-618 

163*6 

0*891 


One of the reafons, Mr. Robertfon fays, that induced 
him to make thefe experiments, was a defirc of knowing 
what .quantity of timber would be iufficlent to keep a 
man anoat in water, thinking that nwft men were fpe- 
cifically heavier than river or common freih water ; but 
the contrary appears from the trials above redted ; 
except the firft, every man was lighter than an equal 
bulk of frefii water, and much more fo than that of iea- 
watcr. So that, if perfons who fall into water had 
prcfencc of mind enough to avoid the fright ufual on 
fuch occafions, many might be preCerved from drown- 
ing ; and a piece of wood not larger than an oar, would 
buoy a man partly above wa^r ai long as he had lirengtb 
or fpiritstp keep his hold, Fhilof. TraoR vqh 
art 5. 

From the lad line of the tables appears the medium of 
a^tbe circumdances of height^ weight, j pafti€;u>^ 


larif the meaii Specific Gravity, 0*891, which ii about 
^lefs than common watR » ^ 

SPECTACLES, an optical machine, confiding of 
two lenfcs fet in a frame, and applied on the nofe, to 
aflid in defedts of the organ of fight. 

Old people, and all prelbytae, life Spedacles of con. 
vex lenfcs, to make amends for the flatnefs of the^tj-e, 
which does not make the rays converge enough to have 
them meet in the retina. 

Short-fighted people, or myopes, ufe concave lenfcs, 
to prevent the rays from converging fo fad, on account 
of the greater roundnefs of the eye, or finallncfs of tlie 
fphcrc, which is fuch as to make them meet before 
they reach the retina. 

F. Chcrubin, a capuchin, defciibes a kind of Spec* 
tacle tclefcopes, for viewing remote objeds with both 
eyes; and hence called binoctili. Though F. 
had mentioned the fame before him, in his OcliIus 
E noch et Elis. Sec Binocle. The fame aurhor 
invented a kindofSpedacles, W'ith three or four glalles, 
which performed very well. 

The invention of Spedaclcs has been much difpnleJ, 
They were certainly not known to the ancients. Frtn- 
eifeo Rcdi, in a learned treatifeon Spedaclcs, coiUci.ds 
that they were fird invented between the years i?8o 
and 1 31 1, probably about 1290 j and adds, that Alex- 
ander dc Spina, a monk of the order of Predicants of 
St. Catharine, at Pifa, fird communicated the fecict, 
which was of his own invention, upon learning that 
anotlicr perfon had it us well as himfelf. 

The author tells us, that in an old manufcilpt dill 
preferved in his library, compofed in 1299, Spcdlados 
are mentioned as a thing invented about that time; 
and that a celebrated Jacobin, one Jourdon de Rivalto, 
in a treatife compofed in J305, faya expiedly, that it 
was not yet 20 years fince the invention of Spcdacics. 
Helikewife quotes Bernard Gordon in his Lilium Me- 
dicinse, written the fame year, where he fpeaks of a 
collyrium, good to enable an old man to read without 
Speftacles. 

Muffchenbrock obferves, (Introd. vol. 2, pa. 786) 
that it is inferibed on the tomb of Sulvinus Armatus, a 
nobleman of Florence, wliodied-in 1317, that he was 
the inventor of Spe^^aeles. 

Du-Cange, how'ever, carries the invention of Spec- 
tacles farther hack ; affuring us, that there Is a Greek 
poem in manufeript in the French king’s library, which 
(hews that SpcAacles were in ufc in the year ii)0» 
however the diflionary of the Academy Della Crufea, 
under the word occhiale, inclines to Redi’s fide; and 
quotes a paffage from Jourdon’s feimons, which fays 
that Spectacles nad not been 20 years in ufe ; and Sal- 
vati has obferved that thofe fermona were compofed 
between the years 1330 and 1336. 

It is probable that the firlt hint of the conftruClIon 
and ufc of S]>e£tacles, was derived from the writings 
either of Alhazen, who lived in the 12th century, or 
of our own countryman Roger Bacon, who was born 
iaili4, and died in 1.293, or 1294* The following 
remarkable paflage occurs in Bacon's Opus Majus by 
jebb, p. 352. Si vero homo alpiciat literas et alias 
minutas per medium cryftalli, vel vitri, vel altcrius 
perfpieui fu^ofiti Uteris, et fit poftio minor fphc^» 
cujufi coaveiitnt fit vcrliw oculum.ct oculus fit 
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Joi^meltu^ vklfbitUlfraa^ el appapcbmnt <t\ mtjorca.— 
Etldco hoc inrtrumeiitttm eit utiii fcnibus ct habcntibiw 
oculo* ddbilcs j nam liieram cjuanturacunqae parvam 
poflunt viderc in fuffici<rnri ma^nkiidinc. Herio!, and 
from other paflages in his writings, much to the fame 
purpofe, Molyntux, Plott, and orhers, have attiibiited 
‘to him the invention of readlng-glafri.3. Dr, Smith 
indeed, obferving that there are fomc miftakes in his 
rcafoning on this fubjc6t, has difpukd his claim. See 
IVlolvneux’s Dioptr. p. 256. Smithes Optics, Rem 
86-~S9, 

SPKCULATIVE Geometry^ Mathematics^ Muftc^ 
and Philo foph)\ Seethe Substantives. 

SPECULUM,, or Mirror^ in Optics, any poliflied 
body, Impei vions to the rays of light : fuch as poliflied 
metals, and glafles lined with qiiickfilver, or any other 
opake matter, popularly called Looking-glaffes ; or 
even the furfacc of mercury or of water, &c. 

For the feveral kinds and forms of Specula, plane, 
concave, and convex, with their theory and phenomena, 
lee Mirror. And lor their laws and clFe^H, fee 
Keflection and BuRNiNG-f?/ty>. 

As for the Specula of refle6lin^ telcfcopes, it may 
here be obferved, that the peifcdion of the metal of 
which they fhould be made, coiififls in its hardnefs, 
whiteiiefs, and compadinefa ; for upon thefe properties 
llie refledive powers and durability of the Specula de- 
pend. There are various compofitions recommended 
lor thefe Specula, in Smith’s Optics, book 3, ch. 2, 
fed. 787 ; alfo by Mr. Mudge in the Philof. Tranf. 
vol. 67 ; and in various other places, as by Mi. Ed- 
wards, in the Naut. Aim. for 1787, whofe metal is the 
vvhitell and bed of any that I have fetn,« — For the me- 
thod of grinding, fee Grinding. 

Mr. Henriie’s method of cleaning a ^arniflicd Specu- 
lum was this : Get a little of the llrongeft foap ley 
from the foap-makers, and having laid the Speculum 
on a table with its face upwards, put on as much of 
the ley as it will hold, and let it remain about an hour : 
then rub it foftly with a lilk or muflin, till the ley is all 
gone ; then put on feme fpirit of wine, and rub it dry 
wiih another part of the filk or mullin. If the Specu- 
lum will not perform well after this, it mull be new 
poliflied. A lew faint fpots of tarnilh may be rubbed 
off with fpirit of wine only, without the ley. Smith’s 
Optics, Rem. p. 107. 

SPHERE, in Geometry, a folid body contained 
under one fingle uniform furface, every point of which 
is equally di^nt from a certain point in the middle 
called its centre. 

The Sphere may be fuppofed 
to be generated by the revolu- 
tion of a fcmicirclc ABD about 
itsdi m.ter AB, which is alfo 
called the axis of the Sphere, 
and the extreme points of the 
^* 8 , A and B, poles of the 
^herc ; alfo the middle of the 



a«*«Ciith«r^«/re, aad half the axis, AC, iU radius, 

i^perties rf tie Sphere, are as follow. 

I. A Sphere may be confidered as made up of an 
■ofinite ottmber of pyraiuids^ whoUc coinnaon altitude 
6 


18 equal to the radius of the Sphere, and all their bafet 
fom the furface of the Sphere. And thcitforc the 
folid content of the Sphere is equal to that of a pyra- 
mid whofe altitude is the radius, and its bafe is equal 
to the furfacc of the Sphere, that is, the folid con- 
tent is equal to } of the produfl of its radius and 
furface. 

2. A Sphere is equal to | of its clrcumfcribing cy- 
linder, or of the cylinder rf the fame height and diame- 
ter, and therefore equal to the cube ol the diameter 
multiplied by *5236, or | of *7854 ; or equal to dou- 
ble a cone of the lame bale and height. Hence alfo dif- 
ferent Spheres arc to one another as the cubes of ihclr 
diameters. And their fiirfaccs as the fquares of the 
fame diameters. 

3. The fill face or fupeificics of any Sphere, Is equal 
to 4 times the area of its great circle, or of a circle of 
the fame diameter as the Sphere. Or 

4. The furface of the whole Sphere is equal to the 
area of a circle whofe radius is equal to the diameter of 
the Sphere. And, in like manner, the curve furfacc 
of any fegment EDF, whether greater or lefs than a 
hcnnfpherc, is equal to a circle whofe radius is the 
chord line DE, drawn fiom the vertex D of the feg- 
ment to the circumference of its bale, or the chord of 
half itr, arc. 

The curve furfacc of any fegment or zone of a 
Sphere, is alfo equal to the curve furface of a cylinder of 
the fame height with that portion, and of the fame 
diameter with the Sphere. Alfo the fuiface of the 
whole Sphere, or of an hemifphere, is equal to the 
cnive furface of its ciicumfcribing cylinder. And the 
curve furfaccs of their correfponding parts are equal, 
that are contained between any two places parallel to 
■ the bafe. And confeqiicntly the furfacc of any feg* 
ment or zone of a Sphere, is as its height or alti- 
tude. 

Moll of thefe properties are contained in Archimedes’* 
treatife on the Sphere and cylinder. And many other 
rules for the furlaces and lolidities of Spheres, their 
fegments, zones, frnllums, &c, may be feeir in my 
Menfuration, part 3, fc6t. 1, prob. 10, See, 

Henoc, if d denote the diameter or axis of a Sphere, 
s its curve fmface, c its folid content, and a = *7854 
the area of a circle whofe diam. is i ; then we lhall, 
from the foregoing pro|x:rtie8, have thefe following 
general values or equations, viz, 


6e 
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Dodrine of the See Spherics. 

Projedioa of the See Projection. 

Sphere of Atiiviiy^ of any body, is that determinate 
ipace or extent all around it, to which, and no farther, 
tne effluvia or the virtue of that body reaches, and in 
'which it operates according to the nature of the body. 
Sec Activity. 

Sphere, in ARronomy, that Concave orb or ex* 
panfc which iovclts our globc; and in which the hea- 

tcalp 
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vcnly bodies, the fun, moon, (lars, planet?, and comet?, 
appear to be fixed at an equal diftance from the eye, 
Thisisalfo called the Sphere of tlic world ; and it is the 
fubjeft of fpherical allronomy. 

This vSphere, as it inchidea the fixed ftars, from 
whence it is fometimes called the Sphere of the fixed 
Jliirst is iminenfely great. So miicli fo, that the diame- 
ter of the eaith’s oibit is vallly frnall in refpedl of it ; 
and confequently the centre of the Sphere is not fenfibly 
changed by any alteration of the fpcAator’s place in the 
feveral parts of the oibit^ but (lill in all points of the 
earth’.s furface, and at all times, the inhabitants have 
the fame appearance of the Sphere ; that is, the fixed 
ftars feem to poflbrs the fame points in the furface of 
the Sphere. For, our way of judging of the places 
&c of the ftars, is to conceive right lines drawn from 
the eye, or fioru the centre of the earth, through the 
•centres of the liars, and thence continued till they cut 
the Sphere ; and the pt ints where thefe lines fo meet 
the Sphere, arc the appaicnt places of thofe ftars. 

The better to determine the places -of the heavenly 
bodies in the Sphere, I'evcral circles are conceived to 
be drawn in the furface of it, which arc called clicks 
of the Sphere. 

Sphere, in Geography, 5cc, denotes a certain dif- 
pofition of the circles on the furface of the earth, with 
regard to one another, which varies in the difFtrcnt 
parts of It. 

The circles originally conceived on the furface of the 
Sphere of the woild, are al moll all transferred, by ana- 
logy, to the furface of the earth, where they .are con-, 
ccived to be drawn diredly underneath thofe of the 
Spheie, or In the fame poiitions with them; fo that, 
if the planes of thofe of the earth were continued to 
the Sphere of the llaie, thev would coincide with the 
refpedive clrclts on it. Thus, we have an horizon, 
meridian, equator, 5 cc, on the earth. And as the 
cqiilnodlial, or equator, in the heavens, divides the 
Sphere into two equal paits, the one norib aud the 
other fouth, fo does the equator on the furface of the 
earth divide its globe in the fame manner. And as the 
meridians in the heavens pafs through the poles of the 
cquinoClial, fo do thofe on the earth, &c. With regard 
then to the politiou offorae of thefe ciicles in refped of 
other?, we have a rig A/, an ohJique^ and a parallel 
Sphere. 

yl R'lfrht or Dlre 3 Sphere, (fig. 4, plate 26), is 
that which has the poles of the world PS in its horizon, 
and the equator hQ in the zenith and nadir. The 
inhabitants of this ^jSerc live cxadly at the equator 
of the earth, or under the line. 1 hey have therefore 
no latitude, nor no elevation of the pole. They can 
fee both poles of the world; all the ftars do rife, cul- 
minate, and fet to them ; and the fun always rifes at 
right-angles to their horizon, making their days and 
niglitis always of equal length, becaufc the horizon 
bife^ls the clnle of the diutnal revolution. 

An 0!Tique Sphere, ffig. plate 26), Is that in 
which the equator ITQ^ as alfo the axis PS, cuts the 
horizon HO oUIquely. In this Sphere, one pole P is 
above the horizon, and the other below it ; and there- 
fore the, inhabitants, of it fee always the former pole, 
but never tlie latter; the fun srod liars 5cc all rife and- 


fet obliquely ; and the days and nights arc always vaiy. 
ing, and growing alternately longer and ftiortci*. 

A Parallel Sphere, (fig* 6, plate 26), is that which 
has the equator in or parallel to the horizon, as well 
as all the fun's parallels of declination. Hence, the poh^i 
are in the zenith and nadir; the fun and ftars move 
always quite around parallel to the horizon, the in* 
habitants, if any, being juft at the two poles, having 
6 months continual day, and 6 months night, in cacli 
year; and the greateft height to which the fun rilu 
to them, is 23^ 28', or equal to his greateft declira- 
tion. 

Armill/iry or Artificial Sphere, is an aftronomical 
inftrument, reprefenting the feveral circles of the Sphere- 
in their natural order ; ferving to give an idea of the 
office and pofition of each of them, and to rcfolvc va- 
rious problems relating to them. 

It is thus called, as confiding of a number of rings 
of brafs, or other matter, called by the Latins f/nw/’/Ar, 
from their refcmbling of bracelets or rings for the 
arm. 

Dy this, it is diftingiiiftied from the globe, which, 
though it has all the circles of the Spliere on its fui face ; 
yet is not cut into armill* or rings, to reprclent the 
circles fimply and alone ; but exhibits alfo the inter- 
mediate fpacts between the circles. 

Arniillary Spheres are of different kinds, with re- 
gard to the pofition of the earth in them ; whence they 
become diilinguifhed into Ptolomaic and Copernicaii 
Spheres; in the firft of which, the earth is in the 
centre, and in the latter near the circumference, ac- 
cording to tlie pofition which that planet obtains in 
thofe fyftems. 

The Fiolomnic Sphere, is that commonly in life, 
and is reprefented in fig. 6, plate 2, vol. i, with the 
names of the feveral circles, lines, &c of the SpIicrc 
inferibed upon it. In the middle, upon the axis of the 
Sphere, is a ball T, reprefenting the earth, on ihefui- 
face of which are the circles &c of the earth. The 
Sphere is made to revolve about the fald axis, which 
remains at reft ; by which means the fun's diurnal and 
annual edurfes about the earth are reprefented according 
to the Ptolomaic bypothefis; and even by means ot 
this, all problems relating to the phenomena ol the 
fun and earth are rcfolved^ as upon the celeftial globe, 
and after the fame manner ; which fee defcribcd under 
Globe. 

CopernTdn Sphere, fig. 7, plate zfi, is very different 
from the Ptolomaic, botli in its conftitutlon and ufe ; 
and is more intricate in both. Indced-the inllrumeni 
is in the hands of fo few people, and its ufe fo incon* 
fiderabk, except what we have in the other more com- 
mon inftiuments, particularly the globe and the Ptolo- 
maic Sphere, that any farther account of it is un- 
ncceflary. 

Dr. Long had an Armillary Sphere of glafs, of a 
very large fize, which is defcribcd and reprefented m 
his Aftronomy. And Mr. Fergufon conftrufted a 
firaftar one of bi-afs, which is exhibited in his Lectures, 
p. 194 &c. 

SPHEjRICAL, fomething relating to the fpb^re. 

As, ^ 

Spherical An^e, is the angle formed on the lur* 
face of a Sphere or globe by Uic circumference^^ 0 * 
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t\v0 great circles* This angle, 
foimed by the circumfci cnees, 
is equal to that formed by the 
planes of the fame circles, or 
equal to the inclination of thofe 
two planes ; or equal to the 
angle made by their tangents 
at tfie angular point. Thus, 
t]ic ijK'lination of the two 
planes CAT, CEF, forms the Spherical Angle ACE, 
equal to the tangential angle ECcY * 

'rheireafure of a Spherical Aj^c, ACE, is an arc 
of a gicat circle AE, deferibed horn the vcitex C, as 
from a pole, and intercepted between the legs CA and 
CE. 



Hence, iH, Since the inclination of the plane CEF 
to the plane CAF, is every where the fame, the angles 

in the oppofite iiiterCe^ions, C and F, arc equal.. 2d, 

Hence the meafure of a Spherical Angle ACK, is an 
aic Citlcrilud at the 'tnterval of a quadrant CA or 

CE, fiom the veitex C between the legs CA, CE 

3(1, If a circle of the Iphere CEFG cut another AEBG, 
the adjacent angles A EC and BEC are together equal 
to tvyo right angles ; and the vertical angles AEC, 
BEE are equal to one another. Alfo all the angles 
lormcd at the fame point, on the fame fide of a ciicle, 
are equal to two right angles, and all thofe quite around 
any point equal to four right angles. 

Spherical Triangle, is a triangle formed upon the 
furface of a fphere, by the interfedling arcs of three great 
circles; as the triangle ACE, 

Spherical Triangles are cither right- angled, oblique, 
(mUiteral, ifofceles, or Jcalene, in the fame manner as 
plane triangles. They arc alfo faid to be quadrantal^ 
when they have one fide a quadrant. Two fidcs or two 
angles are faid to be of the/im^ aJftTion ^ they are 
ut the fame time either both greater, or both lefs than a 
quadrant or a right angle or 90*; and of different afft&iptis, 
when one is greater and the other lefs than 90 degrees. 


Properties (^Spherical Triangles, 

'i- Spherical Triangles have many properties in com- 
mon with plane ones ; Such as, That, in a triangle, 
rqual fides fubtend equal angles, and equal angles are 
fubtended by equal fidcs : That the greater angles arc 
fubtended by the greater fides, and the lefs angles by 
the lefs fides. 

2. In every Spherical Triangle, each fide is lefs than 
a femicircle ; any two fides taken together are greater 
than the third fide ; and all the three fides taken toge- 
ther are lefs than the whole circumference of a circle. 

i* Jn every Spherical Triangle, any angle is lefs than 
2 J'lght angles; and the fura of all the three angles 
taken together, is greater than 2, but lefs than 6, right 
imgles. ** 

4 - In an oblique Spherical Triangle, if the angles 
« the bafe be of the lame affedion, the perpendicular 
rom the other angle falls within the triangle; but if 
\^y be of different affedions, the perpendicular falls 

'^‘thoutthetrianfflc.^ 

; ^ ’^Mafictlyoe^ remarks on the properties of Spbe- 
Fnangles, are as follow ; (See the Introd. to my 
pa, 160, ad edition. }> 


5. ** A Spherical Triangle is equilateral, ifofcejnr, or 
Icalene, according .-^s it lias its three angles all equal, 
or. two of them equal, or all three unctjual ; and vice 
vet la. 

6. The greatefl fule is :ilwa\ s oppofite tlie gi catcil 
angle, and the fmcilltll fide oppofite the fmallell angle. 

7. Any two (lues taken logcilur arc greater than 

the tbiid. • 

8. Jf the ihuv angles are all acute, or all rightf 
or al! 'obtufe ; the thrte ficUs will he, accoul.'u ;ly, all 
lefs th in po'^, or equal to 90”, or greater than 90° ; 
and vice veifa. 

9 If liom the three angles A, B, C, of a triangle 
ABC, as poles, theie be (lefctibeJ, upuu the furface 
^^/^he fphere, three arches of a great circle DE, DF, 
FE, forming by their interfe (Elions a new Spherical 
Friangle DEF ; each fide of the new triangle will be 
the fiipplement of the angle at its pole ; and each angle 
of the lame triangle, will he the (upplemeut of the fide 
oppofite to it in the iiiangle ABC, 



10. In any triangle GUI or GIA, right angled in 
G, ill, The angles at the hypotenufe are always of the 
fame kind as their oppofite fides ; 2dly, The liypotcnufe 
is lefs or greater than a quadrant, according as the 
fides including tlve right angle, arc of the fame or 
different kinds ; that is to fay, according as tlicfe fame 
fides are either both acute, or both obtufe, or as one is 
acute and the other obtufe. And, vice verfii, ill, The 
fides including the right angle, arc always of the fame 
kind as their oppofite angles; adly, I’lie fides including 
the right angle will be of the fame or diffcient kinds, 
according as the hypotenufe is lefi' or more than 90®;' 
but one at lead of them will be of 90*^, if the hypotenufe 
is foP 

Of the Area of a Spherical Triangk, The men* 
fuiation of Spherical Triangles and polygons was firlt 
found out by Albert (7iraid, about the year 1600, and 
is given at large in his Invention Nouvtlh rn lAlgcbre, 
pa. 50, &c ; 4to, Amd. 1629. In any Spherical Tri- 
angle, the area, or furface inclofed by its three fidcs 
upon the furface of the globe, will be found by this 
proportion ; 

As 8 right angles or 720°, 

Is to the whole furface of the fphere | 

Or, as 2 right angles or 

To one great circle of the fphere ; 

So is the oxcefsof the 3 angles above 2 right angles* 

To the area of the Spherical Triangle, 

Hence, if a denote *7854, 

d = diam. of the globe, and 
/ fum of the 3 angles of the triangle ; 

then 
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: am of the Spherical Tri- 


angle. 

Hence alfoi if r denote the radius of the fpherei 
and c its civcumfeTcnce 

then the area of the triangle will thus be varioufly ex- 
pi’cffed; viz, Area == 


^ i-i8o , X-180 .. 

X — 5— ^ cdy, — — = er X — J 
180 yao 300 


or barely = r X /-iSo®, in fquarc degrees, 
when the radius r is eftimated in degrees ; for then the 
circumference c is = 360®. 

Farther, becaufe the radius r, of any circle, when 


eAimated in degrees, is. 


180 


3*14159 &c 


= 57*1957795, 


the laft rule r x r — 180, for . exprcfling the area A 
of the Spherical Triangle, in fquare degrees, will be 
barely 


57*2957795 1-10313*24 = ‘ 

= 57i* 6V ~ 103134 very nearly. 

Hence may be found the fums of the three angles 
in any Spherical Triangle, having its area A known ; 
for the lall equation gives the fum 


1= 180 = 

r 


— + 180 =: + 180, 

57*29 &c. 9683 


So that, for a Triangle on the furfacc of the earth, 
whofe three fidcs are known } if it be but fmall, as of 
a few miles extent, its area may be found from the 
known lengths of its fides, confidcring it as a plane 
Triangle, which gives the value of the quantity A ; 
and then the laft rule above will give the value of i, 
the fum of the three angles ; which will ferve to prove 
whether thofe angles arc nearly exa£l;, that have been 
taken with a very nice inftrument, as in large and 
cxterifi^C mcafurements on the furfacc of the earth. 

^Spherical Triangles, Sec Triangle, 
and Trigonometry. 

Spherical is a figure of more than three 

fidcs, formed on the furfacc of a globe by the inter- 
fc^liog a*cs of great circles, 

The area of any Spherical Polygon will be found by 
the following proportion j viz, 

As 8 right- angles or 720®, 

To the whole furfacc of the fphere ; 

Or, as a right angles or 1 80®, 

Tq R great circle of the fphere ; 

So is the cxccfs of all the angles above the produft 
of i8o>iand 2 Icfs than the number of angles, 

To the area of the fpherical polygon. 

That is, putting « = the number of angles, 

/ = fum of all the angles, 
d = diam. of the fphci^e, 

= *78539 &c; 

.... « •- * — — 3J1S0 , ^ , 

Then A r=: tfo* X ’ q" - ■■■> ss the area of the 

^ loO 

Spherical Polygon. 


Hence other rales might be found, fimilar to thofe 
for the area of the Spherical Triangle. % 

Hence al(b, the fum 1 of all the angles of any Sphe- 
rical Polygon, is always lefs than l8o«, but greater 
than iSofrt — 2), that^ is lefs than n times 1 right 
angles,, but greater than n — 2 times 2 right angles. 

Spherical AJlronomy^ that part of aftronomy which 
confiders the univcrfc fuch as it appears to the eye. See 
Astronomy. 

Under Spherical Aftronomy,^ then, come all the 
phenomena and appearances of the heavens and heaven- 
ly bodies, fuch as we perceive them, without any en- 
quiry into the reafon, the theory, or truth of them. 
By which it is diftinguilhcd from thcorical aftronomy, 
which confiders the real ftruAure of the univerfe, and 
the caufes of thofe phenomena. 

In the Spherical Aftronomy, the world is conceived to 
be a concave Spherical furfacc, in whofe centre is the 
earth, or rather the eye, about which the vifible frame 
revolves, with ftars and planets fxed in the circumfe- 
rence of it. And on this fuppoution all the other phe- 
nomena arc determined. 

The theorical aftronomy teaches us, from the laws 
of optics, &c, to corrcA this Scheme and reduce the 
whole to a j after fyftem. 

Spherical Compajes, See Compasses. 

Spherical Geometry ^ the doArine of the fphere; 
particularly of the circles deferibed on its furfacc, with 
the method of projeding the fame on a plane ; and 
mcafuring their arches and angles when projeded. 

Spherical See Circular Numbers, 

Spherical Trigonometry, Sec Trigono- 

metry. 

SPHERICITY, the quality of a fphere ; or that 
by which a thing becomes fpherical or round. 

SPHERICS, the Dodnue of the fphere, particii- 
larlv of the feveral circles deferibed on its furfacc ; 
with the method of projeding the fame on a plane. See 
Projection of the Sphere, 

A circle of the fphere Is that which is made by a plane 
cutting it. If the plane pafs through the centre, it is 
a great circle : if not, it is a little circle. 

The pole of a circle, is a point on the furface of the 
fphere equidiftant from every point of the circumference 
of the circle. Hence every circle has two poles, which 
are diametrically oppofite to each other; and all 
circles that arc parallel to each otjicr have the fame 
poles. 


Properties of the Circles of the Sphere, 

1. If a fphere be cut in any manner by a plane, th« 
(edion will be a circle. And a great circle when the 
fedioB pafles through the centre, otherwife it is a hitis 
circle. Hence, all great circles are equal to each other *. 
and the line of fedion of two great circles of the fphere, 
is a diameter of the fphere ; and thcreCoae two great 
circles intetfed each other in polntl diametrically op- 
pofitc ; and make equal angles at thofe points ; ^nd 
divide each other into two caull parti; alfo 
great circle divides the whofe fphere into two equal 

\ V - 

2 . Tf a wcat cirde be peiyendicufair to any otner 
circle, Itpaties through itspwest And if a 
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pafv tUrc'ug^ of ^ny otfier circle, it cuts It at 

ri*it angles, and into two c^qual parts. 

3. The diftance between the poles of two circles^ is 
equal to th< artglc of their inclination. 

4. Two great circles pafTmg through the poles of 
anotlicr great circk, cut all the parallels to this latter 
into hmilararcs. Hence, an angle made by two great 
ciicles of the fphere, is equal to the angle (;t iueliua- 
tion of the planes of tliefe great circles. And hence 
.nlfo the lengths of thofe parallels are to one another as 
the fines of their dlllanccs from their common pole, or 
as the cofincs of their diftanccs from their paralLl 
gicat circle. ^ Confequcntly, as radius is to the (‘ofinc 
of the latitude of any point on the globe, fo is the 
length of a degree at the' equator, to ihe length of a 
degree in that latitude. 

5^. If a great circle pafs through the poles of ano- 
ther ; this latter alfo pafles through the poles of 
the former; and the two cut each <# her perpendi- 
cularly. 

6. If two or more great circles inteife^^ each 
other in the poles of anotlier great circle ; this 
latter will pafs through the poles of all the former, 

7. All circles of the fphcrc that aie equally dif- 
t.int fiom the centre, are tqinl ; and the farther they 
are dillant from the centre, the lefs they are, 

8. The fltorted diliance on the furface of a fphere, 

Ijtlwcui any two points on that furface, is the arc of a 
grt.it circle palling through thofe points. And the 
Imallcr the circle is that pafres through the fame points, 
the longer is the arc of dillancc between them. Hence 
the pioper meafure, or didance, of two places on the 
liirfi'ce'if the globe, is an arc of a great circle inter- 
cepted between the fame. Sec Thcodofiua and other 
wi I icrs on Spherics. ^ 

SPHEROID, a foHd body approaching to the 
figure of a fphere, though not exa£fly round, but 
hnving one of its diameters longer than the other. 

This folid is ufually confidercd as gcnci*ated by the 
rotrtion of an oval plane figure about one of its axes. 
If that be the longer or tranfverfe axis, the folid fo 
generated is called an oblcn^ Spheroid, and fometimes 
]‘yo!aUy vvhjcli refcmbles an egg, or a lemon ; but if 
the oval revolve about its fliorteraxis, the folid will be 
an oblate Spheroid, which refcmbles an orj^nge, and in 
this fhape alfo- is the figure of the eaitli, and the 
other planets; 



^The axis about which the oval revolves, is called 
axis, as AB ; and the other CD is the re- 
axis : Whichever of them happens to be the 
iongcr, .V ? 

V revolving oval is a perfcA cllipfe, the fo- 


lid generated by the rc/olution is properly called au 
eUipf 'iJy as difiingiuflied from the Splicroid, which ii 
geiierattd^ from tlie revolution of any oval whatever, 
whether it be an ellipfe or not. But generally fpeak- 
ing, in common ntceptHtion, the term spheroid id ulvd 
for an ellipfoid ; and therefore, in what follows, they 
are confuleicd as one and the fame thing. 

Any ItCtioii of a Spheroid, hy a plane, is an cllipfc 
(except the fciflions pcrpcruliciil.ir to the fixed axe, 
v. ljith are circles) ; and all parallel lections are fimilar 
cllipfes, or having their tianlvcrle and cor.jugaie axes in 
the fame conilnat ratio ; and the feiftiona par, did to 
the fixed axe are fuiiilar to the cllipte fiom v\liitli the 
folid was generated. See iny Meuliiraiion pa, ^67 &C, 
2d edit. 

Far ihe Surface of a SphcnitJy whether it bc obloilg 
or oblaic. Let f denote the li\^.d axe, 

;• ilie icvolviiig axe. 


a = ‘Tiijd, and q zz. 


rr 

"I " ' 


llieii will the furface s be expiclhd by the following 
rt'tie 3 ,uringtbe upper figin for the oblong fphcioid, and 
the under l/gns for the oblate one ; \iz, 






where the figns of the terms, after the fir II, are 
all negative for the oblong Spheroid, but alternately 
pofitive and negative for the oblate one. 

Hcncc, btcaufe the fadlor 4^// is equal to 4 times 
the area of the generating cllipfc, it appears that 
the furface of the oblong Spheroid is lets than 4 
times the generating clhpfe, but the fuiface of 
the oblate Spheroid is greater than 4 times the fame; 
while the furface ' of the fphtic falls in between 
the two, being juft equal to 4 times its generating 
circle. 

Huygens, in his Horolog. Ofcillat. prop. 9, has given 
two elegant conftniftions for deferibing a circle cqu.al 
to the fnperficies of an oblong and an oblate Sjdicroid, 
which he fays he found out towaidsthe latter end of the 
year 1637. As he gave no dcmunllrations of thefe, 

I have demonftrated them, and alfo rendered them 
more general, by extending and adapting them to the 
furface of any fegment or zone of the Spheroid. See 
my Menfuration, pa. 308 See, ad eel. where alfo arc 
fevcral other rules and conlhuftions for the fiiifaccs 
of Spheroids, befides thofe of tlicir fegmente, .and 
frurtums. 

Of the Solidity of a Spheroid. Every Spheroid, wdie- 
ihcr oblong or oblate, is, like a fphere, e.xa6>ly equal 
to tw'o-thirds of its circumfcribiiig cylinder. So that, 
if/ denote the fixed axe, r the revolving axe, and 
fl = ‘7834; then \ nfr'^ denote.^ the folid content of 
either Spheroid, Or, which comes to thcTamc thing, 
if / denote the tranfverfe, and e the conjugate axe of the 
generating ellipfe ; 

then w the content of the oblong Spheroid, 

and Jjr/* U the content of the oblate Spheroid, 
Confequcntly, the proportion of the former folid to 
the latter, is as c to /, or as the lefs axis to the 
greater. 

Farther, if about the two axes of an ellipfe be gc* 

^ neraud 
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wrated two fphercs and two fpherolds, tht four foHds 
will be continued proportionals, and the cominon ratio 
will be that of the two axes of the ellipfe j that is, ai 
the greater fphere, or the fphere upon the greater axe, 
is to. the oblate Spheroid, lo is tlie oblate Spheroid to 
the oblong Spheroid, and fo ia the oblong Spheroid to 
♦ he lefs fphere, and fo is the tranfverfe axis to the con^ 
pigcUf. See my M^nfuration, pa. 527 &c, 2d ed. where 
may be feen many other rules for the folid contents of 
Spheroids, and their various parts. See alfo Archi- 
medes on Spheroids and Conoids. 

Dr. Halley lias demonftrated, that in a fphere, Mer- 
cator’s nautical meridian line is a foale of logarithmic 
tangents of the half complements of the latitudes. 
But ar. it has been found that the fhape of the earth is 
fpheroidal, th's figure will make fome alteration in the 
numbers refultii^g from Dr. Halley's theorem, Mac*- 
lauriu has therefore given a rule, by which the meri- 
dional parts to any Spheroid may be found with the 
fame cxi^lncfs as in a fphere. There is rdfo an inge- 
nious tra£l by Mr. Murdoch on the fame fubjed. 
See Phllof. Tranf. No. 219. Mr. Cotis has alfo de- 
inonftrated the fame propofition, Harm. Menf. pa. 
20, 21. See Meridional Par//. 

Unherjal Spijeroid, a name given to the folid gc- 
ticrated by the rotation of an ellipfe about fome other 
diameter, which is neither the tranfvcrfe nor conju- 
gate axis. This produces a figure refembling a heart. 
See my Menfuration, pa. 352, 2d ed. 

SPINDLE, in Geometry, a folid body generated 
by the revolution of fome curve line about its bafe or 
double ordinate AB $ in op- 
pofition to a conoid, which is 
generated by the rotation of 
the curve about its axis or ab- 
feifs, perpendicular to its or- 
dinate. 

The Spindle is denominated circular, elliptic, hyper- 
bolic, or parabolic, 8 cc, according to the figure 
of its generating curve. Sec my Menfur. in feveral 
places. 

Spindle, in Mechanics, fomctiracs denotes the axis 
of a wheel, or roller, &c ; and its ends arc the pivots. 

See alfo Double Cons. 

SPIRAL, in Geometry, a curve line of the cir- 
cular kind, which, in its progrefs, recedes always 
more and more from a point within, called its centre \ 
as in winding from the vertex of a cone down to its 
bafe. 

The firft treatife on a Spiral is by Archimedes, 
who thus deferibes it ; Divide the circumference of a 
circle hpp 6;c into any number of equal parts, by a 
continual bifeftion at the points pp ^c. Jpivide alfo 
the radius AC into the fame number of equal parts, 
and make C«, Cnr, Cm, &c, equal to i, a, 3, &c 
of thefe equal parts ; then a line drawn, with a ucady 
hand, drawn through all the points m, m, m, <cc, will 
trace out the Spiral. 

This is more particularly called the frjl Spiral, when 
it has made one complete revolution to the point A ; 
and the fpace included between the Spiral and the 
dius CA, is the Spiral jpate, • 

' The firfi Spil'd! may be continued to a fecond^ by de* 
feribing another circle with double the ndjuf of the 



firft } and the fecond ony be continued to ft ihirdt b? % 
third circle j and fo on* • 



Hence it follows, that the parts of the circumference 
hp are as the parts of the radii Cm; or hp is to the 
whole circumference, as Cm is to the whole radius. 
Confcqucutly, if c denote the circumference, r the la- 
dius, A* == C/, and y =s Ap) then tlicre aiifes tli!! 
proportion r : r ; ; x : y, which gives rj = cx for 
the equation of this Spiral; and which therefoie it has 
in common with the quadratrix of Diuoftrates, and 
that of Tfehirnhaufen : fo that will 

ferve for infinite Spirals and quadratrices. See Qua- 

DRATRIX. 

The Spiral may alfo be conceived to be thus gene- 
rated, bv a continued uniform motion. If a right line, 
as AB {la/l Jig, above^ having one end moveable about a 
fixed point at B, be uniformly turned round, fo as tl e 
other end A may deferibe the circumference of a 
circle; and at the fame time a point be conceived to 
move uniformly forward from B towards A, in the 
right line or radius AB, fo that the point may defcilhc 
that line, while the line generates the circle ; tl en 
will the point, with its two motions, deferibe the 
curve B, i, 2, 3, 4, 5, &c, of the fame Spiral as 
before. 

Again, if the point B be conceived to move twice 
as flow 38 the line AB, fo that it (hall get but luill 
way along BA, when that line fiiall have formed the 
circle ; and if then you imagine a new revohition to be 
made of the line carrying the poinr, fo that they lhall 
end their motion at laft together, there will be formed 
a double Spiral line, as in the lafl figure. From the 
manner of this defeription may cafdy be drawn thclc 
corollaries : 

1. That the lines B12, Bu, Bio, &c, making 
equal angles with the fi/ft and fecond Spiral (as 
alfo Bi2, Bio, B8), &c, are ia arithmetical pro* 
greflion. 

2. The lines By, Bio, &c, drawn any how to the 
firft Spiral, arc to one another as the arcs of the circle 
intercepted between BA and thofe lines ; becaufe what- 
ever parts of the circumference the point A deferibett 
as fuppofe 7, the point B will alfo have run over? 
parts of the line A& 

3. Any, fines drawn from B to the fccond Spiial, as 
B18, B22, 8cc, are to each other as the aforefaid 
arcs, together with the whole circumference added on 
both fides ; for at the fame time that tbe point A runs 
over 12, of the whole dreumference, or perhaps 7 
more, fhall the point B have run over 12, and 

of the line AB, which it now fuppofed.to be divide 
into 14 equal parti* .^1,^ 
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^ Tke. S^rtl line i« ;«qu»I to half the ctreutn* 
fcreiice of the firft circle ; for the radii of the fe<aore, 
and confeqiieotly of the afca, an irt a arith- 

metic .progre^OD, tvhilelthe circumference of the 
circle -contains as many arcs equal to the greateft ; 
therefore the circumference is in proportion to all thofc 
Spiral arcs, as 2 to i . 

The firll Spiral fpace is eqUal to } of the firll or 
circumferrbing circle. That is, the area CABDE of 
the Spiral, is equal to } part of the circle deferibed 
with the radius CE. In like manner, the whole Spi- 
ral area, generated by the ray drawn from the point 
C to the curve, when it makes two revolutions, is \ of 
the circle deferibed with the radius aCK. 


V 



And, generally, the whole area generated by the 
ray from the beginning of the motion, till after any 
number n of revolutions, is equal to ^ of the circle 
whofe radius is « X C£, that is eaiial to the 3d part 
of the fpace which is the fame multiple of the circle 
tlcfciibed with the greateft ray, as the number of revo- 
lutions is of unity. 

In like manner alfo, any fe£^or or porrion of the area 
of the Spiral, terminated by the curve CwA and the 
right line CA, is equal to | of the circular fedlor 
CAG terminated by the right line« CA and CG, this 
latter being the fituatioji of the revolving ray when the 
point tliat defcrlbes the -curve fets out from C. See 
Maclaurin's FKix. Introd. pa. 30, 31. Sc alfo Qua- 
drature of the Spiral of Archimedes. 

Spiral* Log'tfiic^ or Logarithmic* See Logistic 
and Quadrature. 

Spiral of a Spiral formed on tire furfacc 

of a fphere, by a motion fimilar to that by which the 
Spiral of Archimedes Is deferibed on a plane. This 
spiral is fo called from its inventor Pappus. Collcft. 
Mathem. lib. 4 prop. 30. Thus, if v be the centic 
of the fphere, A A a great circle, P its pole ; and 
^''hile the quaulrant PM A revolves about the pole P 
'vith an uniform motion, if a point proceeding from 
P move with a given velocity along the quadrant, it 
trace ttpon the fphcrical furface the Spiral 

PZFa. 

Now if we Tuppofe the quadrant PM A to make a 
complete revolution in the fame time that the point, 
traces the Spiral on the furface of the fphcir, 
'Iclcribes the quadrant, which is the cafe conlidcred by 
I’appus^ (then the portion the fpl^^^S^Hurface tcr- 
”»nated byiiie>wb^e Spiral, and the circle AKiJA, 
and ^hc< quadrant I^A, will be equal to the fquarc 
w die dkimetoe. Aa* In any other cafe, tl»c 
* P tlif fqvBUT of that diameter Ap* at 


the arc Ao is to the whole circumference ARBA* 
And this area is always to the fphcrical triangle PAii, at 
a fquai-e is to its circumferibing circle, or as the dia- 
meter of a circle is to lialf its circumference, or as 
2 is to 3*14139 &c. See Maclauriu’s Fluxions, In- 
trod, pa. 31— 33. 

The portion of the fphcrical furface, terminated 
by the quadrant PMA, with the arches AK, FR> 
and the fpiral PZF, admits of a perfe6l quadrature, 
when the ratio of the arch Aa to the whole cir- 
cumference can be afiigned. See Maclaurin, ibid, 
pa. 33* 

Paralo/ic Spiral* See Hrlicoid. 

Proportiona/ Spiral, is generated by fuppofing the 
radius to revolve uniformly, and a point from the cir- 
cumference to move towards the centre with a mo- 
tion dccrcafing in geometrical progrclfion. Sec Lo- 
gistic. 

From the nature of a decreafing geometrical progref* 
fion, it is eafy to conceive that the radius CA may be 
continually divided ; and although each fucceflivc divi- 
fiou becomes Oiorter than the next preceding one, yet 
there muft be an infinite number of divifions or terms 
before the lall of them become of no finite mag- 
nitude. Whence it follows, lliat this Spiral winds con- 
tinually round the centre, witliout ever falling into ii 
in any finite number of revolntioni. 



It is alfo evident that any Proportional Spiral cuts 
the intercepted radii at equal angles : for if the divi- 
fions A^, c/c, if, //. &c, of the circumference be 
vciy fmall, the feveral radii will be 
one another, that the intercepted parts AD, DL, Et, 
FG, &c, of the Spiral may be taken as right lines \ 
and the triangles CAD, CDE, CEl*, &c, will be 
firaiiar, having equal angles at the point C, ana tne 
fides about thofe angles proportional ; therefore the 
angle, at A, D, E, F,&c, are equal, 
ral cuts live radii at equal angles. Kobertfon s JUem. 
of Navig. book 2, pa. 87. 

Proportional Spirals are fuch Spiral 
rhumb lines on the terraqueous globe ; which, becauk 
they make equal angles with every meridian, muft alio 
maxe equal angles with the meridians in the ftcreogra- 
phic proieaion on the plane of the equator, and there- 
fore will be, aa Dr. Hdicy obferves, ProporUonal Spi- 
rals about the polar point. From whence he demon* 
ftrates,, tth^t the meridian line is ft fcale of log. tapgenfs^ 
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of the half complements of the ktitncJes. See Rhumb> 
Loxodromy, and MERiniowAi. Ffirtsn • 

• ^ilALPurrp, See ScBew. 

Spiral, in Architedluie and Scnlptnre, denotes a* 
curve that afeends, winding about a ctuie, or fpirC, 
fo ‘that all the points of it continually approach the 
axis. _ ^ . 

By this it is diftinguifhe'd from the Helix, which 
winds in the fame manner about a cylinder. ' 

SPORADl'-S, in AliroiKJiny, a name by which 
the anciints dilH. inch liars as W'lre not iu^ 

chult'd in any conflrhutlou. 'i hefo the modci n» mote 
iifually call unformeilf ot ixtraron/mlaty i\irs. 

Many of the Sporades of the ancients have been 
fmee formed into new couflcllations ; thiie, of ihoi'e 
between Urfa Major and Leo, Hevtlius has foiraeti 
a conftellation named Leo Minor; and of thoitv be- 
tween Uifa Minor and Aini[(a, he aUb formed the 
Lynx ; and of iliofc under the tail of Urfa Minor, 
another called Canis Venaticus ; &c. 

SPOTS, in Aftronomy, are dark placet; obferved 
on the diflvs or faces of tlie fun, moon, and planets. 

y The Spots on the fun are fcldom if ever vifible, except 
through a tclcfcope. 1 have indeed met w'ith perfons 
whofc eyes were lo good that iht'y have declared they 
could dillinguini the folar Spots ; and it is mentioned 
in Jofephus a Coftu’s Natural and Moral Hillory of 
the Well Indies, hoi;k i, ch. 2, hclore the ufe of te- 
Jefcopes, that In Peru there are Spcis to be feen in the 
fun, which are not to be feen In Ear pe. See a me- 
moir by Dr.Zach, In the Ailronomical Ephemerisof 
the Acad, of Berlin for 1'}8S, relating to the difco« 
verics and unpubliihed papers of Thomas Harriot the 
celebrated algcbraift.' In that memoir it is (hewn, for 
the firft time, that Harriot was alfo an excellent allro- 
nomer, both theoretical and praAical ; that he made 
innumerable obfervations with telefcopes from the year 
1610, and, amongrt them, 199 obfervations of the (olar 
Spots, with their drawings, calculations, and the de- 
terminations of the fun’s revolution round his axis. 
Thefe Spots were alfo difeovered near about the fame 
time by Galileo and Scheiner. See Joh. Fabricius 
Phryfius l3e Maculis in Sole obfervatis & apparentc 
corum cum foie converfione narratio, 16 u ; alfo Gali- 
leo’s Idorla e Demonllrazloni imbrue allc Macbie So- 
lare c loro accident!, 1613. 

Some dillinguiflt the Spots into Maculae, or dark 
Spots ; and Fat ulac, or bright Spots ; but there fecmi 
but little foundation for any fuch divifion. Thw arc 
very changeable as to number, form, &c ; and are fome- 
times^in a multitude, and fometimes none at all. ^ Some 
imagine they may become fo numerous, as to hide the 
whole face of the Sun, or at lead the greater part of 
it; and to this they aferibe what Plutafch mentions, 
vjz, that in the firft year of the reign of Aiiguibs, the 
fun’s light was fo faint and obfeure,- that one-might 
look (leadily at it with the naked eye. To which 
Kcpiecadds, that in 1547# the Sun appeared reddilh, 
as when viewed through a thick mift ; and hence he 
conjeAivcs that the Spots in the fun are a kind of 
dark fmoke, or clouds, floating on his furface. 

Some tigain will have them liars, or planets, paffmg 
over the bddy of the fun ; but others, with more pro- 
bability, think they are opake 'bddtes, in manned 


of crufts, formid^ like V the feums on the fw&ce of 

liquoi-Si 1 ; ’ : r 1 . ^ * 

Bfi Derham, fronr variety bf particulars, which 
hc’hai recited, concmiing the folar Spots, , and their 
congruity to whalt we obferve in our own globe, infers, 
that they atecaufed by the eruption of foinc new volca- 
no in the fun, which pouring out at firil a prodigious 
quantity ot fmoke lind ‘Other upakc matter, caufcih the 
Spots ; and as that fuliginous matter decays and (pends 
lifelf, and the volcano at lad becomes more torrid and 
flaming, fothe bpols decay and become umbrar, and i r 
ladfacnivE: whiih (acuia; he luppjlcs to be no ('ihcr 
than more flaming lighter pirts than any other parts of 
the (nil. Fnilol. Ijani. voi.. 23, p. 1504, or An.-, 
vol. p 2?o. 

1'.. i'lu.iklin (in Ills Iv'pct. and Obferv. p. 266.) 
fuggciti, a conjecture, that Llie ptit'^of the Sun’s lal- 
p!mr (..parattd by lire, riw ii.to the atmorphcrc, and 
thu j i t‘’i,g freed from ^hc imiiucliat'' adion of thclliv, 
they coiuik into cloinly inaflci-, .imiI giadiialiy becoin- 
ii/; t>'o h-. -y lo I)c longer hippoiiit', they defeend to 
tin: lun, uiul an. Linnt over again. liciicc, lie 
the Sp()^..^ Hj-ptai’iiig on ins lace, winch obleivcvl fo 
dimnulh Oady m lizc, their confummg cages being at 
particular biighln.l.^ 

For anotlur loluiion of thefe phenomena, he Ma- 
CUOiE. \aiioub othii ai.coiints and hypotlielcs ol 
thelc Spots mav be Iccn in lUany of the otlicr vuhinus 
of the I’liiiof. Tranf. In one of theft, viz, Viii. ^7, 
pa. 39S, Hr. Horiley attempts to determine tne hcigiiL 
of the fun’s atnioiphere from the ‘height of the lol.ir 
Spots above his luitacc. 

By means of the obfervations of thefe Spots, lias 
been dctci mined the pciiod of the lun’s rotati /ii 
about lus axis, viz, by obferving their periodical k- 
turn. 

The lunar Spots are fixed : and aflronomers rccla n 
about 48 of them on the moon’s face ; to each ol 
which they have given namts. Tiie aifl, called 7 
is one ©f the molt conllderable. ■ ' 

Cinular Spots, in Electricity. See Circular 
Spots and Colours. 

Lucid Spots, in theheavens^ arefeveral little whit ifli 
Spots, that appear magnified, and morc'lunnnnis 
when feen through tclcfcopcfe; a2>d yet without any 
liars in them. One of thefe is'ib Andronieda’s giidlc, 
and was liril obferved in 1612, by Simon Marius; it 
has feme whit’ifii fays near its middle, is liable to feve- 
ral changes, and is fometimes inyilible. Another is 
near the ecliptic, between the head and bow of Sagit- 
tarius; it is fmall,.but very luminous. A third is in 
the back of the Centaur, which if too far fouth to be 
feen in Britain. A fourth, of a Imallcr fize, ps befoie 
Antinous’s right! foot, having a (iar in it, which makes 
it appear more bright. A fifth is in the conllellatioa 
Hercules, between the flars C and' a, wdikh is vifiblc 
to the naked eye, though it is but fmall, when the Iky 
is clear and the moon abfent. It is probable, that wim 
more powerful telefcopes thieie lucid Spots will be 
found to be congerks of very minute fixed jfiars. 

Planetary Spots, arethofe of the planfets* 1 A«ro- 
nomers find that the pbneti are nbe idthout^tkeir fpots* 
Jupiter, Mars, aad Venus, when^itwed ihrwkgh a tc- 
lefcope, (hew (evtrsi very remirkabk imes : 
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by themotJon of thcfe Spots, that the rotation of the 
planets about tJicir axes is concluded, in the fame 
manner as that of the fun is deduced from the apparent 
motion of his mac ul 5 c* 

SPOUT, or IV/iter Spout, an extraordmary me- 
teor, or appearance, confining of a movnocoliimnor 
j ii'ar of water t called by the Latins ^iid 

///w ; and by the Frciieh tromj>r, f,,im‘ its (haoc, 
wiiicli lelembks a fpeaking trumpet, the widell end 
upo, rmod. 

its tifil appearance is in form of a deep cloud, 
the upper part of v.-hich is- while, and the lower black* 
From the lov^e^ part of this cloud tlieie hangs, 
or riUie: UilU down, what is properly called ihc* 
vSpoiit, III maimer, .of a conical tube, larged at top. 
Under this tube is always a great boiling and flying up* 
ol Uii* water of the fta, in a jet d’eaii. For lomc 
y:nds aoovc the lurfacc of ihc fen, tlic water {lands 
I3S a Lolmnn, or .pill-r ; from the extremity ol wl»icb 
it lpiea.,s, and gois olF, as in a kind of fmoke. Ftc- 
(jiientiy llieconcdcfccnds lo low as to the* middle of 
liiistolumn, and continues for feme time cunti^oious 
to it ; tliough lometimes it only points to it at li,ine 
dillaiicc, either in a peipendicular. or in an obli(iiic 
luK*. 


Fieq cntly it can fcarce be diftingulfhed, whether 
the cone 01 tlic column appear the {ird, botii appearing 
all ol a fuddeu againfl each other. But fomettmes the' 
water boils up from the lea to a great height, without 
any apptaiaiice of a Spout pointing to it, either pci- 
pcndicuh'ily or obliquely. Indeed, generally, the boil- 
ing or flying up of the water has the priority, this 
always preceding its being formed into a column. For 
the molt part the cone docs not appear hollow till to- 
Wai'ds the end, when the fea water is violently thrown 
up filmig its middle, as fmukc up a chimney : foon af- 
tci this, the Spout or canal breaks and disappears ; the 
builmg up otthc water, and even the pillar, continuing 
totheialt, audfor fbinc lime afterwards ; himetinics till 
the Spout form idcif again, and appear anew, which 
It will do feveral times in a quaiier of an hour. See a 
dcTcnption of feveral Water- Spouts by Mr, Goidon,and 
by Dr. btuart> in Fliii. Tranf. Abr. vol, iv, pa. 103 


M. de la Pryme,* from a near obfervation of two or 
three Spouts in Yorkfhirc, defcribed in the Philofophi- 
cal rranladtions, num, 28 r, or Abr. vol, iv, pa. 106, 
concludes, that the Water Spout is nothing but a gyra- 
tion of clouds by contrary winds meeting in a point, or 
Centre ; and tlicie, where the greatell condenlution unci 
guvitation isv falling down, into a pipe, or great tube, 
omewhat like Archimedes’s fpiral ferew ; and, in its 
whirling motion, abforbing and railing 
t e water, m the fame manner as the fpiral ferew does; 
and thus dedroying (hips &c, 

1 bus, June the itlb, be obferved the clouds mighti* 
y agitated nbovr, and driven together; upon whitli 
^ very black, and were hurried round ; 

'vnence proceeded a audible whirling noife like 
^ hi heard/ in a mill. Soon after there ifliied 

a tube,, ore iipviJt* , from the centre of the congre- 
^cd doisdi^ in .which he obfen^d a fpiral motion, like 
by which the water was raifed up. 
Again, Angu^ 1687, the wind blowing at the 


fame time out of the feveral quarters, ereated a 
Vortex and whirling among the clouds, the centre of 
which every now and then dropt down, in fhane of a 
hiiig thin black pipe, m whidv he could di. lineally 
behold a motion lilecthiit of a {crew, comiunally drau'. 
mg upwards, and Icrewing up, as it wue, wherever it 
touclitd. 

In its progrefs it moved flowly over a grove nf tr^*ec, 
which bent under it like wands, in a cirtiilar motion, 
i rocceduig, it tore of! the th'iich Irom a btirn, bent :i 
lHM>;e oak tree, broke one of iu gi c.ittll limbs, and threw 
It to a gieat diUnnce. He adds, that wlieicas it is 
commonly faid, the water works and rlVs in a ctilmnn, 
be foie the tube comes to touch it, ihih is doubllcfs a* 
millake, owing lo the Imeucis and iranlp.iutu y of the 
tubes, which do moR certainly touch tiic iiufarc of 
the fea, before any conliderablc motion can be lali. d in 
it; but which do not bcu»*ne opakc and vibble, till 
after they have imbibed a cv>ni;deiable quantity of’ wa- 
ter. 

The dhTolntion of U’aier-Spoiils he afciibcs to the 
great quantity of water tluy iiave glutted ; which, by 
its weight, impeding thtii* motion, upon winch tln ir 
force, and even exilKnce depend ;, thc7 l>‘cak, and ht 
go their contents ; wlneii iiie to prove talal to what- 
ever is found undeincaih. 

A notable inftance of this may be feen in the Philo- 
fophica) Tranfai^lions (iiuin. 363, or Abr. vol iv. p,i 
io8y related by Dr. Kichardfon. A Spout, in ijiS, 
breaking on Lmmotmoor, nigh Coin, in Liacafliire, 
the country was immediately oveiflowed ; a biook, in a 
few minutes, rofc fix feel ptfipeiidiculaily higli . and the 
ground upon which the Spout Id), which was 66 feet 
over, was torn up to the very rock, which was no 
Icis than 7 feet deep ; and a deep gulf was made Ibr 
above half a mile, the earth being raifed in vafl heaps 
on each fide. Sec a dcfciiption and figure .of a W.iter- 
Spout, with an attempt to account font in Frjnklm’i 
Kxp. and Ohf pa, 226, See, 

Signor Btccaria ht-is taken pains to /how that Wa- 
ter-Spouts have an ekdlncul oi igin. lo make this 
more evident, he hill defciibcs the i ircnmltjuccs at- 
tending tiieir appearance, wdiicli aic liie following. 

They generally appe ar in e;Jm weather, '['he ha 
feems to bod, and to hiid up a iaioki. under them, 
riling in a lull towards the Spout. At the fame time, 
perfons who have teen near tl^em liave hcaid a inmbling 
noife. The form of a Watcr.LSjJout is that of a fpeak* 
iiig trumpet, the wider end being in the clouds, and 
the narrower end towards the lea. 

The fjze is various, even in the fame Spout. l’I»c 
colour is fometimes inehniiig to white, auu lome times 
to black. Their politlon is lornttimc# perpcndienlar t«l 
the k-a, fometimes oblique; and /omei inu>» the Spout 
itlclf is in the form of a cuive*. Their continuance is 
very various, fome difappeai ing as foon as formed, and 
feme continuing a conliderablc time. One that he had 
heard of continued a whole h(»ur. But they oiitn vaol/h; 
and prefenlly appear again in tiic fame place. < The 
very fame things that Water Spouts arc at le'a, arc fane 
kinds of whirlwinds and hurricanes by > land. They 
have Jbeen known to tear up treci, to throw down ' 
buildings, and make caverns in the eaitb; ami in alt 
thefc cafes, tofcatttr earth, bricks^ lioness timber, 

to 
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to a great dlAance in every dire£lion. Great quantities 
of water have been left, or ralfecl by them, fo as to 
make a kind of deluge; and they have always been at- 
tended by a prod!g;oii3 rumbling noife. 

That thtfe plwnomeua depend upon eleAricity can- 
not hilt appear very probable from the nature of 
fevend of them ; but tlie cotijeduic is made more pro- 
bable from the following additional circumilances. They 
generally appear in months peculiaily fubjetf to thun- 
dtr-ilorms, and are commonly preceded, accompanied, 
or followed by lightning, rain, or hail, the previous 
flute of the air being fimilar. Whitifli or yellowilh 
flafiici of light have fometimes been feeii moving with 
piodigiou3 fwlftncls about them. And lallly, the man- 
ner ill which they terminate cxadlly refembles what 
might he expelled from the prolongation of one of the 
unifoim protuberances of eledii Tied clouds, mentioned 
before, towards the fea ; the water and the cloud mu- 
tually attraifling one another: for they fuddenly con- 
trudl; ihemfelves, and difpeifealmoll at once ; the cloud 
riling, and the water of the fea under it falling to its 
level. But the mall remarkable circiimdancc, and the 


which followed it. Upon this, the negative clouds 
fpread very much, and diflblved in rain, and the air 
was prefently clear of all the dufl. The whole appear- 
ance lafted not above half an hour. See Pridtley’s 
Elcdr. vol. I, pa. 438, &c. 

This theory of Water-Spouts has been farther con- 
firmed by the account which Mr. Forftcr gives of one 
of them, in his Voyage Round the World, vol. i, 
pa. IQ I, &c. On the coaft of New Zealand he had 
an opportunity of feeing feveral, one of which he has 
particularly deferibed. The water, he fays, in a Ipace 
of fifty or lixty fathoms, moved towards the centre, 
and there rifing into vapour, by the force of the whirl- 
ing motion, afeended in a fpiral form towards the 
clouds. Diredly over the whirlpool, or agitated fpot’ 
in the fea, a cloud gradually tapered into a long flen- 
der tube, which feemed to defeend to meet .the riling 
fpiral, and foon unitetkfrith it into a ftraighl column of 
a cylindrical form. The water was whirled upwards 
with the grcatcll violence in a fpiral, and appeared to 
leave a hollow fpace in the centre ; fo that the water 
feemed to form a hollow tube, inllead of a lohd column ; 


n>oll favourable to the fuppofition of their depending 
on elcdricit y, Is, that they have been difperfed by pre- 
fenting to them Ouiip pointed knives orfwords. This, 
at leafl, is the ctiullant pradice of mariners, in many 
parts of the world, where thefe Water-Spouts abound, 
and he was afluted by feveral of them, that the method 
has often been undoubtedly efFcdfual. 

1 he analogy between the phenomena of Water 
Spoi tsaiid electricity, he fays, may be made vifible, by 
hanging a diop of water to a wire communicating 
with the pn'mc conductor, and placing a veflelof water 
under it. In thefe ciicumflancea, the drop affumes all 
the various appearances of a Water Spout, both in its 
life, form, and manner of difappearing. Nothing is 
wanting but the fmoke, wdiich may require a great 
force of elec.il ioity to become vifible. 

Ml. Wilckc alfo conliders the Water-Spout as a 
kind of great tledflrical cone, raifcd between the cloud 
flrongly ele<ai ified, and the fea or tke earth, and he 
1 elates a very remarkable appearance which occurred to 
himfelF, and which flrongly confirms his fuppofition. 
On the 20th of July 17,8, at three o^clock in the af- 
ternoon, he obferved a great quantity of dufl rifing 
frrun the ground, and eovciing a field, and part of the 
town in which he tiien was. There was no wind, and 
the dull moved gently towards the eafl, where appeared 
a great black cloud, which, when it was near its ze- 
nith, elcdrified his apparatus pofitively, and to asgrcutt 
a degree as ever he had obferved it to be done bv natural 
eledriclly. This cloud pafled his zenith, did went 
gradually towaidsthc weft, the dufl then following it, 
and contimiing to rife higher and higher till it compofed 
a thick pillar, in tlie form of a fugar-loaf, and at length 
icemed to l:te in contaft with the cloud. At fomc dif- 
taucefroin thir, there came, in the fame path, another 
great cloud, together with a long llrcam of fmaller 
clouds, moving fafterthan the preceding. Thefe clouds 
tiedrilied his apparatus negatively, and when they came 
near the politive cloud, a flafli of lightning was fecii 
10 dart through the cloud of dufl, the pofitive cloud, 
the large negative cloud, and, far as the eye could 
diflinguilhi th^ whole train of fmaller negative clouds 
4 


and tliat this was the cafe, was rendered ftill more pro- 
bable by the colour, which was exadly like that of a 
hollow glafs tube. After fome time, this laft columu 
was iiicurvated, and broke like the others; and the 
appearance of a flafli of lightning which attended 
its disjuiidlion, as well as the hail Hones which fell at 
the time, feemed plainly to indicate, that Water- 
Spouts either owe their formation to the eledric mattei , 
or, at leafl, that they have forae connedion with it. 

In Pliny'? time, the fcamen ufed to pour vinegar in- 
to the fea, to affuage and lay the Spout when it ap- 
proached them : our modern feamen think to keep it 
off, by making a noife with filing and Icratching vio- 
lently on the deck ; or by difeharging great gun« to dll- 
perfe it. 

See the figure of a Water-Spout, fig. i, plate 27. 

SPRING, in Natural Hiftory, a fountain or iouroc 
of water, rifing out of the ground. 

The moft general and probable opinion among phi- 
lofophers, on the formation of Springs, is, that they 
are owing to rain. The rain-water penetrates the eaith 
till fuch time as it meets a clayey foil, or ftralum ; 
which proving a bottom fufficiently folid to fullain and 
flop its defeent, it glides a'ong it that way to which 
the earth declines, till, meeting with a place or aperture 
on the furface, through which it may cfcape, it foinis 
a Spring, and perhaps the head of a flream or brook. 

Now, that the rain is fuificient for this effed, ap- 
pears from hence, that upon calculating tbc quantity ol 
rain and fnow which falls yearly on the trad of ground 
that is to furnifb, for inflance, the water of the Seine, 
it is found that this river does not take up above ooe- 
lixth part of jt. 

Springs commonly rife at the bottom of mountains ; 
the rcalon is, that mountains colled the moft waters, 
and give them the greatefl defeent the fame way. And 
if we fometimts fee Springs on high grounds, and even 
on thti tops of mountains, they iiluft come from other 
remoter places, confidcrably higher, along beds of cwy, 
or clayey ground, as hr their natural channels. 80 that 
if there happen to be a valley between a mountain on 
whofc top U a Spring, and the mountain which is 
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fuw!(h It with water, the Spring muft be confidcvcd a> 
water condutted from a refervoir of a certain hdtdjt 
through a fubterraneous channel, to make a jet of an 
almoft equal height. ^ 

As to the manner in which this water iscolleded fo 
as to form refervoirs for the diiferont kinds of 8p,inV. 
it feems to be this : the tops of mountains ufually 
abound with cavities and fubterraneous caverns, formed 
by nature to ferve as rtfervojis j and t!ieir pointed 
lummits, which leem to pierce the clouds, Uop tliofe 
vapoius which float in the atmofphere ; which beinir 
tlius condtnied, they precipitate in water, and by 
their gravity and fluidity cafily penetrate through beds 
of r.md and tlie lighter earth, till they become flopped in 
their ddeent by the deiifer flrata, fuch as beds of clay, 
Hope. &e, where they foim a bafon or cavein, and 
working a paflage horizontally, or a little decliniirr, 
they iffue out irt the Tides of the mountains. Many of 
thele Springs ddeharge water, which running down be- 
tween the lidges of hills, unite their flreams, and form 
iiv’ulets 01 brooks, mid many of ihefe uniting again on 
llie plain, become a river. 

The perpetuity of divets Springs, always vitlding 
the fame quantity of water, eqiuHy when the leafl ram 
or vapour is afforded as when they are the greats fl, fm- 
ni(h, in the opinion of fomc, confiderable objtaions to 
the univerfality or fufficiency of the theory above. Dr. 
Dei ham mentions a Spring in his own parifli of Upmin- 
fler, which he could never perceive by his eye W'as di- 
mlniflied in the greateft droughts, even when all the 
ponds in the country, as well as an adjoining brook, 
had been dry for feveral months together ; nor ever to 
be increafed in the mofl rainy feafons, excepting perhaps 
for a few hours, or at mofl for a day, from fudden and 
violent rains. Had this Spring, he tliopght, derived its 
origin from rain or vapours, there would be found an in- 
cicale and decreafe of its water corrcfpondiug to thofe of 
Its caufes; as wa aAually find in luch temporary Springs, 
as have undoubtedly their rife from rain and vapour. 

•Some natuialifts therefore have recourfe to the fea, and 
derive the origin of Springs immediately.from thence, 
■out how the (ca-water fhould be ralfcJ up to the fui- 
face of the earth, and even to the tops of the mountains, 
a difficulty, in the foliition of which they cannot 
agree. Some fancy a kind or hollow fubteiLanean ^ 
locks to receive the watery vapours raifed from\han- 
ncls communicatiHg with the fea, by means of an 
internal fire, and to aft the part of alembics, in freeing 
them from their faline particles, as well as coiidcniing 
and converting them into water. This kind of fubtei- 
rancan laboratory, ferving for the diflillation of fea- 
'vatcr, was the invention of Des^ Cartes ; fee his Priii- 
P?* part 4, ^ 64. Others, asDclaHire&c (Mem.dc 
Acad. 1703) fet afide the alembics, and think it 
enough that there be large fubterranean refervoirs of 
at the height of the fea, from whence the 
'Warmth of the bottom of the earth, &c, may raife va- 
5 ^ich pervade not only the intervals and fiflures 
^ but the bodies of the flrata themfeives, 

j arrive near the furfacc ; where, being 

ondenfed by* the cold, they glide along on the firfl 
^ of clay they meet with,- till they iffue forth by feme 
the grpund. De la Hire adds, that the 
* of ftone# and minerals may contribute to the de- 


taining and fixing the vapours, and converting them into 
water. Farther, it is urged by fomc, that there is a 
flill mor<; natural and cafy way of exhibiting the rife of 

the tea-water up into mountains c^c, viz, by putting a 

httle heap of fand, or afhes, or the like, into a bafon 
of water; m which cafe the find will lepr.fuit the 
dryland, or an illand ; and the bafon of water, the 
about It. H.ro, fay llu-y, the wat.-r thf ha'', „ 
vvill rile to the top of the heap, or nearly fo, in the 
fame manner, and from the fame principle, as the wa- 
tmofthe fea, Lkfs, &r, life in the lulls. 'The prin- 
ciple of afeent in both is accordiugly fuppofed to Ik the 
fume with that of the afctiit of liquids incapilL'y 
tubes, or between contiguous planes, 01 in a tube 
filled with afhes ; all which are now generally aceoUiiltd 
for by the doftrineof attradlion. 

Againll this Idfl tlieory, Pcirault and others have 
urged feveral inianfwcrable ohjedions. It fnppofcs a 
variety of fnbteiranean paflages and caverns, lommii- 
ii’Catlng with the fea, and a complicated appaiatus <yf 
aUmhics, with heat and cold, &c, of the exiflence of 
all which we have no fort of pioof. Bclides, the wa- 
ter that is fuppofed to afeend liom the depths f>f the 
fen, or from iubterranean canals proceeding fiom it, 
through the porous paits of tiiecailli, asiLiifesin ca- 
pillary tubes, afceiuis to no great lieiglit, .and in much 
too fmall a quantity to furmlh fprings with war n-, as 
Perrault has fufiieicntlv Oicwn. And though the fand 
and earth through which the water afeends may .icquirc 
fomc faline particles fiom It, they aie ncverthelcfs inca- 
pable of rendering it fo frefh as the water of oui foun- 
tains is generally found to be. Not to add, that in ’ 
procefs of time the faline particles of which the 'vater is 
deprived, either by fubterranean diflillation or lillnuion, 
mufl clog^ and obflrudt thofe can ils and olc-mbics, by 
which it is fuppofed to be c()r\cycd to our Springs-, 
and the fea mull likewife gradually Jofc a coniideiable 
quantity of its fait. 

IXifrreni forts -o/ Springs, Spilngs are either fuch 
as run continually, called perennial ; or fnch as run 
only for a time, and at certain feafons of the yc’.ir, and 
therefore called temporary Springs. OtheriP again are 
called m/erw/V/fV/^ Spring-), bccaufe they flftw and then 
flop, aud flow and flop again ; ^\\^\ncipr(icahny Springs, 
wliofe waters life and fall, or flow and ebb, by regular 
intcivals. 

In order to account for thefe differt nccs in Spting*, 
let A 13 CDK (fig. Zf pi. 27) reprefent the declivity of 
a hill, along which tlie rain defeends ; pafllng thiough 
the fiiriues or channels BK, CO, DH, and LK, into 
the cavity or refervoir FGifKMI ; from this cavity 
let there be a narrow diain or duft Kh, which dii- 
cliarges the water at E, As the capacity of the re- 
lervoir is fuppofed to be large in proportion to that of 
the chain, it will fuinilh a conilant iupply of water to 
tlie fpring at E. But if the refervoir FGHKMI be 
final], and the drain laigc, the watci contained in the 
former, unlefs it is fupplied by rain, will be wholly 
difeharged by the latter, and tlie Spring will become 
dry : and fo it will continue, even though it rains, till 
the water has had time to penetrate through the earth, 
or to pafs through the channels into the refervoir ; and 
the time neceffary for furnifhing a tiew fupply to the 
drain KE will depend on the fizc of the fiffurcs, the na- 
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ture of the foil, and the depth of the cavjty with which it 
Commnnicate8. f Icnce it may happen, that the Spring at 
Emay remain dry for a confiderable time, and even while 
it rains ; but wlien the water has found its way Into the 
cavity of the hill, the Spring will begin to run. Springs 
('f tliis hind, it is evident, may be dry in wet we.ither, 
cfpeciidly if the KE be not exa£ily level with the 
bottom of the cavity in tfie hill, and difchargc water 
in diy weather; and the intcrmilfions of the Spring 
may continue feveial days. But If wc fuppofe XOE to 
r’fjufent anotliCr cavity, fiipplicd with waU'r by the 
channel NO, as \4ell a.^ liy hflurcs and clet's In the 
rock, and iiy the draining of tile adjacent earth; and 
anotlicr cliannel Sl'V, communicating with the bot- 
tom of it at S, afcendlng to T, and terminating on 
the fm facc at V, in the form of a fiphon; this difpofi- 
tiun of the internal cavities of thccarth, which we may 
realonahly'fuppore tliat nature has formed in a vaiiety 
of phccs, willfcrveto explain the principle of rcci- 
protating Spiings; for it is plain, that the cavity XOP 
niufl be fnpplied with water to the height T, before 
it can pafs ovtr the bend of the channel at 1', and tlion it 
will flow-through tlie longer leg of the (iphon TV, and 
be dih barged at tlie end V, which Is lowei tlnn 8. 
Now if tlie ( lijnnel STV be confidciably larger than 
NO, by which the water is princ'paUy conveyed into 
the icfei voir XO[’, the refet voir will be emptied of its 
Water by the f plum ; and when titc w'ater delccnds be- 
low ItsoiHiceS, tlie ait will drive tlie remaining water 
out of the channel STV, and the Spring will ceafe to 
(low. 13 nt in time the w'ater in the refervoir will again 
life to the Iieight (^T, and be difeharged at V as be- 
fore. It Iscaly to conceive, that the diameters of the 
channels NO and S'FV may be fo proportioned to one 
another, as to afford an Intcrmiirion and renewal ot the 
Spring V at regular inteivals. Thus if NO commu- 
nicates vvilli a well fupplied by the tide, during the time 
of flow, the tpiantity of water conveved by It into the 
cavity XOl’ may be fufiicient to fill it up to QPT ; 
and S'rV may be of fuch a fizeasto empty It, dining 
the time of ebb. It Is eafy to apply this reafoning to 
more complicated cafes, where feveral reftrvoirs and 
llplions communicating with each other, may fiipply 
Springs with circumflances of greater variety. See 
IViifieheiihroek’s Intiod. ad Thil. Nat. tom. ii. pa. loio. 
Dcfjgu, Exp Phil, vol, ii, pa, 173, 6cc. 

We (liall here obferve, that Delaguliers calls thofe 
rcnprc(alin^ Spiings which flow conflantly, but with a 
llream fubjtifl to inertafe and deci cafe; and thus he dif- 
tingulfhcs them from intenuiitin^ Springs, which flow 
or flop alternately. 

It is faid that in the dloccfe of Paderborn, in Weft- 
phalla, there Isa Spring which difappears after twenty- 
four Iiours, and always returns at the end of fix hours 
with a great noife, and with lo much force, as to turn 
tlirce mills, not tar from its foutce. It is called the 
JI dderborn, orboiderous Spring. Phil. Tranf. num. 7, 
pa. 127'. , 

'riieic are many Springs of an extraordinary nature 
in our own country, whicli it is needlefs to recite, as 
they are explicable by the general principles already il- 
lufliaied. 

Spring, Krr, In Aflrpnomyand Cofmography, de- 
motes one of the feafons of the year ; commencing, in 


the northern parts of the earth, 00 the day the fun cfi- 
ters the (irll degree 'of Aries, which is about the 
. 21ft day of March, and ending when the fun cnteis 
Cancir, at rhe fummer folfticc, about the 2 ill of June* 
Spring ending w'hcu the llimnier begins. 

Or, more i\vWy and generally, fur any part of the 
earth, or on eltlicM* fide of the equator, the vSpriiv.- 
feafon begins when the meiijian altitude of the fuir 
being on the increafe, is at a medium between theguat* 
efl and lead ; and ends when the meridian aliltiiue !v 
at the grcatefl. Or the Spring is the feafon, or tlinr, 
from the rroment of the fuiPs crolling the equator till 
he rife to the grcatell height above it. 

AV/r/.r Spring, in Phyllcs, denotes a natural ficul- 
ty, or eiuleavoiir, of certain l.odics, to return to tlxii 
firft Hate, afcer having been violently put out of the 
fame by comprcfTing, or bending them, orthelikt. 

This faculty is urually called by phllofophcrs, tlajl.c 
forrry ox tl ijllcily, 

Spr INC, in Mechanics, is ufed to fignify a body of 
anyfhape, perfedllyeh'IIc. 

Ehift'. ily of a S 1' R i \ c; . See E l \ s 1 1 c i t y . 

Lenyth of a Spring, may, from its etymologv, lig. 
nify tlie length of any clallic body ; hut it is paiilu.- 
lailv tiled by Dr Jmin tofignify the grcatefl Icngtli to 
which a Spring can he forced inwards, or drawn mu* 
wards, without prejudice to its elaflicity. He ol)Ei\c^, 
this would be the whole Icnglli, were the Spiing cond- 
dered as a mathematical line ; but in a mateiial Spiing, 
it Is the dilTercnce between the whole length, when ilic 
Spring is in its natural fitintion, or the fjtuatioii it will 
refl in when not dillurbed by any external force, ami 
the length or fpnee it takes up w'hcn wholly cumpreiild 
and clofed, or when drawn out. 

Strcoylh or Force of a Spring, is ufed for the foicc 
or vveiglit which, when the Spring Is wholly comprofled 
or clofed, wdll juft prevent it from unbending iifelf. 
Alfo the Force of a Spring partly bent or cloftd, Is the 
force or weight which is jull fufiicient to keep the Sjumg 
in that ftate, by preventing it from unbending iiiuf 
any farther. 

The theory of Springs is founded on this princij'lc, 
vtinfenjiof J\c vh ; that is, the intenfity is as the eoni- 
prefling foice ; or if a Spting be any w'ay forced or put 
out ot itsnatural fituation, its refiftanceis proportional 
to the fpace by which It is removed from that fituatlo i. 
This principle lias been verified by the experiments uf 
Dr. Hook, and lince him by thofe of otiiers, particn* 
laily by the accurate hand of Mr. Geoige Graham. 
Lectures De Potenlia Reftitutiva, 1678. 

For elucidating this principle, on w'hicli the whole 
theory of Springs depends, fuppofe a Spring CL, lelb 
ing at L again ft any immoveable fnpport, but othet- 
wife lying in its natural fituation, and at full liberty. 
Then if this Spring be prefled inward- by any force/’, 
or from C towards L, through the fpace of one imh, 
and can be there detained by that force the rcidl* 
ance of the Spring, and the force />, exadlly counter- 
balancing each other ; then will the double force iP 
bend the Spring through the fpace of 2 inches, and tlu' 
triple force 3/ through 3 inches, and the quidrnif-- 
force 4/ through 4 inches, and fo on. The fpace CL 
through which the Spring, is bent, or by which It^ 
end C is removed from its natural fituation, being 

w.n » 
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pK^rtbnal to the force which Will bend It fo for, 
and will j«ft detain it when fo bent. On the other hand, 
if the end C be drawn outwards to any place x, and 
Tje there detained from returning back by any force 
the fpace Cx, through which it ia fo drawn outwards, 
will be alfo proportional to the force /, which is jull able 
to retain it in that fituation. 




i-J 



It may here be obferved, that the Spring of the air, 
or Its claftic force, is a power of a difi'erent nature, 
and governed by different laws, from tliat of a palpa- 
ble rigid Spring. For fnppoling the line LC to rc- 
prefent a cylindrical volume of air, which by com- 
preflion is reduced to L/, or by dilatation is extended 
to Lx, its elaftic force will be reciprocally as L/ or Lx ; 
whereas the force or rcfiftanceof a Spring is diredly as 
C/ or Cx. 

This principle being premifed, Dr# Jurin lays down 
a general theorem concerning the a<^ion of a body 
fti iking on one end of a Spring, while the other end is 
fuppofed to reft again ft an immoveable fopport. 

Thus, if a Spring of the 
ftrength P, and the length CL, 
lying at full liberty upon an ho- 
rizontal plane, reft with one end 
L againft an immoveable fup- 
port ; and a body of the weight 
M, moving with the velocity V, 
in the dire^ion of the axis of the 
Spring, lltike direiflly on the 
other end C, and fo force the 
Spring inw’ards, or bend It 
through any fpace CB ; and if a mean proportional CG 

he taken between X CL and 2^, where a de- 
notes the height to which a body would afeend in vacuo 
with the velocity V ; and farther, if upon the radius 
R = CG be deferibed the quadrant of a circle Gb A i 
then, 

1. When the Spring is bent through the right fine 
CB of any arc GF, the velocity v of the body M is to 
the original velocity V, as the cofinc BF is to the ra- 

BF 

<l«u8CG;thati8v:V::BF:CG,orv = -j^ X V. 

2. The time t of bending the Spring through the 
f»me fine CB, it to T, the time of a heavy body a 
^feending in vacuo with the velocity V, as the corre- 

Vol. 1 L 


A 


fponding arc is to xa \ that is / : T : I OF : arf, o< 
/ = ^XT. 

2fl 


The doi^lor gives a demonftration of this theo- 
rem, and deduces a great many curious corollaries from 
it. Thefc he divides into three claffes. The firft con- 
tains fucli corollaries as arc of more particular life when 
the Spring is wholly doled before the motion of the 
body ccafes: the fecond comprehends thofe relating to 
the cafe, when the motion of the body ceafes before the 
Spring is wholly clofed : and the third when the motion 
of the body ccafes at the inftant tliat the Spring is 
wholly clofed. 

We fhall here mention fome of the lad clafs, as 
being the moft fimplc ; liaving firft premifed, that P =s 
the ftrength of the Spring, L = its length, V =?c the 
initial velocity of the body clofingthe Spring, M == its 
mafs, / = time fpent by the body in clofingthe Spring, 
A = height from which a heavy body will fall in va- 
cuo in a fccond of time, a = the height to which a 
body would afeend in vacuo with the velocity V, C ^ 
the velocity gained by the fall, m the circumference 
of a circle, whofc diameter is i. Then, the motion 
of the linking body ceafing when the Spiing is wholly 
clofed, it will be, 
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Vt = X 1^'. 
4A 


MV 


/PLM 

= IT 


the firft momentum. 


4. If a quantity of motion MV bend a Spring 
through its whole length, and be deftroyed by it { no 
other quantity of motion equal to the former, as 

«M X will clofc the fome Spring, and be wholly 
n 


deftroyed by it. 

5. But a quantity of motion, greater or Icfs than 
MV, in any given ratio, may clofe the fenc Spring, 
and be wholly deftroyed in clofmg it; i(||||.'the time 
fpent in clofmg the Spring will be rcfpedlively greater 
or kfs, in the fame given ratio. 

C‘PL . 

6. The initial vis viva, or MV* is — 

2M = PL ; alfo the initial vis viva is as the rciftan- 
gle under the length and ftrength of the Spring, that ip, 
MV* is as PL. , 

7. If the vis viva MV* bend a Spring through its 
whole length, and be deftroyed in doling it ; ^ny 

other vis viva, equal to the former, as «“M X 

will clofc the fame Spring, and be ddlroyed by it. ^ 

8. But the time of clofing the Spring by the vis vivi 


X — , will be to the time of clofing it by the 
/»• 


vis viva MV*, as n to 1. 

Q. If the vis viva MV* be wholly confumed »n clofing 
.Spring, of the length L, ana ttrength Pj then the 
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yll'vlya will he fiifficlent to' clofe, ift, Either a 

Sprjrig of the length L and Urcngth 2d,' Or a 
Spring of the length nL and frrength nP. 
the length and (Itength P* 4th» Or, if « he a 
whole number, the number w* of Springs, each'of the 
length L and (tiepgib It may be atldcd, that it 
appears from hence, that the number of fimilar and 
equal Spiings a given body in motion can wholly clofc, 
isalvvayn propoitional to the fqiiares of flie velocity of 
that body. And it is from this principle that the chief 
argument, to piovc that the force of a body in motion 
is as the fquare of its "velocity, is deduced. See 
Forck. 

The theorem given above, and its corollaries, will 
equally hold good, if the Spring be fuppofed to have 
been at fit ft bent thioiigli a ceitain fpace, and by un- 
bending Itfclf to prefs upon a body at reft, and thus 
to drive that body before it, during the time of itsexpan- 
fion : only V, inllead of being the initial velocity with 
which the body flnick the Si>ring, will now he the fi- 
nal velocity with which the body parts from the Spring 
when totally expanded. 

It may alfo be obferved, that the theorem, &c, will 
equally hold good, If the Spring, inllead of being 
prefied inward, be drawn outwarrf by the adion of the 
body. The like may be faid, if the Spring be fup- 
pofed to have been already drawn outwaid toja certain ' 
length, and in icftoring itfclf draw the body after it. 
And laftly, the theorem extends .to a Spring of any 
form whatever, provided L be the greateft length it 
can be extended to from its natural fituntiou, and P the 
force which will con fine it to that length. See Philof. 
Tranf.nura, 472, fea. 10, Orvol. 43, art. lo. 

Spring is more particularly ufed, in the Mechanic 
Arts, for a piece of tempered fteel, put into various 
• inadiines to give them motion, by the endeavour it 
makes to "unbend itfelf. 

In watches, it Is a fine piece of well beaten fteel, 
coiled up in a cylindiical cafe, or frame; which by 
ftretching itfclf forth, gives motion to the wheels, &c. 

SpRiNG .^r^or, in a Watch, is that part in the mid- 
dle of thdljpring-box, about which the Spring is 
wound orrorned, and to whleh it is hooked at one 
end. 

Spring Box^ iu a Watch, is the cylindncSl cafe, 
*or frame, containing within it the Spring of the 
watch. 

, Sprino-'Cow^<2^j« See Compasses. 

Spring of the Airy or Its elaftic force. Sec Air, 
and ElAstioity. ..." 

SpRiNO-7hA*f, are the higher tides, about the times 
of the new and full moon. See Tide, 

Springy^ or Elajlic Body, Sec Elastic Body, 

SQUARE, in Geometry, a quadrilateral figure, 
whole angles are right, and fides equal. Or It ia ah 
equilateral reaanglc, Or an equilateral reftangular 
parallelogrtimi 

A Square, and indeed any bthhr parallelogram, is 
bifefted by its diagonal. And the fide of a Square is 
ihcommenfurable to its diagonal, being in the ratio of 
i to 


To find the Aren of a SqjrARfi* Multiply the fide 
by itielf, and the product is the area... So, if the fide 
be 10, the area is 100; and if the fide be 12, the 
area is 144. . - ^ 

Square Footy is a Square each fide of which is equal 
to a foot, or 12 inches ; and the area, or Square tout 
is equal to 144 Iquare indies. • 

Gtometricul Square, a compartment often added ou 
the face of a quadrant, called alfo 7 ../W o/Shado’a s, 
and Quadrant. 

Square. See Quadrant. 

Magic Square. See Magic Square. 

Square Meafurrsy the Squares of the lineal mea- 
fares; as in the following Table of Square Mca- 
fures : 


Incite. 

it; rei^ 

sq V.rds. 

j'f.ruli s. 

' 144 

1196 
■9“"’4 
6:7^64 
627 ’64'* 1 
40 144 519') O' 

. 

9 

4^50 
41500 
! 2^87^40.^ 

1 

4 ^ ' 
4840 
;097t>0? 

I 

16 

i6j 

i 1 02 


64.' ■ 


Normal Square, is an inftrument, made of wood 
or metal, ferving to defciibe and' meafure right aiiglts ; 



fiich Is ABC. It confifts of two rulers or branches 
faftened together perpendicularly. When the two legs 
are moveable on a joint, it is called a bevel. 

To examine wdieiher the Square is exaifl or not. 
Defcribe a fenicirclc DBE, with any radius at plea- 
fure; in the circumference of which apply the angle of 
the Square to any point as B, and the edge of one kg 
to one end of the diameter as D, then if the other kg 
pafs juft by the other extremity at E, the Square is 
true ; otherwife not. 

Square is the produft arifing from a 

number multiplied by itfelf. Thus, 4 is the Square ot 
2, and 16 the Square of 4. 

The feries of Square inf egers. Is I, 4, 9, ,16, 25, 36,5cc; 
which are the Squares of - 1, 2, 3,, -4, 5 » 

Or the Square fradlions * }y 

which are the Squares of - • 4 > l» h I’ 

A Square number is lb called, , cither bccajife »t de- 
notes the area of a Square, whofc fide is expreUed by 
root of the Square number^ as ia^tbe anqc^cd 
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wlmli conriftsof.9 little fqu.iies, tlic fide being equal to 
3 ; or clfc, which is much the hiinc thing, becaurc the 
points in tlie number may be ranged . • • 

in the form of a Square, by making 
the root, or fador, the fide of the • 

Square. 

Some properties of Squares are as 
folIoAV : I . Of the 


Natural ferics of Squares, i’^, 2^, 3*, 4*’, 

which are equal to 1 > 4 1 9 > 16, Sx; 


The m^an proportional mn between any two of thefe 
Fquaics w* and is equal to the Icfs fquare its 
root multiplied by the ditfercncc of the roots ; or alfo 
tqunl to the greater fquare mitius its root inuliiplied by 
the laid difference of the roots. That is, 
mri = wi* 4- r/wi = dn ; 

where y/ =•« — »/ is the difl’ercMice of their roots. 

2. An arithmetical mean betw'cen any two Squares 
and «*, exceeds their geometrical mean, by half the 

Square of the difference of thcii' roots. 

That is + \td z:z inn + \(l^. 

3. Of three equidillant Squares in fhe Scries, the 
geometrical menu between the extremes, is lefs than the 
middle Square by the Square of their common diflancc 
in the Scries, or pf the common difference of their roots. 

That is, mp ^ 

wliere w, n, are in arithmetical progreflion, the com- 
mon difference being </. 

4. The difference between the two adjacent 

Squares w*, and »% is aw + ^ ; 

in like manner, = 2« + i, the differ- 

ence between the next two adjacent Squares a* and j 
and fo on, for the next following Squares. Hence the 
difference of thefe differences, or the fecond difference 

of the Squares, is 2« — aw =? 2 x n - m = 2 only, 
— w.i= j that is, the fecond differences of 
the Squares arc each the fame conftant number 2 ; 
therefore the firft differences will be found by the conti- 
nnal addition of the number 2 ; and then the Squares 
tnemfelvcs will be found by tiie continual addition of 
. ^ firft difTeronccs-; and thus the w hole feries of 'Squares 
conflru^tcd by addition only, as here below’ ; 




2 

2 

2 

2 

2 

2 

8 cc. 

ift piff. 

1 

r 

5 

7 

9 

1 1 

'3 

See. 

Squares. 

I’ 

4 

9 

16 

11 

1^ 

49 

See. 


And this method ofconflrufiing the table of Squaie 
numbers I find firfl: noticed by PuetarluS} in his Alge- 
bra. 

5. Another curious property, alfo noted Jby the 
fame author, is, that the fiun of any niimbcr of the 
cubes of the natuial feiies i, 2, 3, 4, taken from 
the beginning, always mikes a Square number ^ and 
that the fciits of Squares, lo formed, have for their 
roots the nuinbcis 1, 3, 6, 10, 15, 2 l, &.C, 
the difl's. of which are r, 2, 3, 4, 5, 6, &c, 
vix, 1 * ~ 

1 ^ P 23 3 S 

,1 4. .3 4, ^3 ™ 61 , 

4. 2^ 4- 3! -f 4^ = 10* ; and in general 

i3 4 . 23 4- 3 ’ 4* «’=(i + 2 4-3 

whcic n is the number of the terms or cubes. 


i . .. "Sj. ...■■-..'I 


Soc’ARu. Root^ a number confidered as the root of a 
fecond power or Square number; or a number which 
multiplied by itfclf, produces the given number. See 
Extraction of Roots^ and alfo the article Roor> 
where tables of Squares and roots arc infeited. 

T.^ Scij/ARE, or Tcf Scj^-JARi, an inftrumtnt u fed in 
(hawing, fo called from its refcuiblaiice to the capital 
Utter '1‘. 

This inflrument confifls of 
two (Iraiglit rulers A B and 
CD, fixed at right angles to 
each other. To wdiich is 
fometimes added a third EF, 
moveable about the pin C, to 
fet it to make any angle with 
CD.— It is very ufeful for 
drawing parallel and perpen- 
dicular lines, on the face of 
a fmooth diawing-board, 

SQJJARUD • Square, 

SojuARhD cube. See* Sec 
Power. 

SQITARING. SeeQjA- 

DRATURF. 

Sri^/ARING Circle, is 
the makingor finding a Square 
wliofc area fliall be equal to the area of a given circle. 

The bcfl mathematicians have not yet been able to 
refolvc thb problem accurately, and pci haps never will. 
But they can cafily come to anypropofed degree of i^p- 
proximalion whatever j for inlldiicc,. fo near as not to 
err fo much iu the area, as a grain of fand would co- 
ver, in a circle whofe diameter is equal to that of the 
oibit of Saturn. The following proportion is near 
enough the truth for any real ufe, vi’-c, as i is to 
•88622692, fo is the diameter of any circle, to the 
fide of the fqnarcof an equal area. Tliercfore, if the 
diameter of the circle be called d, and the fide of the 
equal fquare J ; 

then Is s = *88622692// = neatl^ 




and d = 


=r nearly# 


•88622692 

SeeCiRci-B, Diameter, and QuADkATtTRE. 

3 R 2 STADIUM, 
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'■ sIfADHJM, w ancient Greek long meafure, con* 
tiiniog I2c‘ geometrical paccs^ or tSaj Roman feet j 
correlponding to*oar furlong. 

Eight Stadia make a geometrical or Roman mile j 
'hnd 20, according to Dacier, a French league; but 
' according to others, 800 Stadia make 41} leagues. 

CuIDetiere oblervea, that the Stadium was only 600 
Atlieiilcin feet, which amount to 62^ Roman, or 566 
IVeiieh, or 604 Englhh feet ; fo that the Stadium 
ihoLild have been only n 3 geometrical paces. It mull 
be obferved however, that the Stadium was different 
at different times and places. 

STAFF, jilmucantar*Si Au^urnl, Bad, Crofst Fore^ 
l!jr. See thefe feveral articles. 

STAR, Sttlla, in Alhonomy, a general name 
for all the heavenly bodies. 

The Stars are diflingiiilhed, from the phenomena, 
&C, into Jixed and erratic or 'luamlerin^. 

Erratic ox IFandcrin^ Stars, arc thofe which are 
continually changing their places and dillances, with 
regard to each other. Thefe are what arc properly 
caT'ed planets. Though to the fame clafsmay likewife 
.be icferred comets or blazing Stars. 

Fixed Star?, called alfo barely Stars, by way of 
eminence, are thofe which have ufually been obferved 
to keep the fame diflaiice, with regard to each other. 

The chief circumftances obfervable in the fixed 
Stars, are their dijlance, magnitudct numher, stature, and 
vio*ion. Of each of which m their order. 

Dijance of the Fixed Stars. The fixed Stars are fo 
extremely remote from us, that we have no diftances in 
the planetary fyftcm to compare to them. Their 
immenfediftance appears from hence, that they have no 
fenfible parallax ; that is, that the diameter of the earth’s 
annual orbit, wliich is nearly T90 millions of miles, 
bears no fenfible proportion to their diftance. 

Mr. Huygens (Cofmotheor. lib. 4) attempts to de- 
termine the diftance of the Stars, by making the aper- 
ture of a tekfeope fo fmall, as that the fun through it 
appears no larger than Sirius ; which he found to be 
only as i to 2 ,664 of his diameter, when feen with the 
naked eye. So that, were the fun’s diftance 27664 
times as much as it is, it would then be feen of the 
fame diameter with Sirius. And hence, fuppofing Si- 
rius to be a fun of the fame magnitude with our fun, 
the diftance of Sirius will be found to be 27664 times 
the diftance of the fun, or 345 million times the earth’s 
, diameter. 

> Dr. David Gregory inveftigated the diftance of Si- 
rius, by fuppofing it of the lame iMgnitude with the 
fun, and of the fame apparent diameter with Jupiter 
in oppofition : as may be feen at large in his Aftrono* 
my, lib. 3, prep. 47. ... 

^ Caftini (iMcm. Acad. 1727), by comparing Jupi- 
ter and Sirius,, when vicw<^ thi'ough the fame tcle- 
fcope, inferred, tKat the diameter of that planet was lO 
times as great as that of the Star ; and the diameter of 
Jnpiter being 50'', he concluded that the diameter of 
- Sirius was about 5'"; fuppofing. then that the real mag- 
nitude of Sirius is equal, to that of the fun, and the 
diftance of the fun from ns 1 2000 diameters of the 
^’^arlh, and the apparent diameter of Sirius, being to 
that bf fun as i to 384, the diftance of Sirius be- 
Isomes equsf to 4698000 diameters of the earth. 

4 


Thefe method, of Huygeh*,'^ Clegarf, end Caftn? 
are conie^lural and precarious j- boflfhecaufe the finj* 
and Sirius are fuppofed of equal m&gnitude, and alfo 
becaufc it isfuppofed the diameter of Sirius is deter- 
mined with fufticient exaftnefs. 

Mr, Michell has propofed an enquiry into the proba- 
ble p?ralia\ and magnitude of the fixed S^tars, from the 
q-iantity ot light which they afford us, and the peculiar 
circiimlianccs of their fuuatiOn, With this view he 
fuppofes, that they are, on a medium, equal in 
nitude and natural briglitnefs to the fim * and then 
proceeds to inquire, what would he the parallax ofihc 
fun, if he were to be removed fo far from us, as to 
make the quantity of the light, which we fhonld then 
receive from him, no mote than equal to that of the 
fixed StaiB. Accordingly, he affumes Saturn in oppo- 
fition, as equal, or nearly equal in light to the brightefl 
fixed Star. As the mean diftance of Saturn from the fun 
is equal to about 2082 of the fun’s femidiameteis, the 
denlity of the fun’s light at Saturn will confcqucntly be 
Icfsthan at his own furface, in the ratio of the fquaic 
of 2082 or 433472410 I : If Satuin therefore reflcdl- 
ed all the light that falls upon him, he would be Ids lu- 
minous in that fame propoition, And bcTides, hisap- 
paient diameter, in the oppofition, being but about 
the 105th part of that of the fiin,tlie quantity qf hght 
which we receive from him mult be again diminifhed in 
the ratio of the fquare of 105 or 11025 to i. Confe- 
queiitly, by multiplying thefe two numbers togdlur, 
we lhall have the whole of the light of the fun to that 
of Saturn, as the fquare nearly of 220,000 or 
48,400,000,000 to I, Hence, removing the Am to 2 20,000 
times his prelent diftance, he would ftill appuu at 
leaft aa bright as Saturn, and his whole paiallux up u 
the diameter of the earth’s orbit would be lefs tlmn r 
feconds ; and this muft be alTumed for the parallux ol 
the brigbteft of the fixed Stars, upon the ruppofilioii 
that their light docs not exceed that of Saturn. 

By a like computation it may be found, that tlio 
diftance, at which the fun would afford us as much light 
as we receive from Jupiter, is not lefs than 46,cx.o 
times his prefent diftance, and his whole parallax in 
that cafe, upon the diameter of the earth’s orbit, would 
not be more than 9 fcconds } the light of Jupiter and 
Saturn, as feen from the”" earth, being in the ratio of 
about 22 to I, when they are both in oppofition, and 
fuppofing them to refleft equally In proportion to the 
whole of :hc light that ^lls upon them. But if Jupiter 
and Saturn, inftead 6f refleding the whole of the light 
that falls upon them, ftiould really refleft only a part of 
it, as a 4th, or a 6th, which may be the cafe, the above 
diftances mull be incrcafed in the ratio of 2 or 2* to 
i,,to make the fun^s light no mote than equal to theits; 
and his parallax would be lefs in the fame proportion. 
Suppofing then that the fixed Stars are of the fame mag- 
nitude and brightnefe with the fun, it^is no wonder 
that their para^x (hould hitherto have cfcaped obler- 

vation j fince in this cafe it could liardly amount to 2 

feconds, and probably not more than 6nc In Sirius nim* 
fdf,' though he had been placed in the pok of t 
ecliptic ; and in thofe that appear much lefs luminou t 
ns y Draconis,, which is orily of the 3d magnitude, 
co»|d hardly bc cxpeftcd td be fenfthk with 
meats as have hitherto been ufedi However, 
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conflrua Dr* Bradley afTurea us (Pliilof. Tranf* num. 406, or 
of dilcm^rujfhing Lv^n to the 20th Abr. vol. 6, pa* 162), that had ihc parallax amounted , 
f r r ^ fecond, or two at moft^ he flioidd have per- 

dcp:ree of exaetuelb. I his in^renious writer apprehends ceivcd it in the jvreat number of ohfervationa which 

that, the quantity of If^ht which we receive ti‘ o Si* he made, cfpecially upon y Draconis j and that It 

rius, docs not exceed tlie light we receive Iromtl.e l.-all feemed to him veiy probable, that the annual parallax 

fixed St^rof the 6th magnitude, in a greater latio ihaii of this Star docs not amount to a finglc fecond, and 
that ol JOOO to i , nor leis than that of 400 to i ; and confcqiiently that it Is above 400 tboufand times faitbcr 
the fmn’ler Smi.' of the magnitude feem to be about irom us vlian the fun, 

a mean proportional between the other two. Heine But Dt. HcilchJ, to wbofc induary and ingenuity, 

the v\lioie parallax of the leall fixed .* the 6th in exploring ii,e heavens, aflronomy i^ already muclL 

magnitude, fuppofing them of the famt ^ and native indebted, renruhs that the inllrumeiit ufed on this 
bi ightnefs with the lun, ihould beiii ii about 2^^' to rccafion, benigtlic i.imc with the prefenr zenith fee- 
3"', and their diftance from ab</it b 12 million times t-us, can hardly be allowed capable of fhewing an an* 
that of the fun : and tlie parallax 'd the fniailei* Stars of glc of one 01 even two fecondts, with accuracy ; and be* 
the 2d magnitude, upon the fame fuppolii f>n, fhould be lides, the Star on which the obfervations were made, is 
about I2"(, and their dilUnce about 2 iiidiioii timer, only a bilgbiStar of the 3d magnitude, or a fmall Star 
that of the fun* of the 2d; and that therefore its paiallax Is probably 

This author farther fuggefls, that, fiom ihe appa- much Icfs than that of a Star of the lirft magnitude. So 
rent fituation of the Stars in the lieavens, there ij the that we arc iK»t wananted in inferring* that the paral« 
greateft probability that <he Stars are o ], -^tv-d together lax of the Stars in general does not exceed i ", where- 
in chillers in fome places, where they i nni a kind of as ffiofe ol the lirli magnitude may have, notwith- 
fyllems, whihl in others there are eiriicr few or none of llindiiig the lefult of l)i, Btadley’s obicrvatlons, a 
ilum ; whether this difpofition be owing to tlior mu- paiallax of feverak fccoiuls, 

tnal gravitation, or to lome other law ot appointment As to the method of zenith dillances, it isliable to 

of the Creator. Hence it may be inferred, that fuch confidcrable errois, on account of rclradion, the change 
double Stars, &c. as appear to confill of two or more of pofition of the earth’s axis, arifing from nutation, 
Stars placed vei*y near together, do really coufid of prcccflion of the equinoxes, or other caufes, a^id the 
Stars placed near together, and under the influence of aberration of light, 

fome general law; and he proceeds to in(]uire whetlKr, Dr. Herfcbtlhafi propofed another method, by means 
if the Stars be collcdtcd into fylkms, the fun does not of double Stars, which is free from ilicfe criors, and 
likewife make one of fome fylleni, and which fixed of fuch a nature, that the annual parallax, t\cii if it 
Stars thofe are that belong to the fame fyllcm with fiiould not exceed the loih pait of a fecond, may ftill 
him. become vifible, and be afccriaintd at Lall much nearer 

Thofe Stars, he apprehends, which are found in than heretofore. This mabod, which was firll pro- 
clullers, and furrounded by many otltlTS at a fmall dif- pofed in an imperfed manner by Galileo, and has been 
tance from them, belong probably to other fyftcms, alfo mentioned by other authorp, is capable of every 
and not to ours. And thofe Stars, which arc fur- improvement which the telcfcopc and mechaniim of mi- 
roupded with nebulas, are probably only very large ciomtteis can furnifh. To give u gcneial idea ot it. 
Stars which, on account of their fuperior magnitude, let O and E be two oppolite points of 
are finely vifible, while the others, which compofe the the annual orbit, taken in the f.imc 
remaining parts of the fame fyftem, are fo fmall as to plane vvlth two ilars A, 15 , of unequal 
cfcape our fight. And thofe nebulas in wh'ch we can dif- magnitudes. Let the angle AOB be 
cover either none or only a few Stars, even with the obhrvtd when the cartli is at O, and 

afliftancc of the bed tele^jpopes, are probably fyllems EB be oblervcd when the earth ia at 

that are dill' more didant than the red. For other par- E. I’lom the difi'crcn^e ot thclc an- 
ticulars of this inquii'y, fee Philof. Tranf* vol. 57, pa. glcs, when there ib any, the parallax of 
234 &c. ' 1 ^*^ Stars may be computed, accord- 

As the didance of the fixed Stars is bed determined ing to the thcuiy lubjoined. Thde 
by their parallax, various methods have been purfued, two Stars ought to be as near as pof- 
though hitherto without fuccefs, for iuveftigating it ; fible to each other, and alfo to differ 
the rcfult of the mod accurate obferyations having given as much in magnitude as wc can find 

us little more thi^n a didant approximation ; from wfilch them. 

however we may conclude, that the neared of the fixed This theory of the, annual parallax of double Stars, 
Stars cannot be jef« than 40 thoufand diameieis of with the method of computing from thence >^'bat i^ 
the whole 'annual Orbit of the eaith diilant from ■ ufually called the parallax of the fixed Stars, or of fin- 
' git StaiB of the hid magiiilude, fuch as aiencarelt to 

The method pointed out by Galileo, and attempted us, dippofes id, that the Stars ait all about the fix^ of 
hy Hook, Flamftccd, Molyncux, and Uradlev, of the luii j and zdly, that the diffmnee in them apparent 
taking the diftances of fuch Stars from the zenith as magnirudes, ib owing to ticir different diftances, fo as 
it, has given us a miichjuller idea of the that a Star of the id, 3d, or 4th magnitude, is 2, 5, 
nmnenfe didance of the Stars, and furnifhed an approxi- or 4 time? as lar off as one ot the firll. Thefc prinri- 
*^ation to tlicir ‘ poraJlax, much nearer the truth, than plcs> which Dr. Herfchcl pr< mdes as poftulata, have fo 
1 C had ® probability in uicur favour, that they viill 

' ' ' ^ • icaiccly 



Cheir that 

fnftrumanta^capable 
cart of a fecond p 
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Ajarccly be obje^led to by thofe wbo arc in tbeleaft ac- 
qiiaintexi with thedo£irirte ofdiimCes- >SccMr.MicneU 6 
Inquiry', &c. alreadycitcd. And PhiloC Iranf. vol. 57, 

nn. zu 2^0. Alfo Dr. Halley, on the Num- 

her, Order, and Light of the fixed Stars, in the Phi- 
lof. 'IVanf. vol. ;r, or Abr. yol. 6, pa. 148. 

Therefoic, let KO b^ the 
whole diiimetor oi the earth^s an- 
nual orbit ; aiiu let B, C be three 
Stars iUuatediirtlu ecliptic, in fuch 
a in.inner, that tlrcy may appear 
all in one line OABC when the 
earth is at 0 . Now if OA, 

AH, BC be equal Xf> each other, 

A will ho a Star of the full magni- 
tude, Y) of the fecoud, and C of 
the third. Let us next fuppofe 
the angle OAK, or parallax of the 
whole orbit of tlic earth, to be 
of a degr ee ; ih- n, becaufe very 
ftT'all angles, having the fame fuh* 
tenll* K(j, may he taken to be in 
tire iuverfe ratio of the lines OA, 

OB, OC, 6.C, we fliall have 
EHO = l^and ECO = fee, 
alio becaufe K/V :=: AB nearly, 
the angle AEB :r ABE rr I ; 
and hecaufe BC = ‘ HO = 1 BE 
nearly, the angle BEG r= \ BCR = J", and hence 
A EC J. + ^ = 5/^; from all which it follows that, 
when the earth is at E, 

the Stars A and B appear at from one another, 

the Stars AandC at diftant, and 
the Stais Band C only J," diftant. In like manner 
may be deduced a general expi-cGion for the parallax 
that will become vifible In the change of diftance be- 
tween the two Stars, by the removal of the earth from 
one cxti^eme of her orbit to the other. Let P denote the 
total parallax of a fixed Star of the magnitude of the 
M order, and m the number of the or der of a fniallcr 
•Star, p denoting the partial parallax to be obfeived by 
the change in the diftance of a double Star ; 



they fftioidd appear in one line, wbco th® «tnh is ia 
fome other part of her orbit between E «nd^O ; th^a 
will the parallax be ftill expre^d hf the fame algebraic 
formula, and one of the maxima will ftill lie at E, 
the other at O 5 but the whole > effedl will be divided 
into two parts, which will be in proportion to each 
other, as radins — fine to radius -f fine of the 
Star’s diftance from the neareft conjundioii or oppo- 
fit ion. 

Wlien the Stars are any where out of the ecliptic, 
fituated fo as to appear in one line OABC perpendicu- 
lar to EG, the maximum of parallax will ftill be ex- 


. m —M 

then 


prefTed by - 


- — but tliere will aiife another ad- 


) _ which gives 

P, when p is found by obfervatlon. 

For Ex. Suppofe a Star of the ift magnitude ftiould 
have a fmall Star of the i 2th magnitude near it ; then 
will the partial parallax we are to exped to fee be 

' iirip = pj P, or of the total parallax of the 
12X1 

larger Star; and if wc ftiould, by obfervation, find the 
partial parallax between two fuch Stars to amount to 
i'\ then will the total parallax P =z = I'Vr* 
Again, if the Stars be of the 3d and 24th magnitude, 

the total parallax will be P = = i\p ^ W» 

24 — 3 

fo that if by obfervation be found to be iiy of a 
(econd, the whole parallax P will come, out = 

farther, the Stars being ftiUin the ecliptic, fuppofc 


ditional parallax in the conjnndllon aiiJoppofitlon,whidi 
will be to ihatv\hichib found 90'’ before or aftcM’tlie fun, 
as the fine (j) of the latitude of the Stars feeii at 0 , is 
to radius (1 ) ; and the eficdl: of this parallax will be 
divided into two parts ; half of it lying on one fide of 
the large Star, the otlier half on the other fide of it. 
Tills latter parallax will alfo be compounded witli the 
forrrier, fo that the clillancc of the Stars in the con- 
jundion ami oppofition will then be reprefeiited by the 
diagonal of a parallelogram, whofe fidcs aie the two 
femiparalldxis ; a general expreflion for which will be 

When the Stars are in the pole of the ecliptic, jwlll 
be = I, and thc lall formula becomes \ps/z =■ 
•707 

Again, let the Stars be at fome diftance, as 5^^ 
each other, and let them be both in the ecliptic.^ This 
cafe is refolvaWe into the firft ; for imagine the Star A 
to Hand at I ; then the angle AEI may be accounted 
equal to AOI; and as the foregoing formula, 

p ~ ^ — ^P, gives us the angles AEB, A EC, 

we are to add AEI or 5" to AEB, which will give 
lEB. In general, let the diftance of the Stais be 
and let the obferved diftance^ at E be P ; then will 
D ^ d -Y p> aud therefore the whole parallax of tlie 


* P— </ 

annual orbit will be expreffed by ^ — -jj Pr/ = P. 

Suppofe now the Stars to differ only in latitude, one 
being in the ecliptic, the other at fome diftance as 
5^' north, vs'hcn feen at 0 « This cafe may alfo be re- 
folved by the, former ; for imagine the Stars B and C to 
be elevated at right angles above the plane of the fig’^^^* 
fo that AOB, or AOd, may make an angle of 5 at 
O ; then inllead of the lines OABC, EA, BB, 
imagine them all to be planes at right angles to ^le 
figure ; and it will appear that the parallax of the otart 
in longitude, muft be the fame as if the fmall St^ ha 
been without latitude. , And fmee the Stars B, C, by 
tl>e motion of the earth from Q to E, .will not change 
their latitude, we (hall have the following contoaion 
for finding thcdifta^ce of fhe S|;a<;5 AB and Ay at > 
and from thence, t.hc parall^, 
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Let the UianA rqjrcfcnt the 
Trtuation yf the Stars.; ch h the 
fubtenfe of j'V the angle under 
which they are fiippofed to be feen 
3t O. The quantity by the for- 

mcr theorem is found = 

which is the partial parallax, that 
would have been feen by the eaitli’3 rnnviivv 
() to E, if both Staifi had been in the e^-liptic; 
on account of the difference in latitude, it will now 
be reprefented by < 7 /?r the hypotenufe of the ttianj^le 
therefore in general, putting ab ~ d, a?.:=z^D, 

^/e have — — r7 ^ d 5 '*‘ — ci^ ^ P 



ftom 

hat. 


Hence, D being 
M f»iven, 


VI — M 

found by obfti vation, and the tliiee d, 
the total parallax is obtained. 

When the Stars differ in longitude as well as latitude, 
this cafe may be rcfolved in the following manner. 
Let the triangle ah$ reprcftiu 
t!ie filuation of the Stais, 
ah = d being their did mice 
lien at O, = D their 
diilanee feen at E. I’liat 
the change /jS, which is pio« 

(Ineed by the earth’s motion, 
tvill bo tiuly exprefl’ed by 
m — M ^ , , 

may be proved as 

!>crore, by fuppofing the Star a 
t'» have been placed at «. 

Now let the angle of pofition ba% be taken by a micro- 
nicitr, or by any other method fidlieienlly exacd- ; then, 
by ulolving the triangle aha,, we obtain the longitudi- 
nal and latitudinal differences ao. and*/<x of tlie two 
ftais. Put aa. =: .r, bu = and it will be a* -f 
~ </<7, whence 



J)r=\/ (xd-' 






mM ' ■ ' m- 

If neither of the Stars fliould be in the ecliptic, nor 
liave tlje fame longitude. «r latitude, the lall theoiein 
n lll diilfcTve^o calculate the total parallax, whofe inaxi- 
nmtn will lie in E. There will alfo arife another pa- 
1 affix, whofe maximum will be in the conjumflion and 
oppofition, which will be divided, and lie on different 
hues of the large Star ; but as the whole prnallax is cx- 
ticmely fmali, it is' not ncceflliry to inveftlgatc cveiy 
ffntieular cafe of this kind; for by reafon of the divi- 
hon of the parallax, which renders obfewations taken 
-^tany other time, except where it is greatell, vtiy un- 
fi\<)uiable, the formula would be of little ufc. 

Er. Herfchcl clofes his account of this theory, with 
a general obfervatloiT on the time and place w'here the 
'M axima of parallax will liappen. Thus, when twoun- 
Stais'are both, in the ecliptic, or, not being in 
d'C ecliptic, have e,qual latitudes, north or fouth, 
‘»|d the larger tjtar has moll longitude, the maximiim 
tl^c apparent djAance will be when the fun’s longi- 
tude 18 9 o» more than the Star’s, or when obferved in the 
^< 5 rning and the minimum, when the longitude of the 
,8 9 QO lcfath?in that of the Star, or when obferved 
the fipaU Star \m molt 


longitude, the maximum and minimum, as well as the 
time of obfervation, will be tlte reverfc of the former. 
And when the Stais differ in latitude, this makes no 
alteration in the place of the maximum or minimum, nor 
in the time of obfervation ; that is, it ii immaterial 
x'.hicli of the two Slais lias tlie gi cater latitude. Philo!*, 
'['i.Mif. vf>l. / 2, art. 1 1. 

The dillauce of the Star y Draconis appears, by 
Brullov’s oblci rations, alieady recited, to be at leAll 
"0,000 times that of the fun, and the diilanee of the 
I’.eawU lixed Star, not lefs than 40 , 00 (Mliamcters of the 
earth’s annual oiblt :'that is, the diilanee irom the earth, 
of the foimer at leall 38,000,000,000,000 miles, 
and the latter not kfs than 7,000,000, 000, o^'O miles. 

As tliefc dlduices aic imnicnffly gicat, it may bi>lh be 
anuifing, and help to a (.leain and incnc lainiliai iilea, 
to compare them witli the vtloLity of ionic luuvlng 
bod\, by uhi‘h tlicy may riu\iliuul. 

Tiic Iw’di ft motion ue ka nr uf, is tliat of bpjit, 
vhkii puffs iiuin the fun to the eaith in about B ini- 
ni.t<s; and yet would l)'j above 6 yt.ns travelling 
the fill fpice, and near .1 yci.i and a ipiaiter in palhug 
from llu' ncarcll fixed >Sl u to the eailh. But a Ciinnoii 
ball, moving on a nudium at the late of about 20 
miles in a minute, would be* 3 million 8 hundred thou- 
land yeais in pafilup, iiom yliiaeonis to the e.ulh, and 
76:) tlioiifand yens paiTiiip, from tlic neartlt fixed Star. 
Sound, wliicli moNcs at the rate of about 13 miles in a 
minute, would be 5 million 600 thoufand yuais tra- 
vel fing the* former diilanee, and x million 128 thou- 
fand, in palling through tlie latter. 

The celebrated Huygens puriiicd fpoculatlons of this 
kind lo far, as to bclie\e it not impoilihle, that tbeic 
may be Stars at fueh inconceivable ddbnees, that their 
light has not yet reached tlie earth fincc iu creation. 

Di. Halley has alfo advanced, vv'hat he fays feems to 
be a mctaphyfical paudox number 364, 

or Abr. V(d. 6, pa, 14^ )> that the number of foed 
Stais mull be more than linite, and fotneof lliem more 
than at a linite diilanee fiom others: and Addifon ha,i 
jnrtly obfeived, that tliis ihonght is Far fiom being ex- 
tiavagant, when w'c eoiihdcr that the nniyeife is the 
wx>rk of infinite power, promplul by inilnite good- 
lufs, and having an inlinite fi>ace to e‘,ert itlclf 
in ; fo that our imagination can hi no bounds to it. 

Magnitude of the fi\cd Star-, d’he niagnlliulin of 
the Stars appear lo he veiy diffetent from one ano- 
ther; which difference may pi(;l...blY mih , jnutly Irom 
a divcrfity in theirrcal imignlHuh*, but pimcipally (io.'ii 
their dillances, which aie dilb.ient. 

To the hare eye, tlie St 0 . appear uf fome feiifilrlc 
magnitude, owing to the glare oi ligdit ari/ing from 
the nnmberlefs reflections froeo the atiial pu tides 5 cc 
about the eye : this makes us uiiagine tlie Stars lo be 

much larger than they WRUild .lopc- r, if wc faw thcrti 

only by the few rays which tome dircdlv fipoa tUcnl, 
fo as to enter our eycb wdihout being inlet mixed with 

others. t . 1 

Any perfon may be fenbUe of this, by look- 
ing at a Star of the foil magnitude through a long 
narrow tube ; which> though it takes in as much of 
the fky as w^ould hold a thoufand fuch.ftaVa,. fcarce rea- 
ders that ouc viliblc. ^ 



/ 


S T' A r 4^ ] S T A ^ 


Tijc Stars, on account of tlitiV Apparently vaHoua 
fi/es, have been diftributed into feyeral clafles, cklled 
nia^niimks. The ift clafs, or Stars'^ of the fuft magm* 
tude, arc thofe that appear largcft, and may probably 
be ncarefl: to us. Next to thefe, arc thofe of the 2d 
magnitude ; and fo on to the 6th, which comprehends 
the fmallcd Stars vifihle to the naked eye. All beyond 
thefe, that can be perceived by the help of telefcopes, 
arc called tehfcoplc ftars. Not that all the Stars of each 
chfs appear juftly of the fame magnitude ; there being 
great latitiide in this rcfpe£t j an'd thofe of the firlt 
magnitude appearing almoft all different in liiftrc and 
lizc. There are alio other Stars, of intermediate mag- 
nitudes, whiclv aftronomers cannbt refer to one clafs 
rather than another, and therefore they place them be- 
tween the two. Procyon, for inftance, which Ptolo- 
my makes of the lirll magnitude, and Tycho of the 
2d, Plamlleed lays down as between the i ft and 2d. 
So that, inftead of 6 magnitudes, we may fay there 
are almoft as many orders of Stars, as there are Stars ; 
fo great variations being obfeivable in the magnitude, 
colour, and brightnefs of them. 

There feems to be little chance of difeovering with 
certainty the real fixe of any of the fixed Stars ; we 
muft therefore be content with an approi^imation, de- 
duced from their parallax, if this fhould ever he found; 
and the quantity of light they afford ns, compared with 
that of tne fun. And to this purpofe, Dr. ffcrfchcl in- 
forms us, that with a magnifying power of 6450, and 
by means of his new miciometer, he found the appa- 
vTcnt 4‘ameter of a Lyric to be o'''3^5. 

The Stars are alfo diftingwfhed, with regard to their 
fjtuation, into or cof/Jg/htlions ; which arc no- 

thing but affemblages of Lveral neighbouring Stars, 
oonfidercd as c^mftitutlng fome determinate figure, as 
of au animal, 5 cc, from which it is therefore denomi- 
nated: A divifion as ancient as the book of Job, in 
which mention is made of Orion, the Pleiades, 

' &c. . * . . 

Befides the Stars thus dlftinguifhed Into magnitudes 
and conftellatioUs, there are others not reduced to 
cither. Thofe not reduced into confteliations, are 
called in/ormfSf or unformed Stars; of which kind 
feverai, fo left at large by the ancients, have fince 
Been formed into new conllellations by the modern 
aftronomers, and cfpecJally by Hevellus. 

Thofe not reduced to claffes or magnj^ildcS’i^drc 
-called nebulous Stars; but fuch as only appear faintly 
in ctufters, in form of little lucid fpots, nebulie, or 
clouds. 

Ptolomy fete down five of fuch nebula, viz, one at 
the extremity of the right hand of.Pcrfeus, which ap- 
pears through the tclefcope, thick fctwitli Stais; one 
in / the middle of the crab, called, Prafepe^ or the 
Manger^ in which Galileo counted-^ above 40 Stars; 

unformed- the fting of the ^orpion; 

Another ifa the eye of Sagittarius, in which two 
Stars may be fecn in' a clear Iky with the naked 
eye, and fevefal more with 'tire tclefcope J and the 
fifth in the he^d of Orion, in which Galileo counted 2 1 
• iStars, ‘ 

IFlamfteed obferved a cloudy $tar before the bow of 
$a|d(tariu8, which confifts of a great number of fmall 
‘ 4tW»r and the Star</ above the right ftioutto df thll' 


ccmftetfatlon is encompafled with fcvml nwire, Tlam- 
‘jftecd and Cafllni alfo difeoVefed one between the great 
tmd little ilog, which is very full of Stars, that are vi- 
fible only by the tclefcope. s , 

But the moft remarkable of all the cloudy Stars, is that 
in the middle o\ Onon^ fword, in which Huygens ami 
Dr. Long i^bfmed 12 Stars, 7 of which (3 of them, 
now known to be being very clofe together)- feem to 
fiiine through i cloud, very lucid near the middle, but 
faint and ill defined about the edges. But thegreatcll 
difcoverics of nchulse and clufters of Stars, we owe to 
the powerful telefcopes of Dr. Hcrfchel, who has given 
accounts of fome thoufands of fuch nebulDe, in mauv 
of which the Stars feem to be innumerible, like grains 
of fand. See Philof. Tranf. 17H4, 1785, 17S6, i7r)9. 
See Galaxy, and Magellanic clouch^ and lucid 

St’OTS. 

Caffini is of opinion, that the brightnefs of thefe 
proceeds from Stars fo minute, as not to be diilingulfhed 
by the bell glaffes; and this opinion is fully contiimod 
by the obfervations of Dr. Herfchel, whofc poweifnl 
telefcopes fliew thofe lucid fpecks to be compofed cri- 
tirjly of maffes of fmall Stars, like heaps of fand. 

There are alfo many Stars which, though they ap- 
pear Tingle to the naked eye, are yet difeovered hytlu* 
tekfeope to be double, triple, &c. Of thefe, fevcial 
have been obferved byCaffnii, Hooke, Long, Ma(lvc> 
lyne, Hornfby, Pigott, Mayer, See ; but Dr. Hcif- 
chel has been much the moft fuccefsful in obfervations 
of this kind ; and his fuccefs has been chiefly owing to 
the very extraordinary magnifying pow’ers of the New- 
tonian 7 feet refleftor which he has ufed, and the ad- 
vantage of an excellent micrometer of his own conftruc- 
tion. The powers which he has ufed, have been 14^, 
227, 278, 460, 7^4, 932, ii(J9, 1536, 20fo, 3168, 
and even 6450. He has already formed a catalogue, 
containing 269 double Stars, 227 of which, as far an 
he knows, have not been noticed by any other peifon. 
Among thefe there arc alfq fome Stars that are treble, 
double-double, quadruple; double-treble, and multiple. 
His catalogue comprehends the names of the Stars, and 
the number in Flamftced^s catalogue, or fuch a dcfciip- 
tion of thofe that arc not contained in it, as will be 
found fufficicrit to diftinguifh them ; alfo the compara- 
tive fize of the Stars ; their colours as they appeared 
to his view ; their diftances determined in feverai diffe- 
rent ways ; their angle of pofition with regard to the 
parallel of declination; and the dates when he full 
perceived the Stars to be double, treble, &c. His ob- 
fervations appear to commence with the year 17761 
almoft all of them were made in the years I779» * 7 ^^' 
1781. 

Dr. Herfchel has diftributcd the double Stars con- 
tained (n his catalogue, into 6 diffir^nt claffes. In tnf 
firft he has placed all thofe which require* a very fupc* 
rior tclefcope, with the utmoft clearnefs of air, an 
every other favourable tircumftance, To be feen at a) , 
or Well enough to judge of them ; and there arc 24 n 
thefe. To the 2tl clafs belong all thpfe double Stars 
that are proper for eftimationa by th^cye, and very 
Ircate meafuyes by the microihettlt j the number being 

The 3d dais 'cbmprehends idi thofe double otaiSf 

tl;at are betweeh 5^' arid tt'^dyttder; the number 0 

theni b(!iBg 46. SiI»S 
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Actable «e from ij/'to 30", and from ioi» 

to l', and from I to 1 ' or more afunder j of which 
there are 4+ •" ‘be 4‘b clafs, 51 in the rth clafs and 

66 in the6th clafs; the laftV this claL-s « 

number 87 of Flamfteed, whofe apparent diameter 
upon the mcndian mcafured with a power of 460 
«t a mean of two obfervations i" 46'% and with a 
power of 93a at a mean of two obfervations i'' 12'" 
^ee the lill at large, Philofoph. Tranf, voL 7/ 
ait. II* * / > 

The Stars arc alfo diftingulfhed, i*u each conadlation, 
by numbers, or by the letters of the alphabet. This 
fort of diAinaion was introduced by John Bayer, in his 
Uranomctrja, 1654 ; where he denotes the Stars, in 
each conttcllation^, by the letters of the Greek alpha- 
bet, <», 7, I, viz, the moll remarkable 

vStar of each by «, the 2d by ft the 3d by y, &c ; 
and when there are more Stars in a conadlation than 
the charadlers in the Greek alphabet, he denotes the 
red, in their order, by the Roman letters A, b, c, d, 
&c. But as the number of the Stars, that have been 
obferved andrcgiacrcd in catalogues, fince Bayer^s time, 
13 greatly increafed, as by Flamltecd and others, the 
additional ones have been marked by the ordinal num- 
bcis I, 2, 3, 4, &c. 

The Number of Stars, The number of the Stars 
appears to be immenfdy great, almoa infinite j yet 
have aftronorners long fince afeertained the number of 
Inch as arc vifiblc to the eye, which are much fewer 
than at firil fight could be imagined. Sec Catalogue 
vf the Staru 

Of the 3^00 contained in Flamfteed’s catalogue, 
there are many that are only vifible through a tde- 
fcope; and a good eye fcarce ever fees more than a 
tlioufand at the fame time in the clearell heaven ; the 
appearance of innumerable more, that’are frequent in 
clear winter nights, arifing ‘from our fight’s being de- 
ceived by their twinkling, and from our viewing them 
confufedly, and not reducing them to any order. But 
iicverthdcfs we cannot but think the Stars are almoll, 

II not altogether, infinite. See Halley, on the number, 
order, and light of the fixed Stars, Philof. Tranf. nuin- 
ber 364, or Abr. vol. 6, pa. 148, 

Ri^ioli, in his New Almagcft, affirms, that a man 
who (hall fay there are above 20 thoufand times 20 
tnoufand, would fajr nothing improbable. For a good 
L ^ indifferently to almoft any point of 

difeovers multitudes that arc loll to the 
Baked eye ; particularly in the milky way, wliich feme 
take to an affemblage of Stars, too remote to be 
ecn fingly, but fo clofely difpofed as to* give a lurainoua 
^pearance to that part of the* heavens where they arc. 
od thjs has been confirmed by Herfchel’s ohlcr- 
thobgh it isdifputed by others, who contend 
cauf Way mull be owing to fome other 

In the fingle conflellation of the Pleiades, in (lead of 
* ^1* ^ ^arsfecn by the bell eye ; Dr. Hook, with 

» telefci^ 12 fe^t long, told 78, and with larger 
more, of different magnitudes 
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And 


F r more, ot Oinereiit magniiuaes. r^na 

• c Kheita affirms, that he has obferved above 2000 
ai.fk* con ftcllation of Orion, 7 ’hc fame 

iren I Pleiades. And Huy- 

^ V* ^ ^ ^ middle of Orion’s 


found 8oin the fpace of the belt of Orion’s fword, 
fnnti '’'bulons Star of his head, and above coo in 
dea^r r‘ ‘be compafs of one Jr two 

Prlfepe, ■ ‘b* nebulous Star 

kapprneJ In tht Stars arc 
^ change that is upon 
record, was about i:o years before Chrift j when Hip- 
parchus, difeovering a new Star to appear, was fir‘ft 
induced to make a catalogue of the Stars, that pofte- 
r,ty might perceive any future changes of the like na- 

In the year 157J, Cornellns Gemma and Tycho 
Brahe obferved another new Star in the conftellation 
Cainopcia, which was Iikcwife the occafion of Tvclio’s 
making a new catalogue. At firft its magnitude and 
brightncfs exceeded the larged of the Stars, Sirius and 
Lyta ; and even equalled tlie planet Venus when neareft 
the earth, and was feen 111 fair day-light. It continued 
lb months j towards the latter end of which it began 
to dwindle, and at length, in March 1574, it totally 
aifappcarcd, without any change of place in all that 
time. 

Lcoviaus tells us of another Star appearing in the 
lame conftellation, about the year 94 j, win’cli refcmbled 
that ot i5p ; and he quotes another ancient obferva- 
tion, bv whicli It appears that a new Star was feen 
about the fame place in 1264. Dr. Kell thinks thefe 
were all the l^ame Star j and indeed the periodical in- 
tcrvals, or diftance of time between thefe appearances, 
were nearly equal, being from 318 to 319 years; and 
It fo, Its next appearance may be expeded about 
1 090. 

Faibricius, in 1596, difeovered another new Star, 
called the>//j w/r^, or ivondcrful Star, in the neck of 
the whale, which has fince been found to appear and 
difappear periodically, 7 times in 6 years, continuing 
11) us grcatell lullrc for 13 days together ; and is never 
quite cxtinguilhed. Its courfc and motion are dcferibcd 
by Bulhald, in a treatife printed at Paris in 1667, 
Dr. Herfchcl has lately, viz, in the ycais 1777, 1778, 
^^ 779 > made fcveral obfervations on this 

iuar, an account of which may be feen in the Philof. 
Tranf. vol. 70, art. ar. 

In the year 1600, William janfen difeovered a 
changeable Star in the neck of the Swan, which gra- 
dually dccreafed till it became lb fmall as to be thought 
to difappear entirely, till the yeais 1657, 1658, and 
1659, when it regained its former lullrc and magni- 
tude; but foon decayed again, and is now of the 
fmalleft fizc. 

In the year 160 1, a new Star was feen by Kepler, 
and fevcral of his friends, near the liccl of the right 
foot of Serpentarius, which was paiticulaily bright and 
fparkling ; and it was obferved to be eveiy monxeut 
changing into fome of the colours of the rainhow, ex- 
cept when it is near the horizon, at which time it was 
pnerally white. It furpaffed Jupiter in magnitude, 
but was cafily dillinguiflicd from him, by the Heady 
light of the planet. It difappcaitd about the end of 
the year 1605, and has not been feen fince that 
time. 

Simon Marius difeovered another in Andromeda’s 
3 S girdle, 
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girdle, in t*6ii And '1613; though BuUiald fays it had 
Seen feen before, in the 15th century. 

In July 1670, Hcvelius difeovered a fccond changji- 
able Star in the Swan, which was fo diminlflied in 
0 £tober as to be fcarce perceptible. In April follow- 
ing it regained its former luftre, but wholly difappeared 
in Augull. In March 167a it was feen again, but ap- 
peared vei y fmall, and has not been vifible fince. 

In i 685 athird changeable Star was difcovei*ed by 
Kirchius in the Swan, viz, the Star ^ of tktit con- 
ftellation, which returned periodically in about 405 
days. 

In 1672 Caffinl faw a Star in the neck of the Bull, 
which he thought was not viliblc in Tycho’s time, nor 
when Bayer made bis figures. 

It is certain, from the old catalogues, that many 
of the ancient Stars aie not now vifrble. This 
has been partlculaily remarked witdi regaid to the 
ldeiade«. 

M. iMontaiiari, in hfs letter to the Royal Society 
in 1670, ubferves that there are now wanting in the 
htavenr. two Stars of the 2d magnitude*, in the Hern 
of tlie Hiip Argo, and itsyaid, which Itad been feen 
till the year i^'64. When they lirll difappeared is not 
known j but he affures us there was not the lead glimpfe 
of them In 166S. He adds, he ha^ obferved nuiny 
moie* changes in tlie Hxed Stars, even -to the num- 
ber of a hundred. And many other changes of 
the Stars have* been noticed by Cailini, Maraldi, 
and other obfervers. Sec Gregory’s Allron. lib, 2, 
prop. 30, 

But the greateft numbers of variable Stats have been 
obferved of late years, and the mod accurate obferva- 
tions made on their periods, &c, by Herfche), Good* 
ricke, Pigott, &X', in the late volumes of the Philof, 
IVanf. particularly in the vol. for 1786, where the laft 
of thefe gentlemen has given a catalogue of all that 
have been hitherto obfeived, with accounts of the ob- 
fervations that have been made upon them. 

Various hypothefes have been devifed to account for 
fuch changes and appearances in the Stars. It is not 
piobablc they could be comets, as they had no paral- 
lax, even when largcft ard blighted. It has been 
fuppofed that the periodical Stars have vaft dark 
fpots, or daik fides, and very flow rotations on their 
axes, by which means they mud difappear when the 
darker fide Is turned towards us. And as for thofe 
which break out fuddenly with fuch hiftrc, theft?' may 
perhaps be funs who'e fuel is almod fpent, and again 
fupplied by fome of their comets falling upon them, 
and occafioulug an uncommon blaze and fplendor for 
fome time ; which it is conjeaured may be one ufe of 
the cometary part of our fyftem. 

Mauperiujp, in his Differtation on the ffgurcs of the 
Celcilial Bodies (pa. 61 — 63), is of opinion that fome 
Stars, by their prodigious fwift rotation on their axes,, 
may not only alTume the figures of oblate fpheroids,. 
but that by the great centrifugal force arifing from fuch 
ixitations, they may become of the figures of mill-ftonfes, 
or be reduced to flat circular planes, fo thiri fb;bc 
4|uite invlliblc when their edges arc turned towaVdi u's^. 
as Saturn’s ring is in fuch pofition^ But when very’ 
fcccntric planets or comets go round any flat Star SA' 
fttbiu couch inclined to its equator, the attradion of 


the plfihcts 6r domets in their perihelion# nnjll alter the 
inclination of the axis of that Star ; on which account 
it will appear more or lef# IJtrge and luminous, as iti- 
broad fide is more or left turned towards us. And thu# 
he imagined we may account for the apparent changes 
of magnitude and luifrc of thofe Stars, and alfo for 
their appearing and dlfappearing. 

. Hcvelius apprehends (Cometograph. pa. 380), that 
the Sun and Stars are furrounded with atmofpheres, 
and that by whirling round their axes with great rapidity, 
they throw off great quantities of matter into thofe' at- 
molpheres, and fo caiife great changes in them ; and 
that thus it may come to jwfs that a Star, which, when 
us atmofphcre is clear, fliinesout with gieat lullre, may 
at another time, when it is full of clouds and thick 
vapour?, appear greatly diminlfhcd in briglitncfs and 
magnitude, cr even become, quite invlfible. 

Nafure of th? j^avy/ Stars, d'he immenfe difiance 
of the Stars leaves us greatly at a lofs about the nature 
of them. What we can gather for certain from their 
phenomena^ is as follows : 

' ill. That llie fixed Stars are greater than our caith : 
bi‘C'<mfe if lliat was not the cafe, they could nut be 
vifible at fuch an immenfe diitance. 

2nd, The fixed Stais are fatther diftant fiom the 
eaith tha’n the farthell of the planets. For we fie- 
qiiently find' the fixed Stars hid behind the body ot the 
planets : and befides, they have no parallax, which the 
planets have. 

3id, The fixed Stars fliine with their own light ; 
for they are much farther from the Sun than Saturn, 
and appear .uuch fmaller than Saturn ; but fince, not- 
wnthftanding this, they arc found to (bine miK:h brij^httr 
than tint planet, it is evident they cannot borrow iheir 
light from the fame fource as Saturn doe^, vi/, the 
Sun ; but fince we know of no other luminous boily 
befidc the Sun, whence they might derive their light, 
it follows that they fhine with their own native light. 

Befides, it is known, that the more a telefcope 
magnifies, the lefs is the aperture through which tlu- 
Star is feen } and confiquently, the fewer rays it ad- 
mits into the eye. Now fince the Stars appear Icfs m a 
ttl^fcope which magnifies two hundred times, than they 
do ta the naked eye, infomuch that they feem to be 
only indivifible points, it proves at once that the Stars 
arc at immenfe diftances from us, and that they Hunf 
by their own proper light. If they fhone by borrowed 
light,’ they would be as invilible without telefcopes as 
the fatellifed of Jupiter arej for the fatellkes appear 
larger when vlewca with a good tclefcope than the 
largcil fixed Stars do. 

Hence, 

1. We deduce, that the fixed Stars are fo many 
funs; for they have all itie characters of funs. 

2. That in all probability the Stars are not fmalk’^ 
than our fun. 

3. That it is highly probable each 'Star is the centre 
of a fyftem, and has planets or earths revolving rou’’^ 
it, irr the fame number as round our* fun, i. c. 
opake bddiesf illuminated, 'warmed, and cheriibed by 
its light and' heat. As we have Incomparably nior® 
light from, the rtioon than from bli the Stars' togetner,- 
It is abfurd to imagine that the Stars Vvere made 
other piirpofe thbn to call a faint Kght upbn the 
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^fpecrtUy fince mUay more require the afifidancc of a 
good telefcopf tq find them out, than arc vihhle without 
that inftrument. Our fun is iurrounded by a fyftem ot 
planets ani cornet** all which would be invihble from 
the neareft fixed Star ; and from what wc already know 
of the iinn^enfe diftaiice of the Stais, it is eafy to pjove, 
that ll'.c fuu, fecn from fuch a diftance, woi^ld appear 
no laig'-J* than a Star of the firft magnitude. 

From all this it i$ highly probable, that each Star is 
a fun to a fyllcm of worlds moving round it, though 
urfeen by us ; efpccially as the dodriae of a pluraliiy 
of worlds is. rational, and greatly manifeAs the iH)wcr, 
the wifdom, and the goodnels of the gieat creatoi. 

How immenfe, then, does the univeife appear! In- 
deed, it muA either be infinite, or infinitely near it. 

Kepler, it is true, denies tliat each Star can have its 
fyllem of planets as outs has ; and takes them all to be 
fixed in the fame. fui face or fphere ; urging, that were 
one twice or thrice as remote as another, it would he 
twice or thrice as fmall, fuppofing their real magnitudts 
equal ; wlicrcas there is no difFerencc m their apparent 
magnitudes, juOly ublcrved, at all. 13 ut to this it is 
opjjofed, that Huygens has not only ihewn, tliat fiies 
and flames arc vjible at diilances wlieic other bodies, 
comprehended under equal angles, dilappear ; hut it 
fliould hkewlfe feem, that the optic tlicorcm about the 
apparent diameters of objeds, being reciprocally pio- 
jmrlional totheii dillanccs from the eye, docs only ludd 
while the c.bjed lias fonie fenlible ratio to its dilbnet. 

A.s for periodical 8tars, &c. fee Changls, Uc of 
Stars^ fupra. 

l\iutian of (he Stars. The fixed Stars have two 
kinds of appaicnt motion ; one called the cawmorty 
01 diuvnal moliQUy ai iling from the eaillds motion round 
if i» axis : by this they fecm to be canied along with the 
fphtre or firmament , in wditch they apjfeai fixed, round 
the earth, from eaft to well, in the fpacc of 24 hours. 

The other, called the fcondy ov propirmoti'.rty is that 
by which they appear to go backwards from util to 
eaA, round the poles of the ecliptic, with an exceeding 
flow motion, -as deferibing a degree of their ciicle only 
in the fpace of 714 years, or 5:0 j feconds in a year. 
Tin*# apparent motion is owing to the recefiion of the 
cqulnodijil points, which is 50$ fcconds of a degree in 
a year backward, or contrary to the ordei of tlic figns 
of the zodiac. 

In confiqnencc of this fecond motion, the longitude 
of the Stars will be always increafir.g. Thus, forex- 
3 niplc, the longitude of Cor / .corns was found at dif- 
fcfcnt periodis, to be as follows ; viz. 



7 'ear. 

Lcri^. 

By Ptolomy, in - - • 

138- 

to be 

30 

By the Perfians, in - 

1115 

. 17 

30 

By Alphonfii*?, in • - 

1364 

... 20 

40 

By Prince of Hcfle, in 

13116 

... 24 

11 

By Tycho, in - - - 

]6oi 

... 24 

17 

By’Flamfifec^/im - - 

1690 

. . - 25 

3 *t 


Whence the proper motion of the Stars, according to 
Jhe Older of (he fign*, In circles parallel to the ecliptic, 
,*«eafily ip|crred. 

)t wag Hipparchus who firft fufpt£lcd this motion, 
J^ni comparing Kis own obfervations with tbofe of 
Ai^fiylliw. f tolomy, who Jived three 


centuries after Hipparchus, demonftrated the fame by 
undeniable arguments. 

The increafe of longitude in a century, as flaU’d 
diflerent aAronomeis, is as follows : 

By Tycho Buhe - • - - i® 25' 

Copt miens 1 

k i.inillcctl and RIcclt)li l 2’^ lO 

^ flh‘dd 1 2 -\. 51. 

Hcvflii’s I 2 ^ ^65. 

Dr. Bradley, kc, * * t ^3 5$ 

which is at the rale (d 50] feconds per year. 

kioin tliefe data, llie inercafe in the longitude of a 
Srar fhr any given time, is eafily liad, and thence its 
longitude at any'’ time : ex. gr. the longitude of Sirius, 
In l landlettrs tables, for the year 169a, being (f 41/ 
C, its longitude for tbc year 1 Hoo, is found by niiiR 
tiplying tlie inteival of time, vi/., 1 10 years, by ^o]t 
the ptodud ^937'', or 1° 32' added to the 

given ioiigiiiule • - - - 9 .^9 i 

gives tlie longitude - - ii 21 18 for the year 1800. 

I'lie chief phenomena of tbc fixed Stais, ai Iling from 
their common and proper motion, beficks tlieir b)!!,;!* 
lude, aiC their altitudes, liglit afiviifions, dedliMlioiia, 
occultations, culnn’nalions, ilfings, and letllngs. 

Some have fujipoftd tliat the laliliules of the Stars 
arc iiivaii.ilflc. But this riipj)ofition is foutuleJ on two 
aflumptions, which me both contro.vdtcd among allro- 
nomtis. 1 lie one of tliefcis, tliat the orbit of the eat lb 
continues unalterably in the fame plane, and confe- 
quently that the ecliptic is invaiiablc ; the contrary of 
which i.s now very generally allowed. 

I'hc other affumption is, that the Stars ate fo fixed 
as to keep their places immoveably. Ptolomy, Tycho, 
and otheis, conipaiing tlicir obfervations with thofe of 
the ancient aflionnmeis, have adopted tliis opinion. 
But from the refult of the comparifon of our hell mo- 
dem ohfiivations, with fuch as were formerly made 
with any tolerable degiec of exndncfs, tliere appears to 
Iiavc been a real change in tbc pofillon of fomc of tbc 
fixed vStav*, with refped to each otber ; and fcvotal 
Siais of tbc firA magnitude have already been obfeived, 
and others fufpeded to have a proper motion of tlicir 
own. 

Dr. Halley (Pbilof. Tranf. number 359, or A hr, 
V0I. 4, !>• 22O obferved, that the three following 
Stais, the BulBs eye, Sirius, and Ardurus, arc rtow 
found to be above half a degree more fouthcrly than 
the ancients reckoned them : that this difference carf- 
iiot aiifc from theeriors of the tranfi rihers, bccaufc the 
declinations of the Stars, fet down by Ptoloiny, as oh- 
ferved by Timpeharis, Hipparchus, and hlmlelf, fhew 
their latitudi^ given by hilp'are fuch as thofe ‘Author! 
intended ; and it is fcarce to be believed that tliofe thre'e 
obfervers could be deceived' in fo plain a matter. To 
this he adds, that the bright Star in the fliouldtr of 
Orion lias, in Ptolomy, almoA a wlioUt degree more 
foutherly latitude than at prefent : that an ancient. ob- 
fervation, made at Athuis in the year 509, asBulliald 
.fuppofcf, of an appulle of the moon, to the BulBs eye, 
/hews that Star to have bad lefs latitude at that fi'me 
than it now has : that as to Sirius, it apjpear* by Tycho's 
obfcrvaiionp, that he found him 4^ more northerly 
j $ z 
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than he is at this time. All tbcTe obrenrations, com- 
pared together, feem to favour an opinion, that fome 
of the Stars have a proper motion of their own, which 
changes their places in the fpherc of heaven : this change 
of place, as Dr. Halley oWerves, may (hew ifefelf in fo 
long a lime as 1800 years, though it be entirely im- 
perceptible in the fpace of one hngle century ; and it is 
likely to be fooneft difeovered in fuch Stars as thofe 
juft now mentioned ; liccaufe they are all of the full 
magnitude, and may, therefore, probably be fome of 
the neareft to our folar Syftem. Ar^luius, in parti- 
•fular, aft'ords a ftrong proof of this: for if Its prefent 
dtclluatiqu be compared with its place, as determined 
eithtrby Tycho or Flamfteed, the difference will be 
found to be much greater than what can be fufpcdled 
to arlfc from the uncertainty of their obfervations. See 
Akcturus, and Mr. Hornloy’s enquiry into the quan- 
tity and dire<$lion of the proper motion of Ar£iuru8, 
Phil. Tranf. vol. 63, part i, pa. 93, kc» 

I’or an account of Dr. Bradley's obfervations, fee 
the fcquel of this article. 

Dr. Hcrfchel has alfo lately obferved, that the dif- 
tance of the two Stars forming the double Star y 
Draconls, is 54'^ 48'^', and their pofition 44® I9' N. 
preceding. Whereas, from the right afcenfion and de- 
clination of thefe Stars in Flamfteed’s catalogue, their 
diftance, in his time, appears to have been 1' n'' *418, 
and their pofition 44® 23' N. preceding. Hence he 
infers, that as the difference in the diftance of thefe 
two Stars is fo confidcrablc, we can hardly account for 
it, otherwife than by admitting a proper motion in one 
or the other of the Stars, or in our folar fyftem : moft 
probably he fays, neither of the three Is at reft. He 
alfo fnfpcfls a proper motion in one of the double Stars, 
in Cauda Lyncis Media, and in 0 Ccti, Phil. Tranf. 
vol. 72, part I, p. 117, 143, 150. 

It is rcafonable to eape^l, that other inftances of the 
like kind muft alfo occur among the great number of 
vifible Stars, becaufc their relative pofitions may be 
altered by various means. For if our own folar fyftem 
be conceived to change its place with refped to abfolute 
fpace, this might, in procefs of lime, occafion an ap- 
parent change ill the angular diftances of the fixed Stars; 
and in fuch a cafe, the places of the neareft Stars being 
more affe^^ed than of thofe that are very remote, their 
relative pofition might feem to alter, though the Stars 
themfelves were really immoveable ; and vice verfa, we 
may furmife, from the obferved motion of the Stars, 
that our fan, with all its planets and comets, may have 
a motion towards fome particular part of the heavens, 
on acct'unt of a greater quantity of matter colle£led in 
a nutnber of Stars and their funouuding planets there 
fituafed, which may perhaps occafion a gravitation of 
our whole folar fyftem towards it. n this furmife 
fhoiftd Irave any foundation, as Dr. Hcrfchel obferves, 
ubi fbpra, p. 103, it .will (hew it(elf in a feries of fome 
ycafs; fince from that motion there will arife another 
kind of hitherto unknown pamllax (fuggefted by Mr. 
Mlchell, Plulof. Tranf. vol. 57, p, 252), the invefti- 
gation of which may account for fome p^ of the 
motions already obferved in fome of the principal Stars; 
and for the purpofe of dettimming the dire^^ion and 
quantity of mch a motion, accurate obfervations of the 
^ftance of Stars^ that arc near enough iQ be meafured 
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with I micrometer, and a veryhigh power of telcfcope^ 
may be of confiderable ufe, as they wiH undoubtedly 
give US the relative places of thofe Stars to a much 
greater degree of accuracy than they can be had by in- 
Itruments or feftors, and thereby much fooner enable 
ns to difeover any apparent change in their frtuation, 
occafioned by this new kind of fecuhr or fyftematical 
parallax, if we may fo exprefs the change arifing from 
the motion of the whole War fyftem. 

And, on the other hand, ifour fyftem beat reft, and 
any of the Stars realty rn motion, this might likewifc 
vary their apparent pofitions ; and the more fo, the 
nearer they are to us, or the fwifter their motions are ; 
or the more proper the direAfon of the motion is to 
be rendered perceptible by us. Since then the relative 
places of the Stars may be changed from fuch a variety 
of caufcB, confidering the amazing diftance at which it 
is certain fome of them are placed, it may require tlie 
obfervations of many ages to determine the laws of the 
apparent changes, even of a fmgic Star ; much mote 
dinicult, therefore, muft it be to fettle the laws relating 
to all the moft remarkable Stars. 

When the caufes which affeft the places of all the 
Stars in general are known ; fuch as the preccffior, 
aberration, and nutation, it may be of fingular ufe to 
examine hicery the relative fitiiations of paiticular Stars, 
and efpecinlly of thofe of the greateft luftre, which, it 
may be prefumed, lie neareft to us, and may thercfoie 
be fubjeft to moie fenfible changes, either from their 
own motion, or from that of our fyftem. And if, at 
the fame tim? the brighter Stars are compared with 
each other, we llkewife determine the relative pofitions 
of fome of the fmallcft that appear near them, whofc 
places can be afeertained with fufficient exadlnefs, we 
may perhaps be able to judge to what caufe the change, 
if any be obfervable, is owing. The uncertainty that 
we are at prefent under, with refpeft to the degree of 
accuracy with which former aftronomers could obferve, 
makes us unable to determine fevcral things relating to 
this fubjeft ; but the improvements, which have of 
late years been made in the methods of taking the places 
of the heavenly bodies, are fo great, that a few years 
may hereafter be fufficient to fettle fome points, which 
cannot now be fettled y by comparing even the earlkft 
obfervations with thofe of the prefent age 

Dr. Hook communicated fevcral obfervations on tlie 
apparent motions of the fixed Stars; and as this was 
a matter of great importance in affronomy, fevcral of 
the learned 'were defirous of vitrifying and confirming 
his obfervations. An inftrument was accordingly con- 
trived by Mr. George Graham, and executed with 
furprifing exstdryefs. 

With this inftrument the Star y, in the conftellation 
Draco^ was frequently obferved by Meffrs. Molyneux, 
Bradley, and Graham, in the years 1725, **7 

the oblervationa were afterwards repeated by D>*. Brto* 
ley with an inllrumcot contrived by^ the fame ingcn‘0“* 
perfon, Mr. Qr^ham, and fo exa^, that it 
depended on to half a fecond. The refiilt of thec 
'obfervations iras, that the St'af did not always 
in the fame place, but tliat its diftance from the zcni 
varied, and tnat the difference of the apparent pwc 
amounted to 21 or 2 i ftconds. Similar obfervatio 
Were ma^ <m other Stars, <iOd alike apparent 
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was found III them, proportional to the latitude of the 
Star. This motion was by no means fuch as was to 
have been expefted, as the efFeft of a parallax, and it 
was fome time before any way could be found of ac- 
counting for this new phenornenon. At length Ur. 
Bradley refolved all its variety, in a fatislii^tory manner, 
by the motion of light and the motion of the earth 
compounded together. See Light, and Phil. Tranf, 
No. 406, p. 364, or Abr. vol. vi, p. I49, &c. 

Our excellent ailronomer, Dr. Bradley, had no 
fooner difeovered the caufe, and fettled the laws of 
aberration of the fixed Stars, than his attention was 
again excited by another new phenomenon, vi/, an 
annual change of declination in fome of the fixed St irs, 
which appeared to be fcnfibly greater than a prccefTioii 
of the equino<Slial points of 50'^ in a year, the mean 
quantity now ufually allowed by afironomers, would 
have occafioned. 

This apparent change of declination was obferved in 
the Stars near the eqiiinoftial colure, and there appear- 
ing at the fame time an effe£l of a quite contrary nature, 
in fome Stars near the folflitial colure, which leemed 
to alter their declination lefs than a preceffion of 50'' 
required. Dr. Bradley was thereby convinced, that all 
llie phenomena in the different Stars could not he ac- 
counted for merely by fuppofing that he had afiiimcd a 
wrong quantity for the prccelflon of the cquino£lial 
points. He had alfo, after many trials, fulficient rcafon 
to conclude, that thefe fccond unexpected deviations of 
the Stars were not owing to any impcrfcftlon of his 
iiiftiuments. At length, from repeated obfervations he 
began to guefs at the real caufe of thefe phenomena. 

It appeared from the Doctor’s obfervations, during 
his refidence at Wanfied, from the year 1727 to 173a, 
that fome of the Stars near the folftitial cidurc had 
changed their declinations 9'^ or Itfa than a pre- 
ceffion of 50^ would have produced ; and, at ihe fame 
time, that others near the cquIno6llal colure had altered 
theirs about the fame quantity more than a like prcceffijii 
would have occafioned : the north pole of the equator 
Teeming to have approached the Stars, which come to 
the meridian with the fun about the vernal equinox, 
and the winter folftlce ; and to have receded from thofe, 
which come to the meridian with the fun about the 
autumnal equinox and the fummer fulllice. 

From the confideiation of thefe circumfianccs, and 
the lituation of the afeending node of the moon’s 01 bit 
when he firft began to make his obfervations, he fuf- 
petted that the moon’s aftion upon the equatorial parts 
oI the earth might produce thefe elfeds. 

For if the preceflion of the cquiiKix be, according to 
Str Ifaac Newton’s principles, cauftd by the atlions of 
the Am and moon upon tnofc pai ts ; the plane of the 
moon’s orbit being, at one time, above 10 degrees more 
inclined to the plane of the equator than at another, 
*t was reafonable to conclude, that the part of the 
whole annual preceflion, which arifes from her a^ion, 
would, in dilkrent years, be varied in its quantity ; 
whereas the plane of the ecliptic, in which the fun 
sppears, keeping always nearly the fame inclination to 
the equator, that part of the preceflion, which is owing 
to the fun’s adion, may be the fame every year ; and 
from hence, it would follow, that although the mean 
^tmual'pi^effiouj, proceeding from the joint adions of 


the fun and moon, were ^0"; yet the apparent annii. f 
preceflion might ibmctiines exceed, and lomctinies fall 
fhort of that mean quantity, according to the various 
fituations of the nodes of the moon’s urbit. 

In the year 1727, the moon's afeending node W'as 
near the beginning of Aries, and confequcntly her orbit 
was as much inclined to the equator as it can at any 
time hr; and then the apparent annual preceflion was 
found, by the Dodor’s firfl year’s obfervations, to be 
greater than the mean; which proved. -that the Stars- 
near the equinodial colure, whole declinations areino/t 
of all aflccled by the preceflion, had changed theirs, 
above a tenth part more than a pieccflion of 50" would 
have caufed. The fuccceding year’s obfervations proved 
the fame thing; and, in three or four years* time, the 
difference hccame fo confidcrablc as to leavt no room 
to fufped it was owing to any imperfedion cither of 
the iniirumentor obfervation. 

But fome of the Stars, that were near the foKlitiaB 
colure, having appeared to move, during the fame time, 
in a manner contrary to what they ought to have done, 
by an increafe of the preceflion ; and the deviations in 
them being as remaikable as in the others, it was evident 
that fomething more than a mere change in the quan- 
tity of the preceflion would be requifilc to folvc this 
part of the phenomenon. Upon comparing the obfer- 
vations of Stars near the folflitial crliire, that were 
almoft oppofite to each other in right afeenfion, they 
were found to be equally aff< ded by this caufe. For 
whilft y Draconis appeared to have moved northward, 
the fmall Star, which is the 351^^ Camelopardali Hevelii, 
in the Bn’tifh catalogue, feemed to have gone as much 
towards tlie fouth ; which flrewed, that this apparent 
motion in both ihofe Stars might proceed from a nuta- 
tion of the earth’s axis ; whereas the comparilon of the 
Dodor’s obfervations of the fame Stars formerly cn.ibled 
him to draw a difTercnt conclufion, wiili refped to the 
caufe of the annual aberrations arifing fiom the motion 
of light. For the apparent alteration in 7 Draconis, 
from that caufe, being as large again as in the other 
fmall Star, pioved, that that did not proceed fiom a 
nutation of the caith’s axis; as, on tiie contrary, this, 
may. 

Upon making the like comparifon between the ob- 
fervations of other Stars, that lie ncaily oppolitc in. 
right afeenfion, whatever their fituations were with 
rcipcd to the cardinal points of the equator, it ap- 
peared, that their change of declination was neatly 
equal, but contrary ; and fuch as a nutation or motion 
ot the earth’s axis would effed. 

The moon’s afeending node being got back towards 
the beginning of Capiicorfl in the year 1732, the 
Stars near the cqulnottial colure appeared about thac 
time to change their declinations no more than a pre- 
ceflion of 50^' required ; wlnlfl fome of tliofc near the 
(olflitial colure altered theirs above: " in a year lefs lhar> 
they ought. Soon after the annual change of declina- 
tion of the former was perceived to be diminifhed, fa 
as to become lefs than 50'' of preceflion would caufe? 
and it continued to diminifh till the year 173^^ wheit 
the moon’s afeending node was about the beginning of 
Libra, artd her orWt h.id the lead inclination to the 
equator. But by this time, fome of the Stars near 
the folflitial colure had altered their declinations 18'^ 

Itfa 
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lef§ fi.ncc tlic rear 1727, than they ought to have done 
from a preccfilou of For y Praconig, which in 

ihofe 9 ytari. would have gone about H'^morcfoutherlv, 
was obhivedi iu t'/36, to appear 10" more northtrly 
than it did in thcyfar 1727. 

As tliig appearance in y Draconic indicated a dimi- 
nution of ihc inclination of the caith’g axis to the plane 
of the ecliptic, and as ftvcriil allionomers liave lup- 
pofed that inclinatitni to iiiminifh , regularly ; if this 
phemnnenon depend upon i\jch a eaule and amounted 
to \^" in 9 yt.iiF, the obliquity of the ecliptic would, 
at tlnit rale, alier a whole minute in 30 years; which 
is much fader ihan any obfervations belore made would 
allow, Tnc Dodor had theixfore rtafon to tliink, that 
iome part of this motion at lead, if not the whole, was 
owing to the inuon'b action on the equatorial parts of 
the tait-h, which he conceived might caule a libratory 
motion of the earth's axis. But as he was unable to 
judge, front mdy 9 years observation, whether the 
axis wHHild entirely recover the fame poiiliou that it had 
in the year 1727, he- found it mcef'aiy to continue his 
obfervations thiongh a w|u)le period of the moon’s 
rodvS'} at tlie end of which he bad the fatisfadion to 
fee, that the Stais retuiucd into the f,ime pofitions 
again, as if there had been no alteration at all in the 
inclination of the earth’s axis ; which fully convinced 
him, that he had gnelTt'd ligluly as to the caufe of the 
phenomenon. 'This circumilance prgves likewife, that 
I’f theie be a gradual diminution of the obliquity of the 
ccliptic^t it( does not arife only from au alteration in the 
polition of the earth’s axis, but rather from fome change 
in the plane of the ecliptic itfelf ; becaiifc the Stars, at 
the cmd pf the period of the moon’s nodes, appeared in 
the fame places, with refpe^l to the equator, as t)icy 
ought to have done if the earth’s axis had retained the 
fame inclination to an invariable plane. 

The Doidor having communicated thefe obferva- 
tions, and his fulpiuon of their caufe, to the late Mr. 
Machii), that excellent geometiician foon after fent 
him a table, containing ihc quantity of the annual pre- 
cefiion in the various politions of the moon’s nodes, aa 
nlfo the conefponding nutations of the earth’s axis; 
wliich was computed upon the fnppofition that the 
mean annual preceffion is qo'', and that the whole is 
governed by the pole of the mounts orbit only; and 
therefore Mr. Macliin imagined, that the numbers in 
the table would be too large, as, in fa£f, they were 
found to be. But it appeared that the changes which 
J[)r. Bradley had obferveil, both in tlte annual prectlfion 
and nutation, kept the fame law, as to incteafing and 
decre-iiiHg, with the numbers of Mr. Machin’s table. 
Tbofc were calculated on the fuppolition, that the pole 
9f the equator, during a period of the mtxrn’s nodes, 
moved round in the periphery of a little circle, whofe 
centie was 23° 29^ diftant from the pole of the ecliptic; 
having itfelf alfo an angular motion of 50'' in a year 
about the fame pole,. The north pole of the equator 
was conceived to be in that part of the fmall circle 
which is fartheft from the north pole of the ecliptic 
at the fame time when the moon’s afeending node is in 
the beginning of Aries ; and in the oppolitc point of 
it, when the fame node is* in Libra. 


If the diameter of the little circle, in which the pole 
of the equator moves, be fuppofed equal. to >''hich 

is the w'holc quantity of the nutaiion, as colledcd from 
Dr. Bradley’s obfervations of the Star y Draconis, then 
all the phenomena of the fcveral Stars which he ob* 
ferved will be very nearly folvcd by this hypotlulis. 
But for the particulars of his folution, and llie applica. 
tioii of his theory to the praf^iceof aftronomy, w^e muff 
refer to the excellent author himfclf ; our intention 
iiig only to give the biftory of the invention. 

'I he corredtious arifing from the aberration of light, 
and from the nutation of the eaith’s axis, mull: not he 
neglccled in ailronomical obfervations ; fmee fnch njg. 
kds might produce etrors of near a minute in the polar 
ddlance of fome Stars. 

As to the allowance to be made for the aberratioa 
of light, Dr. Bradley affates up, that liaving again ex- 
amined thofe of his own obfeivaticu s, wlu\h were mull 
proper to detei mine the tiauiverle axis of the elliplis, 
which each jStar feems to deferibe, he found it to he 
neaidft to and this is the numbei he makes ufeuf 
in his computations relating to the nutallt'n. 

Dr. Biailley fays, in general, that experience lias 
taught him, that the obleivations of fnch Stais as lie 
neared the zenith, generally agree bed with one anothci, 
and are theiefoie fitted to piove the truth of any liy. 
pothefis. Phil. '('ranf. K°. 485, vol. 45, p. i, <5^c. 

Monficur d’Aleinbcit baa puhliflicd a tieatife, m- 
titled, Rccherches fur la Piecefilon des Equlnuxes, et fur 
la Nutation de la Terre dans le Sydeme Ncwumieri, 
4to. Pans, 1749. The calcnlaiions of this leatncJ 
gentleman agree in general witli Dr. Bradlc) ’s ob'ci- 
vations. But Monfieur d’Alembert finds, th<it the pule 
of the equator deferibes an ellipiis in the heavens, the 
ratio of whofe axes is that of 4 to 3 ; whereas, ai - 
cording to Dr. Bradley, the curve delcribed is either 
a circle or an ellipfis, the ratio of w hofe axes is as 9 to S, 
The feveral Stars in each conllellatlon, as in'i'aurus, 
Bootes, Hercules, &:c, fee under the proper article of 
each condellation, Taurus, Bootcs, HtacuLCs, 
&c. , ' 

To learn to know the fcveral fixed Stars by the globe, 
fee Gloce. 

The parallax and didance of the fixed Stars, de 
under Parallax and Distance, 

Circumpolar Stars. See Circumpolar* 
il/or«;;/^ Star. See Morning. 

Place of a Star. See Place, 

Pol Star. See Pole. 

TwlulUng of the Stars. See Twinkling. 
Unformed StaRs. See Informes. 

The following two catalogues of Stars are taken from 
Dr. Zach’s Tabulae Motiium Solis&c, and are adapted 
to the beginning of the year i8oq. The former contains 
381 Stars, (hewing their names and Bayer’s mark, then- 
magnitude, declination, and right afcenfion, both m 
time and in arcs or degrees of a great circle, with the 
annual variations of the fame. And the latter contains 
162 principal Stars, (hewing their declinations to 
conds of a degree, with their annual variations. Tw 
'-explanations arc fuficiently clew from the titles of tbs 
columns. 
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A CATAtOCJtfR of the moji remarkaHe Fixed Stars* wUh tLur MagntfuJei, Right Afccnjtont^ 

" DeeHnaiiont and Annual Kariaiiont^ for tin Bfgmmng of the Year 1800. 

Names and Charac- » Right Afcenf. Right Afemfum J.mual IVdmation I Annual 

of c in v^tiat. ill degrees V.nut. North and Vanat. 

Surs tcis pf the Stais. in time. I 



6 » Cafliopcte 

7 |3 Ccti 

8 9} CafliopcK 

9 ^ Pifciijtn 

10 y CafliopccE 

11 e Pi ft i urn 

12 0 Andiomedx 

13 $ Cafliopcac 

14 i Pifciiim 

15 ^ CuffiopcK 

1 6 fx Piftium 

17 ir Pifciuni 

18 » Piicium 

19 0 Piicium 

20 f CaflIopetE 


2 1 ^ Ccti 

-2 ot Triang. Bor. 

23 y Aiittis 

24 ^Aiietis 
2) A Arletis 

26 y ADdromed'je 

27 % prccecl. «Y 

28 a Arietis 

29 * leq. a- Y 

30 $1 Arktis 

31 0 Ccti (Variab.) 

32 TT^Arictils ' 

33 IT Arietia 

34 ^ Ccti 

35 « Ccti ' 

36 y Cell 

37 . ’r Ccti 

38 Y Lilil Bor.' 

39 Y Lilli Auft. 

40 p* Arietis 

4 * Arietis* 

4 ^ n Erldatii * 

43 » ArietU 

44 V Perfei 
4 ? a. Ceti 


o 256*79 3 063 

o 5 3'059 

o 21 45*12 3*301 

® 25 53*93 3*262 

o 28 39*02 3 *i 6 i 

o 2 ) 14*40 3*31 1 

o 33 31 *83 3 001 

37 I ‘44 3 ‘ 3^9 

o 38 10 08 3*003 

44 44*75 3*505 

o 52 33*95 3*103 

o s 8 34*23 3*297 

0 59 0*22 3*531 

1 3 i 6*99 3*109 

1 12 50 58 3*761 

I 19 42*07 3*108 

I 30 30*70 3*164 

I 1*77 3*107 

1 34 50*7^ 3 *M 4 

I 40 10*01 4*155 


i 41 36*69 2*953 

i 41 42*74 3*379 

I 42 34*52 3*^58 

I 45 3^-'*77 3*'77 

I 46 48*86 3*315 

I 51 41*05 3*615 
I 50 26* 15 • * *• 

I 55 55*27 3*335 

1 59 3^*13 * * * 

2 7 1*^4 

2 9 14*70 3*019 

2 38 9*29 3*321 

2 40 28*09 3*285 

2 29 14*17 3 'o^^o 

2 29 53*42 2*884 

2 32 57*18 3*102 

2 34 36*02 2*849 

2 35 57*70 3*521 

2 3 ^ 14*43 3 * 4^^'9 

2 44 35*^15 3*344 

2 45 9*35 3 ’ 3 P 

2 46 39*72 2*917 

2 47 4^*01 3*401 

2 50 24*42 4*250 

2 51 50*07 3 *IICy 


o 44 11*85 45*95 

2 18 22*60 45*^9 

5 26 i6*75 49*51 

6 28 29*01 4^*93 

7 9 45*31 47 ' 4 ^ 

7 18 3^*95 49*66 

8 22 57*40 45 01 

9 15 21*64 50*83 

9 34 46*15 4^^ ‘39 

II ii 11*29 5^'5^ 

13 8 2y*20 46*55 

1*1 31^ 33*38 49*46 

14 45 3*33 

15 49 1480 4 6’^^3 

18 12 38*70 

19 55 31*07 4662 

22 37 40*56 47*4^^ 

22 45 26*62 46-61 

23 42 40*84 47 * 1 ^ 

25 2 30*13 62*33 


25 24 10*33 44*30 

25 25 41*15 5068 

25 3 '"^ 37*7 5 4^*87 

25 54 1 1*48 49*1 5 

26 42 12*83 49*73 

27 55 15*76 54**J3 

27 36 32*25 • * * 

28 j 8 ii 9'05 50'02 

29 54 3 ‘'95 ■ ■ ■ 

31 45 24 - 5 i- 

32 18 40*50 45*29 

V) 32 19*32 49 ^1 

40 7 1*39 49 *^« 
37 18 32*54 45*90 

37 28 21*37 43*27 

38 14 17*76 46*53 

38 39 0*29 42*74 

38 59 2 5*49 S^*Si 

39 33 3'''-'9 52’33 

41 8 5472 50 -i(> 


41 17 20*19 50*10 I 17 13 

41 39 55*78 43‘75 I 9 4 ^ 

41 57 i’8o 51*01 . 20 32 

42 36 6*25 63*"/ 5 5^ 43 

42 57 31*06 46*66 I 3 18 
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(Mosne iifth. principal Fixed Stare /or lie Bcgmnms of th, Tear t8oo. 


N?me» and Charac- Afcenf Annual Right Afeenflon 

ters of the Stars. in time. Vanat. in degrees, 

, in ditto. &c. 


Declination 
Moith and 
South. 


91 a Leporis 3 

92 ^ Tajiri 3 

93 • Ononis ’ . 2 

94 ^ Orionis a 

95 » Columbsc , 2 

96 y Lepons 3 4 

97 X Ononis 4 

9^ "Jf praec, «Orio. • 

99 « Orionis i 

100 feq. a Orionis 

101 ^ Aurigae 2 3 

102 Gemin. (prop.) 4 5 

103 1} Geminorum 3 4 

104 /A Geminorum 3 

{ Canis majoris 3 


5 ^3 5^4*94 -*639 

5 2J 42*41 3 575 

5 26 4*15 3-037 

5 30 40*57 3*020 

5 32 25-03 2-167 

5 9*02 2-517 

5 38 16-28 2-839 

S 41 27-74 • • • 

5 44 20-57 3-239. 

5 47 35*5 9 • • • 

5 44 51-68 4-398 

I 51 57*72 3*642. 

o 2 48-29 3*623 

6 10 51-44 3-624 

6 12 39 08 2-298 


0 Canis majoris 
» Geminorum 

y Geminorum 

1 Geminorum 

if prase. « Can, maj. 

* 3 

4 

2 3 

3 

6 13 53-76 
6 17 5-48 

6 26 Q-2C 

6 31 37-34 

6 29 41-80 

Sirius 

1 

6 36 19-91 

if fcq.aCan, maj, 

. 

’'641 26*68 

• Canis majoris 

2 3 

6 50 46*21 

^ Geminorum 

3 4 

6 52 14-^5 

^ Canis m^'oris 

2 3 

• 7 0 15*39 


^ Geminorum 
0 Canis minoris 
prajc. cc Gemin. 
Caftor 

^ feq. <x Gemin. , 


V Gem^inorufti 
# prac.aCan.mln. 
' Procyon 
^ feq. aCan. min. 
Pollux 


if feq. 0 Gemin. 
f** Cancri. 

■4^* Cancri 
4 i i Cancri 


80 c 8 44* ro 
8. 25 36-4 

81 31 2-19 

82 40 8-^7 

83 6 15-43 

84 2 15-34 

84 34 4'2i 

85 21 56-10 

86 5 8-55 
86 58 23-»5 

86 12 55-22 

87 59 2577 
90 4* 4-34 

92 42 5: -64 

93 9 46‘i4 


99 4 58-65 
100 21 40-20 
J02 41 33-20 
'03 3 38-24 
>05 3 53-85 


no 53 38 04 
I I I 40 4-05 

112 12 16-50 

I 12 36 46-80 

1*3 15 47*70 


1 13 52 11-70 
118 59 24-55 
«19 35 48-73 

I 2 I 24 50-61 

*25 2 3^-31 


37-75 22 31 

42*59 9 45 














Catalogue of the prindpul Fined Start for the Begytntvg 6 f the Tear l8oo. 


Names and Chaiac- 
tcis of the Stais. 


• 3^ ^ Hydrnc 

137 a* Caiicrl 

138 j Cancri 

I' ^39 1 a Cancri 

I4Q ^‘Cancri 

141 0 Hycir;e 

142 X Lconis 

143 Alphanl 

141 >3f feq. a llyclrac 

M5 J Leonis 


f Aniiu.l ■^'R.ght Afcenfion Annual 
Right Afcenf. ^aiiat. in degrees, Variat, 
in time. in dnto. &c. in Jittii. 


Declination Annual ^ 

North and variat. 

South. in ditto. 


h> m, s. 


8 44 48*86 
8 44 S ‘/39 
8 47 3 i *8> 
8 56 J+-33 

8 48 30'37 

9 3 S4'8o 

9 12 58*32 
9 n 44*97 
9 23 9*^9 
9 21 c/26 


3*187 131 12 12*8^ 

3-290 131 14 50*81 

3*292 131 52 >iYz 6 

3-263 134 13 34-92 

3-472 134 27 35 - 4 S 

3-120 135 58 42-03 

3-524 138 14 34-77 

2- 935 *39 2^6 14.-55 

... 140 47 I 7 -S 5 

3- 253 140 17 18-97 





1^6 IX Urfe majoiis 

157 p Leonis 

158 ^ UrfjE niajoris 

159 a Crateris 

160 « Urfie majoris 


161 |3 Crateris 

162 ^ Leonis 

163 3 Leonis 

164 A Crateris 

165 * Leonis 


166 T Leonis 

167 V Leonis 

168 » Vlrginls 

169 * prscc* ^ Leonis 

Tin Denebola 


10 10 21*35 3*635 

10 22 15*77 3**7® 

>0 49 39*53 3’709 

10 50 4*55 2*943 

10 51 15-84 3 847 


II I 50-06 2 -93 3 

II 3 26-39 3-<99 

n 3 44'23 3''63 

II 13 28*15 2*981 

II 13 28*32 3*125 


111739*49 3085 

II 26 42*82 3*069 

u 35 34-n 3-087 



•52 35 23'32 
'55 33 5 ° 49 
162 24 54-93 
162 31 8*25 

162 48 57*61 


165 27 30*97 44’02 

165 51 35-91 4798 

165 56 3-49 47 48 

168 22 2*21 4472 

168 2i 4*85 46 87 


*7.3 

174 

» 7 ^ 

j 3 Virginia 
y Urfae majoris 
£» Corvi 
t Corvi 

^ Urfx majoris 

176 

*77 

178 

179 
; 180 

y Corvi 
t9 VirginU 

0 Corvi 

K Draconis 
y* Virginii 


46*16 16 26 
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CaioUiUe'of iheptlncipaimMSUr, for tho Soghmng of the Tear l8oo. 


No. 
of 
' Stars 

^ame< and Charadlert 
of the Stars. 

Mag. 

ui- 

tiide. 

R»gl‘t Afccnf. 
in time. 

Annual 
Vanat. 
in ditro 

Right Afociif. 
m dcgicts. 
Ac. 

Annual 
V.ii ut. 
m ditio 

Dcclinatiun 

Kui 111 and 
Soutli. 

Annual 

in ditto. 




m. 


0 / // 1 

1 -on 

TC-i5 

0 / 6/ 


181 

182 

183 
184. 
.8s 

I Urfje majoris 
^ Vlrginis 
i Virginis 
$ Virgin IS 
y PlydrjE 

2 3 

3 

3 

3 4 

3 

12 4J la-jft 
12 4{ 35-66 
>■2 52 ' 3‘?3 
12 59 36-)6 
•3 S 4-31 

+ 

2- 746 

3*047 

3 - oc >4 

3-095 

3-225 

191 18 8-67 

I91 23 24-93 
193 3 20*01 

'94 54 6-97 
197 I 4-64 

+ 

41*19 

4 ^ 7 ' 

45-06 

46*4* 

48-38 

57 3 N 

4 ^9 N 

12 2 N 

4 28 S 

227 S 


186 

187 
1S8 

189 

190 

prcec. a Virg, 
Spica 

4 Uife majoris 
i VirginiB 
f Virgin is 

I 

3 

4 

3 

1 

13 9 13-00 
13 14 40-11 
‘3 '5 49*62 
13 16 10-79 
13 24 30-6; 

3-137 

2- 42; 

3- 129 

3-064 

197 18 15-00 

198 40 1*66 

198 57 24*26 

‘99 * 4'-»3 
201 7 39-68 

47-06 

3 f ''37 

46-9-, 

45-96 

107 2S 

5 5 59 N 

1 1 40 s 

0 2O N 


191 

192 
‘93 

'95 

T Bootis 
>j Urfie majoris 
« Boot is 
m, Draconis 

K Virginia 

4 

* 3 

3 

2 3 

4 

'3 37 46-36 
‘3 39 

13 45 9-21 

13 58 58-88 

14 2 14-87 

2-884 

2 * 39 S 

2-86o 

1-628 

3*179 

204 26 35-35 
204 54 42-80 
206 17 18-12 

209 44 43-24 

210 33 43-04 

43 '»^> 

35-88 

42-90 

24-42 

47-68 

18 27 N 

50 19 N 

'925 N 

65 20 N 

9 20 S 


196 

198 

199 

200 

Ar<fturus 
feq. a Bootls 

A Virginis 
y Bootia 
f Bootis 

4 

3 

3 

14 6 32-21 
14 6 36-46 
14 8 19-14 

14 24 1-50 

•4 3 ‘ 35 -s 6 

2*722 

3*223 

2-428 

2-854 

21 I 38 3-16 

211 39 6*90 

212 4 47-16 
216 0 ^2*54 
2'7 53 53*42 

40-83 

48-35 

36-42 

42*81 

20 15 N 

' 12 27 S 

39 11 N 

14 36 N 


201 

202 

203 

204 
203 

« Bootis 
/X Librae 
a* Librce 

# prKc. a* :^s 

Librye 

3 • 

5 

6 

2 3 

14 36 14-99 
14 38 22-95 
'4 39 3*’74 
'4 39 3**‘77 
>4 39 49’97 

2*612 

3*268 

3*^99 

3-289 

219 3 44-80 

219 35 44-22 
219 54 41-10 
219 54 41-55 
219 57 29-5!; 

39-33 

49-02 

49-49 

■W-34 

27 56 N 

13 '8 S 

‘5 9 S 

15 '2 S 


2o5 

207 

208 

209 

210 

^ UrfiC minoris 
y Scorpii 

Bootis 

4 ^ Bootis 
^ Lj'brae 

. . 1. 

3 

3 

3 

5 

2 3 

•4 5 ' 27-55 
!- ‘4 5 * M-, 3 i 
•4 54 *4-99 

14 55 52-50 

15 6 15-61 

-0-329 

3-482 

2-262 

2-580 

3*215 

222 51 53-19 

223 6 5-22 

223 36 14-K5 
223 58 7-57 

226 33 54-21 

- 4*94 

5-*25 

33*93 

38-70 

48-^2 

74 59 N 

24 2y S 

41 1 1 N 1 

27 44 N 

8 3 « S 

1 

i 

1 

1 

211 

212 
• 2 '3 
214 
^'S 

3 ' Bootis 

0 Coron. bon 
» Coron. bor. 

^ C-oron, bor, 
•y^Urfae minoris 

3 

6 

5 

4 

2 3 

15 7 26*62 

15 II 51-97 
15 14 56-0; 
15 19 34-88 
1521 1 1*76 

2-4091226 51 39'2 8 
2*487 227 57 59-55 
2*465 228 44 0-78 

2*483 229 53 43-13 
-0-209 230 17 56-39 

36*13 

37*30 

36*97 

37*-’4 

- 3*'4 

3 4 4 N 

3021 N 

31 I N i 

29 48 N 1 

72 33 N i 


216 

. *‘7 
21^ 

219 

220 

Libra 
y Librit! 

^ Serpentfs 

Gemma 

K Librae 

3 4 

4 

3 

2 

4 

15 21 38-:|2 
15 24 21-22 
15 25 I5-84 
15 26 13-29 

15 30 27-12 

3*36? 

3-328 

2‘86i 

2*543 

3*433 

?3o 24 36-26 
131 5 18*14 

31 18 57-61 

3 ' 33 ' 9*35 

32 36 46-77 

50*48 j 

49*92 

42*91 

38-15 

5 '*49 I 

16 to S j 

14 7 -S 

11/3 N 

27 24 N 

19 I S 


221 

222 

223 

224 

« Scrpentls 
•if icq, « Serpentis 

B Serpentfs 
^ Serpentm 

1 Serpentfs 

• 

2 

3 

4 

3 4 

15 34 25 -^* 

15 36 23-53 
*5 3*5 57-70 
15 39 '0-30 
tv 40 50-97 

2-936 1 

... 

2-756 

3*023 

2-969 

123 36 18-00 
34 5 53 'OS 
34 '4 25 H 7 
34 47 34’5 5 
15 1 * 44 'f' 

44*04 

4'*54 

45*35 

44*54 

7 4 N 

1*6 4 N 

2 48 S 

56 N 
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ST A 


Ctt^ cf the principal Fixed Stare far the Beginmag of the Tear 1 800. 


I »^NaineS and Charac- 
$tan ^ Stars, 


271 

X Sagittarii 

272 

<K Lyr« 

273 

Wega 

274 

# fcq. ct Lyrx 

^75 

p Sagittani 

276 

1 Lyras 

277 

Sagittarii 

278 

Lyras 

2-9 

<r Sagittaru 

280 

Sagittarii 

281 

$ Serpentis 

282 

J Lyrx 

283 

0 Draconis 

284 

y Lyras 

285 

0 Sagittarii 

286 

r Sagittarii 

287 

X Antinoi 

288 

f Aquilas 

289 

TT Sagittarii 

290 

4 Sagittarii 

291 

ti Sagittarii 

292 

^ Draconis 

293 

K Cygni 

294 

^ Aquilas 

295 

0 Cygni 

296 

i Cygni ^ 

.29^ 

h Antinoi 

298 

^ Cygni 

299 

a Sagiltas 

300 

/ Sagittarii 


301 

% prase, y Aquilas 

302 

y Aquilas 

303 

% Tcq. y Aquilas 

304 

^ Cygni 

305 

# prase, a Aquilas 


Atair 

#req. a Aquilse 
*> Antinoi 
b Sagittan'l 
0 Aquilas 


Right Afcenf. Annual Decliiution Annual 

m time. >" ^Ereas, Variat. North and Variat. 

in ditto ke. in ditto. Souih. 



1 // I " 


1 iJ??! 


2-87 r983 179 25 4303 29-74 39 28 

5*41 3*625 280 31 2 1*22 54*38 22 59 

1*86 2*211 280 40 27*89 33‘i6 33 9 

1*4© 3*724 280 42 50*99 55*86 26 32 

3*623 280 45 i6*99 54*35 22 5,^ 


[8 

46 

16-82 

18-32 

8 

47 

31*16 

8 

48 

14*15 

8 

51 

2 '*C 4 

8 

52 

41*18 


18 54 26*45 3*758 283 36 36*82 56*37 27 57 

18 55 38*10 3*186 283 54 31*55 47*^^ 5 ,0 

18 56 12*69 2 755 284 3 10*37 41*33 13 35 

57 5 »’i 7 3 574 284 27 50*57 53*61 21 20 

19 3*5*27 5‘^S5 285484904 55*27 2535 


'9 

5 

55-86 

9 

12 

27-95 

9 

12 

28-28 

9 

'5 

24-12 

9 

22 

38-53 


46 19 24 39*6i 1*511 291 9 54-19 22*67 51 19 

34 19 26 22*i6 5*io6 291 35 32*37 46*59 1 45 

4 19 31 5*x6 1*645 292 46 17*40 24*68 49 46 

4 ^9 3^ 9*25 2*678 292 47 18*74 40*17 J7 34 

6 19 34 41*43 3*520 293 40 21*39 52*80 20 14 


9 35 ^2*50 
9 . 3 ^ 44-50 
9 39 0*8 1 

9 3** 43'09 
9 38 35'87 I 


3 20 o 58-52 J-C97 

3 4 20 6 32-79 3-330 

, 20 5 « 7’48 • • • 

3 20 6 56-48 3 - 33 « 

. ao 9 33-32 . , . 

















Names and Charac- 
ters of tha'.Star^. 


Catalogue of the prbicipal Fixed Stats for the Br ginning of the Tear t%GQ, • | 

I’Mag- n- w Ar i- (Annual Right Afceiif. 1 Annual 1' Doclioation Annual) 

Charac- 1 Right Afcenf. Vafriat. in degree?, Vanat, North and Vari'at.i 

a'Stara. I ^ m time, I t.r. in n (Urrn T 


316 

317 

318 

3^9 

520 

^ Capriconn 
¥ Capricorni 

0 Capricorni 
y -Cygni 
^ 'Capricorni 

6 

3 

‘ 3 

6 

20 9 31*35 
20 '() 3 3 -60 
20 9 45*50 
20 15 2*63 

20 17 26*45 

321 

f Delphini 

4 5 

20 25 57-50 

322 

0 Delphini 

3 

20 28 10*32 

323 

a Delphini 

3 

20 30 20*76 

3 U 

Dencb. 

1 2 

2t> 34 36*68 

32$ 

dffcq. aCygni 

1 • 

,| 

20 40 28*55 


2 80 1 

306 

29 

22*44 

42*01 

14 0 

2-804 

3°7 

2 

34*74 

42*06 

>3 55 

2*780 

307 

3 ^ 

n *37 

41*70 

•5 '3 

2*034 

308 

39 

10*20 

30*51 

44 34 

. . . 

310 

7 

825 

. . . 

• • 


I Aquarii 
# prxe. yDelphini 
y Delplrini 
I Cygni^^ 

IM Aqiiafll 



20 36 50*38 
20 37 2 i *94 
20 37 22-96 
20 38 6*70 
20 41 51*17 


3-255 309 12 35-72 48-83 

. . . 309 20 29*08 . . . 

2*783 309 20 44*34 4175 

2*393 3^9 3 > 40 * 5 ^' 

3 23] 310 27 47-61 48*65 



33^ 3 Equuki 


34O I Capncorni 


y Capncorni 
X Capricoitii 


4 72 

5 

58 

N 

9*29 


44 

S 

1*40 

61 

45 

N 

7*48 

6 

n 

S 

0*68 

20 

21 

S 

2*32 

69 

41 

N 

^ 9•93 

»7 


vS 

;o-40 ' 

*9 

46 

s 

14’>5 

8 

58 

N 

>^‘74 

50 

»7 

N 


^49 7 Aquarii 


21 35 58 68 

33^0 

323 59 40-25 49-65 

21 55 8*21 

. . » 

328 47 3-15 . . . 

21 is 29-75 

3-067 

328 52 26 25 46*00 

22 11 18*89 

3*094 

ii ' 49 43 39 46-41 

22 1 5 4*00 

3-065 

353 4? 59'98 45 97 


22 18 31*68 3-079 334 37 55*26 46*18 , I 2 

22 JO j-99 33 ? o 44'*4 4''79 '> 4 * 

22 23 7-61 2-431 335 46 54-14 36-46 49 16 

22 25 4-59 3-079 3/5 16 8-78 46-19 I 9 

22 27 23-38 3-117 336 50 50-67 46*76 S *4 


22 31 29-061 2-981 '337 52 15-89 44*72 9 48 

2* 33 37*871 3*792 338 24 17-91 41-88 29 It 

22 37 4-70 3-197 339 16 10-37 47*96 15 7 

223859*29 3-190 3394449-41 47*85 1*^39 
22 42 10-52 3-137 340 32 37-87 47>03 
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Catal^ut of tk principal Fiml Star, fir tk Brshming of ,k Tear .800. 


Names and Charac- 2“ 
ters of ihe Stars. 

tude. 


36 1 * Cephci 

362 ^ Aquarii 

3^3 # pr*c.aPifc.au{l. 

364 Fomalliaut 

365 -if feq. aPifc. auft. 

366 |3 Pegafi 

367 Markab 

368 #fcq. a Pegafi 

369 ^ Aquarii 

370 Aquarii 

371 7 Pifeium 

372 \}/ 3 Aquarii 

373 Pifciumi 

374 X Pifeium 

375 Pifeium 

3/6 u Pifeium 

377 #prxc.aAiidrom, 

378 •:;f praec. a Androra, 
39a Andromedae 
380 fcq, rtAndrom, 


^ Cafliopciae 


Rig'ht Afccnf, 
in time. 


42 35*3.3 
22 44 I *80 
22 40 

2 2 46 33 60 
22 48 38*04 

22 54 5-50 

2 2 54 47*99 
2^ 55 35*64 

23 3 57*39 
23 j 23-05 

23 6 46*42 
23 8 32*63 

23 26 11*40 
23 31 51*01 
23 36 10*88 

23 49 2*88 
23 55 45*47 
23 56 15 28 
jj 58 4-32 

O I 31-98 


Annual 
V.inat. 
in ditto. 

Right Afeenf. 
in degrees, 
Ac. 

Annual 
Vanat. 
in ditto. 

Declination 
North and 
. South. 

Annual 
Variat. 
in ditto. 


0 f n 1 

TT 5 TT 

",ln 

0 / n 


•f 

2 109 
3*201 

3*330 

340 38 49*95 

341 0 27*06 

340 4 20*25 

341 38 24-00 

342 9 30*60 

+ 

3»‘63 
48 *02 

» t « 

49-95 

6; 9 N 

i6 53 S 

30 41 S 

« • • 


2*874 

2*964 

3 * 109 

3*125 

34 i 8 ' J 2‘47 
.843 41 

343 53 54 ‘ 6 o 

345 59 20-79 

346 20 45 68 

43 - 11 

44- 46 

46-64 

46*88 

27 0 N 

14 8 N 

7 7 S 

10 10 S 


r ° s 7 

3‘*25 

3 ° 6 ,- 
3 *o 66 

3 *06 a 

346 41 36-37 

347 8 9 - 4 S 

351 32 50-9O 

352 57 45"o8 
554 i 43-'8 

45*«5 

46-88 

4^97 

45*99 

45*93 

212 N 
10 42 S 

I 0 N 
0 40 N 

223, N 


3 *06 1 

3 *060 
3-065 

357 15 43 *i 6 

358 56 22*05 

3 59 3 49* ‘9 

359 31 4*95 
0 23 14*70 

45-92 

• • • 

45-90 

45-97 

546 N 

27 59 N 


3 ‘ 05 ‘ 

359 38 34-75 

45-76 

58 3 N 

‘ 



^notkr Catalogue f 162 Principal Stars , tkir Jifean Dcditiation, to Bcrinnitir 

of the Tear i8oo. 


Sian Names. 


Polaris 

PoJaris 

*J Urfae majorls 
a Perfei 
. Urfae majoria 


Mean Dctlm. Annual Va- 
north. nation 


Mean Declin. Annual Va- 
north. riation. 




u 




0 

/ 

n 

I 


^ 9*57 

11 

a 

a 

Lyras 

Lyras 

38 

3a 

36 

36 

15 

10 

1+ 2-59 


18*20 

*3 


] lerculis 

32 

58 

*9 

— 7-40 

+ 

13*59 

»4 

Carter 

32 

18 

;4 

i — 6 Qe 

— 

13*21 



Carter 

3 * 

18 

4 * 



- 

^ + 4 ’o 8 
-15.59 
+ 20-2 < 
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7 he Mean Deelinalim of 162 frinaipal Stars for the Beginning of the Year 1800. 


No. Stars Names. 


21 a. Anciromcdse 

22 /? Cygni 

23 Gtiinma 

24 Gemma 

25 (x Lcoiiis 

26 ^ Pegafi 

27 t Geminormn 

28 I GeminOrum 

29 ^ Hercolis 

30 e Lt'onis 


Mean Declin. Annual Va- 
north. nation. 


36 T Pegafi 

37 -j’x Geminorum 

38 Geminorum 

39 n Geminorum 

40 a Arietis 


27 59 II 

27 3’- 5^ 

27 23 48 
27 23 49 


// 

+ 20*25 

+ 7*04 


T- I ^ I2-ro 

27 23 49 J , \ 
26 56 37 — i 6'46 

26 59 58 + 19*21 

25 >8 56 j ' 
25 5 4 “ 4‘50 

24 41 17 — 16 JO 


— 2*72 

— 4*56 

— 16 10 


Stars Names. 


y Geminorum 
7 Serpentii 
0 Serpentis 
Aldebaran 
Aldebarau , 

Leonis 
$ Leonis 
y Dclphini 
aDelpbini 
y Taul i 


.Mean Dcdm. Annual Va- 
north. nation. 


0 / // 

16 33 28 
16 19 40 
16 3 21 
16 5 43 

16 C 4? 


ft 

— 2’22 
— 11*01 
- ^1-75 


^ I -f 8 *i 6 
S 45 ) 


22 38 51 + 19*57 

22 36 12 — 0*89 

22 32 59 — 0*19 

22 33 5 — 0*19 

22 30 37 + i 7 * 5 > 



15 41 30 
15 41 27 

15 24 40 

15 12 48 

15 g ^ 


>4 35 34 


14 7 49 
14 7 57 


14 4 15 
13 54 3 * 
M 34 32 
12 56 23 
12 56 20 


I - 19-96 
4- 12*68 
H- 12*21 

+ 9*42 



+ 20*04 
4- 12*05 
+ 4*^3 















. No 4.“ Sta#<viRtm6s-. norrtf"'- 


, t 5^3 1 S T A- 

PsiNCtPAL STAM/»r the Beginning tf the Tear i8oo. 


xi6 y OphiiTchi 

1 17 ^ AqiiiJ» 

118 y Ceti 

1 19 ct, Pifcium 

120 9j Antinol 


121 ^ Orlonia 
12 2 ^ Virginia 

123 i Hydras 

124 y Virginia 

125 ^ CctT 


126 « Aquarii 

127 a Aquarii 

128 I Ononia 

129 $ Antinoi 

1 30 ^ Orionis 


I 131 y Aquarii 
132 i Ophiuchi 
f33 ^ Serpcntis 

1 34 I Ophiuchi 

135 $ Virginia 


136 B Eridani 

137 * Orionis 

138 0 Aquarii 

139 p Aquarii 

140 « Hydra; 


*41 a Hydras 
142 Rigcl 
*43 $ Libra; 

144 A Aquarii 

145 u, Spica 


Annual Va« 1 
nation. I 



No. 

Stais Names. 

Mean Doclin 
foyth. 



0 / n 

156 

y Eridani 

»4 S 3 
*5 12 0 


a Libras 

xsS 

a Libras 

1 S *2 0 


i Corvi 

*5 24 r 

160 

^ Capricorni 

15 ^4 10 


2 47 42 
2 43 36 
2 23 17 
I 47 40 
o 30 12 


o 27 17 
O 2J 48 
SouthDccI. 
0818 

021 4 

o 3i 18 


I 17 7 

1 17 7 
I 20 24 

1 24 10 

2 3 33 


— 1*97 161 y Cania maj 

4- 6*44 162 It Ophiuchi 

4- 13*77 * Aquarii 


Aquarii 


4- 1773 164 y Corvi 
+ 8'63 163 Siriuj 



5216 

5 -27 S8 

1 48 54 

6 25 47 

6 27 7 


} - '7-I3 
— 3*02 
— 10»05 
— 2’6 o 


1 71 y Capricorn i 

172 ^ Cania majoria 

173 oc Leporia 

174 $ Capricorni 

175 9 S^orpii- 


’ *7 39 58 
17 S* 5 S 

17 58 22 

18 1 3 

i8 j5 46 


7 47 yj 
0 26 35: 

8 38 14 
8 38 29 

10 6 46 



- 1714 
4“ 20*04 
+ 4‘43 



3‘i8 

-3-8t 

+ I0'03 
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Star, mE!e6ricIty> tootet the apjMtr&oee' of 
the tlcdric matter on a pomi into which it enteric , 
caria Tuppofes that the Star is occafionc^ by the difii- 
culty with which the eleftfle fluid is extricated from 
the air, whichis an eleftric fubflaoce* See Bars 

Star, in Fortification, denotes a fmall fort, hav- 
ing 5 or more points, or faliant and re-entering angles, 
flanking one another, and their faces 90 or too fret 
long. 

Star, in Pyrotcchny, a compofition of combufti- 
blc matters ; which being borne, or thrown aloft into 
the air, exhibits the appearance of a real Star.— Stars 
are chiefly ufed as appendages to' rockets, a number of 
them being ufually inclofcd in a conicat cap, or cove.-, 
at the head of the rocket, and carried up with it to its 
utmoft height, where the Stars, taking fire, are fpread 
around, and exhibit an agreeable fpedacle. 

Tfl make Mix 3^8 of faltpetre, 1 1 ounces of 

fnlphnr, one of antimony, and 3 of gunpowder duft : 
or, 12 ounces of fulphur, 6 of faltpetre, of gun- 
powder dufl, 4 of olibanum, one of maftic, camphor, 
fiiblimatc of mercury, ^d half an ounce of antimony 
Slid orpiment. Moiflen the mafs with gmnwater,and 
make it into little balls, of the fizeof a chefnut ; which 
dry cither in the fun, or in the oven. Thcfc being frt 
on fire in the air, will reprefent Stars, 

St denotes the tight hand fide of a fhip, 
when a perfon on board ftands with the face looking 
forward towards the head or foic part of the Oiip. In 
contradiftinftion from Larboard^ which denotes the 
left hand fide of the (hip in the fame circumftances.— 
Tliey fay, Starboard the helnit or helm a Starboard^ 
when the man at the helm (hould put the helm to the 
right hand fide of the fhip. 

Faliin^ Stax, or Shooting Star, a luminous meteor 
darting rapidly through the air, and refembling a Star 
falling. — The explication of this phenomenon has puz- 
zled all philofophcrs, till the modem difeoveries in 
cleftricfty have led to the moll probable account of it# 
Signior BeCcaria makes it pretty evident, that it is an 
cledlrical appearance, and recites the following fad in 
proof of it. About an hour after funfet, hcandfome 
friends that were with him, obferved a falling Stardi- 
reding its courfe towards them, and apparently grow- 
ing larger and larger, but it difappeared not far from 
them ; when it left their faces, hands^ and ckithes, 
with the earth, and all the neighbouring otjed?, fud- 
denly illuminated with adiffufed and lamoent light, not 
attended with any noife at all# During their Turprize 
at this appearance, a fervant informed them that he 
had feen a light fiiinc fuddenly in the garden, and cfpe- 
dally upon tne ftreams which he was throwing to wa- 
ter iU All theft appearances were evidently eledrical j 
and Bcccaria was confirmed in his conjecture, that elec- 
tr icily was the caufc of them, by the quantity of dec- 
trie mattd whjch he had feen gradually advancing to- 
wards his kke, which had very much the appearance of 
a falling Star. Sometimes alio he faw a kind of glory 
rouftd the kite, which followed it when it changed its 
plaijc, but left fomc light, for a fmall ^acc of time, in 
thk place it had quitted. Prieflley^s ^e^, vofr 4 pa» 
434, flvo. Sec lofftr fa/i/eiJr. " 

SrAR/e^rr, or Redoubt^ ia Fortificatiou* Sec StaB| 
REpovBT, and Fort. 


/STARLINGS, or 8TEiit,iM«6, or JfHmt a kinl 
cafe made about tt/pier of to fccure it. 

wStrLTs. ' ; - 

, STATICS, a blanch of tnatbemaii^. which confi# 
ders weight or gfavity, and the motion of bodies re* 
fulling from it. 

• Thofe' who define mechanics, the fciencc of motion 
make Statics a part of it ; vizi that part which conli! 
ders tire motion of bodies arifi^ from gravity. 

Others make them two diftina doArincs ; reftrain- 
ing mechanics to the dodrinc of motion and weight, 
as depending on, or connefted with, the power of ma. 
chines j and Statics to the do<Strinc of motion, conil. 
dcred merely as arifing from the weisht of bodies, 
without any immediate refped to machines. In this 
way, Statics Ihould be the dofkrine or theory of mo- 
tion i and mechanics, the application of it to ma- 
chines. 

For the laws of Statics, fee Gravity, Descent. 
^c. 

STATION, or Stationary, iii' Aftronomy, the 
pofition or appearance of a planet in the fame point of 
the zodiac,^ tor feveral days. This happens from the 
obfervcT being fituatcd on the eaith, which is far out 
of the centre of their orbits, by which they feem to 
proceed irregularly; being fometimes feen to go foi- 
wards, or from weft ta eaft, which is their natural 
dircilion ; fometimes to go backwards, or from t<ili 
to weft, which is. their retrogradaiion ; and between 
thefe two ftates there muft be an intermediate oiu,. 
where the planet appears neither to go forwards nor 
backwards, but to itand ftill, and keep the fame place 
in the heavens, which is called her Station^ and the 
planet is then faid to»be Stationary, 

^ Apollonius Pergacus has fhewn how to find the Sta- 
tionary point of a planet, according to the old theory 
of the planets, which fuppofes them to move in epi- 
cycles i which was followed by Ptolomy in his Almag. 
lib. 12, cap. I, and others, till the* time of Coperni- 
cus. Concerning this, fee Regiomontanus in Epitome 
Almagefti, lib. 12, prop, i; Copernicus's Revolu* 
tiones Coeleft. lib, 5, cap. 35 and 36 ; Kepler in Tabulis 
Rudolphinis, cap, 24; Riccioli's Alma^. lib. 7, feil> 5» 
cap, 2 : Harman in Mifcellan. Berolinenf, pa. J97. 
Dr. Halley, Mr. Facio, Mr. De Moivre, Dr. Kcil, 
and others have treated on this fubjed. See alfo the 
articles Retrograde and Stationary in this Dic- 
tionary, 

Station, in Pradical Geometry &c, is a place 
pitched upon to make an obfervation, or take an angle^ 
or fucli like, as in fuiveying, meafuring heights-and« 
diftances, levelling, &c. 

An accclfiblc height ii taken from one Station j hut 
an inacceflible height or diftance ia only to be taken by 
making two Stations, from two places whofc diftance 
afunder is known. In making mttps of counties, pro- 
vinces, &c, Stations are fixed upon certain eminencies 
&c of the country, and angles taken from thence 
the feveral towns, villages, In furvcying^ihe m- 
ftrument is to be adjultcd by the needle, or 
to anfwcr the points of the ^bofiRoo at every Station > 
thediftance from^hcnce totbejaftSUtion is to be raw* 
furedi and an angle is to be taken to the next Ration , 
iwhicb procefc TcpcRtd Mitdw ilbe chirf 
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firvcying.'— In kvdlFrfpf, the inftrument is redified, or 
|)laced kvcl' at each Station, and obfervations made 
loi-wards and backwards. 

TMicre h a method of mcafuring didanccs at one 
Station, in the Phitof. Tranf. numb. 7, by means of a 
telcfcope. I have heard of another, by Mr. Ramf- 
den ; and have feen a third ingenious way by Mr. 
Green of Deptford, not yet publifhed ; this confifts-of 
a permanent fcale of divifions, placed at any point 
whofe diftance is required ; then the number of divilions 
feen through the telcfcope, gives the diftance fought. 

STATioN-L/«r, in Surveying, and Line of S hi lion, 
in Perfpec^live. See Line. 

STATIONARY, in Aftronomy, the ftate of a 
planet when, to an obferver on the earth, it appears for 
ibme time to (land ftill, or remain immoveable in the 
fame place jn the heavens. For as the planets, to fuch 
an obferver, have fometimes a progreftive motion, and 
fometimes a retrograde one, there muft be fome point 
between the two v^'here' they muft appear Stationary. 
Now a planet will be feen Stationary, when the line 
that joins the centres of the earth and planet is con- 
11 an tly directed to the fame point in the Iieavcn.s, whicli 
is when it keeps parallel to itfelf. For all riglit lines 
drawn from any point of the earth’s orbit, parallel to 
one another, do all point to the fame ftar ; the diftance 
ofthefe lines being infenfible, In comparifou of that of 
the fixed ftara. 

The planet Herfchel is feen Stationary at the dif« 
tance of from the fun ; Saturn at fomewhat more 
than 90" ; Jupiter at* the diftance of 51^ ; and Mars at 
a much greater diftance ; Venus at 47”, and Mercury 
at 28^. 

Herfchel is Stationary days, Saturn 8, Jupiter 4, 
Mars 2, Venus and Mercury J a day : though the 
leveral ftations arc not always equal ** becaufe the orbits 
of the planet® are not circles which have the fun in their 
centre. 

STEAM, the fmokc or vapour arifing from water, 
or any other liquid or moift body, when conficlerably 
heated. Subterranean Steams often affedl the furface 
of the earth in a remarkable manner, and promote or 
prevent vegetation more than any thing clfe. It has 
been imagined that Steams may be the generative caufe 
of both minerals and metals, and of all the peculiarities 
offprings. See Philof. Tranf. vol. 5, pa. 1154, or 
Abr. voT. 2, pa. 833. —Of the ufc of the air to elevate 
the Steams of bodies, fee pa. 2048 and 297 ib.— 
Concerning the warm and fertilizing temperature and 
Steams of the earth, fee Phil. Tranf. vol. 10, pa. 307 
and ^57. Sec alfo Dr. Hamilton ** On the Afccnt 
of Vapours.*' 

The Steam raillKl from hot water is an claftfc dnid, 
which, like elaftic air, has its clafticity proportional to 
its denfity when the heat is the fame, or proportional to 
the heat when the denfity is the fame, 'fhe Steam 
railed with the ordinary ticat of boiling water, is aU 
moft 3000 timea rarer than water, or about 3^ timea 
rarer than air, and has its elafticity about equal to 
tbit of the common air of the atmofphcrc. And by 
^cit hilt it has been found that the Steam may 

expK^ed into 14000 times the fpacc of water, or 
be made about 5 tjroes ftrongcr than the almo- 
But from feme accidents that havchappeucd, 


It appears that Steam, fuddenly raifed from water, or 
moift fubftanccs, by the immediate application of llrong 
heat, is vaftly llronger than the atmofpherc, or even 
than gunpowder itfelf. Wiincfij the accident that hup- 
pcrrcd to a foundery of ennnon at Mooriields, when 
upon the hot metal lirft running Into the mould in the 
earth, fome fmall quantity of water in the bottom of 
it was fiiddcnly changed into Stc-un, which by Its ex* 
plolion, blew the foundery all to pieces. 1 Tcmcmber 
another fuch accident at a fouiKlory at Newcaftle ; the 
founder , having pm chafed, among fome old biafi, a 
hollow brafsball that had been ufed for many ycais as a 
valve in a pump, withiufide of which it would ieem 
forne water had got infinuated ; and having put it int<» 
his fire to melt, when it had become very hot, it fud- 
denly burft with a prodigious noife, and blew the adja* 
cent parts of the luruace in pieces.^ 

Steam may be applied to many purpofes ufeful in Ufc, 
but one of its chief ufes is in the Steam-engine dc- 
feribed in the following article. 

•Steam Enfiuct an engine for ralfing water by the 
force of Steam pi od need from boiling water ; and of- 
ten called the Fin’ftioinct on account of the fiie em- 
ployed in boiling the water to produce the Steam, 'Tliii 
IS one of the moll cm ions and ufeful machines, which 
modem art can boaft, for raifing water from ponda, 
wells, or pits, for diaining mines, See. Were it not 
for the life of this molt important invention, it is pro- 
bable we (hould not now have the benefit of coal lirci 
in England ; as our foicfnthers had, before the prefent 
century, excavated all the mines of coal as deep as it 
could be worked, without the benefit of this engine to 
dniw the water from greater depths. 

This engine is commonly a forcing pump, having 
its rod fixed to one end of a lever, which is worked 
by the weight or preflure of the atmofpherc upon a 
pifton, at the other end, a temporary vacuum oeing 
made below it, by fuddeuly condenfing the Steam, 
that had been let Into the cylinder in which this pifton 
works, by a jet of cold water thrown into it, A pailial 
vacuum being thus made, tlic weight of the atmofpherc 
preffes down the pifton, and raifes ihe other end of the 
fti-aight lever with the water from the well fire. Then 
immediately a hole is uncovered in the bottom of the 
cylinder, by which a frcfti fill of hot Steam luihcs in 
from a boiler of water below it, which proves a coun- 
terbalance for the atraofphere above the pifton, upon 
which the weight of the pump rods at the other end of 
the lever carries that end down, and raifes the pifton of 
the Steam cylinder. Immediately the Steam hole is ftiut, 
and the cock (^encd for injeftlng the cold.watcr into 
the cylinder of Steam, which condenfes it to water 
again, and thus making another vacuum below the pif- 
ton, the atmofpherc above it prefks It down, and raifes 
ike pump rods with another lift t>f water ; and fo on 
contmualVy* This is tlic common principle ; but there 
arc alfo other modes of applying the force of the Steam, 
as wc fliallfcc ia the following Oiort hlftory of this in- 
vention and its various improvements. 

The carlieft account to be met wu'tb of the invention' 
of this engine, is in the marquis of Worcefler’s fmall 
book intitled a Century of Inventions (being adefenp- 
tion of 100 notable difeoveries), publifticd ui the yi^r 
1^63, where he propofed the railing of great quantities 
3 U 2 of 



S^T B I $1^ } S 

pr.w»ter,by,thc force of from-watcr by operatiWr the water' cqnfcqpcnBy fuftca throiirfi D 

means or fire j and he meotippa aaen^ioe of that kind, by thepreflure of the atmofpherc at and £ jtaffain 
of hia own, contrivanqe, ^ich could raife a continual filled, This water is forced up the main pipe throucjli 
fheara like a. fountain 40 feet higb^ by means of two C, by opening F apd IhuUing G, as before. And 
cocks which were alternately and fucceffiyely turned by thus it is eafy to conceive, that by this alternate opL-ii. 
a man to admit the Steam, andto/c-fill the veflelwith ing and fiiutting thp cocks, wat^r will be continuallv 
cold water, the fire being continually kept up. raifed, as long as the boiler continues to fupply the 

However, this invention not meeting with encou* Steam, 
ragemeiit, probably owing to tlie coiifufed Hate of pub- For the fake of perfpicuity, the drawing is diverted 
lie affairs at that time, it was negledled, and lay dor- of the apparatus that ferves to- turn the two cocks at 

niant feveral yeais,. until one Captain Thomas Savery, once, and of the contrivances for filling the copper to 
having read the marquis of VVorcefter’s hooks, feveral the proper quantity. But it may be fwind complete 

years afterwards, tried many experiments upon the force with a full account of it# ufes and application, in m/ 

and power of Steam ; and at hill hit upon a method of Savery's book intituled the Mtmr^s Friend* Tlie en- 
applying it to raife water. He then bought up and de- gines of this conllrudion were ufually made to work 

firoyed all the marquis’s books that could be got, and with two receivers or Steam veflels, one to receive the 

claimed the honour of the invention to himlelF, and Steam, while the other was raifing water by the condeii- 

obtained a patent for it, pretending that he had difeo- fation. This engine has been fince improved, by adniit- 
▼cred this fecret of nature by accident. He contuved ting the end of the coiidenfing pipe G into the vertel 
an engine which, after many experiments, he brought E, by which means tlie Steam is more fuddenly and cf- 

to fome degree of perfedtion, fo as to raife water in fcdlually condenfed than by water on theoutfide of the 

Imall quantities : but he could not fucceed in raifiiig it veflel. 

to any great height, or in large quantities, for the The advantages of this engine are, that it may be 

draining of mines ; to effcdl which by his nictbod, the ercdled inalrnoliany fituation, that it requires but lit- 

Steam was required to be fo firong as would haveburll tie room, and is fiibjcdl to very little fridlion in its 

ajl his vcflc'ls ; fo that he was obliged to limit himfelf to parts. — Its difadvantages are, that great part of the 
ralfiiig the water only to a fmall height, or in fmall Steam is condenfed and lofes its foice upon coming into 
quantities. The largeft engine he erected, was for the contaft with the water in the veflel E, and that the 
York-bulldings Company in London, for fnpplying the heat and clafticity of the Steam mull be irtcreafed in 

inhabitants in the Strand and that neighbourhood tyith proportion to the height that the water is required to be 

water, ^ ^ ^ ^ raifed to. On both iliefe accounts a large fiie is n- 

The principle of this machine was as follows : H quired, and the copper mult be very Itrong, when the 
(fig. 3, pi, 27) reprefents a copper boiler placed on a height is confiderable, othervvife tlierc is danger of its 
furnace, E is a firong iron veflel, (iommunicating with burfting, 

the boiler by means of a pipe at top, and with the While captain Savory was employed in pei feeing 
main pipe AB by^ means of a pipe I at bottom ; AB his engine, Dr. Papin of Marburg was contrivimr one 
is the main pipe immerfed in the water at B 5 D and on the fame principles, which he deferibes in a fmall 
Care two fixed valves, both opening upwards, one book publi (bed in 1707, intitled Nova ad Aquam 
being placed above, and the other bdow the pipe of I^nis admhikulo ejjkacijfme ekvandam* Capt. Savory’s 
communication I. Laftly, at G is a cock that ferves engine however was much completer than thatpropokd 
occafionally to wet and cool the veflel E, by water by Dr. Papin. 

from the main pipe, and F is a cock In the pipe of About the fame time alfo one Monf, Amontons of 
communication between the veflel E and the boiler. Paris was engaged in the fame purfuit : but hi# method 
The engine is fet to work, by filling the copper in of applying the force of Steam Was different from thofe 
part with water, and alfo the upper part of the main before-mentioned ; for he intended it to drive or turn 
pipe above the valve C, the fire in the furnace being a wheel, which he called a Jin-mill^ which waste work 
lighted at the fame time. \V hen the water boils ftrongly, pumps for raifir.g water; but he never brought it to 
the cock F is opened, the Steam rulhes into the veflel perfedion. Each of thefe three gentlemen claimed the 
Er and expels the air from thence tlirough the valve C. originality of the invention ; but it is moft probable 
The veflel E thu#> filled, and violently heated by the tlnry all took the font from the book publiflied by the 
Steam, is (uddcnly cooled 1^ the water which falls n^arquis of Wotceftcr, as befpre-incnttoned. . 
upon it by turning the cock ( 5 ; the cock F being at In this imperfed ftate it continued, without farther 
the fame time (hut, to prevent any frefti acceffion of improvements, till, the year 1705, when Mr. Newco- 
Steam from the boiler. Hence, the Steam in E becom- men, an iron-monger, and Mr* John Cowley, a gla- 
ittg condenfed, it leaves the cavity within almoft in^ zicr, both of Davtrooulfo contrived another way to 
tircly a vacuum ; and therefore the prefliire of the at- raife water by Steam, bringing the engine to work 
mofphere at B forces the water through the valve D till- with, a beam and pifton^ and where the, Steam, even at 
the veflel E is nearly filled. The condenfing cock G. thegreateft depths oft mines, is not required to be 
is then fhut, and the Steam cock F again opened f greater thai^ the preflbto of. the atmofphere : and this 
hence the Steam, rufhing into E, expels the water la the ftrudure of the; engine, as n't Iws fince been chiefly 
through the valve C, .as it. before did the air. , Thw ufed^ Thefe gentlemen obtained a» patent for the foie 
JE becomes again filled with hot Steam, which is again ufe of this invention, ‘for 14 years* Thie firft propofal 
cooled and condenfed by the water from G, the fupply theytmade for draining of mines this engine, was in 
of Steam, being cat off by fhutting F^.ai iatheforiner the year 17x1 3 . Iwt very coldly received by 

many 
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Rwny peribnf ih tl»e fouth of England* who did not 
iHiderftand the nature pf it. In 1 7 1 2 they came to an 
agreement with the owners of a colliery at Griff in 
Warwickfhire, where they creded an engine with a 
cylinder of 22 inches diameter. At fird tliey wsi-re un- 
der great difScuIties in many things ; but by the affifl- 
ance of fome good workmen they got all the parts put 
together in fuch a manner, as to anlwcr thcii intention 
tolerably well ; and this was the lirft engineof the kind 
creAed in England. There was at firfl one man to at- 
tend the Steam-cock, and another to attend the injec- 
tion cock ; but they afterwards contrived a method of 
opening and fhutting them by fome fmall machinery 
connected with the working beam. The next engine 
credfed by thefe patentees, w'as at a colliery in the 
county of Durham, about the year 1718, where was 
concerned, as an agent, Mr. Henry Bcightou, K R. S. 
and condiidlor of the Ladies* Diary from the year 
1714 to the yepr 1744 ■ gentleman, not approving 
of the intricate manner of opening and fhutting the 
cocks by firings and catches, as In the former engine, 
fubllituted the hanging beam for that purpofc as at 
prefent ufed, and like wife made improvemeafa in the 
pipes, valves, and fome other parts of the engine. 

In a few years afterwards, thefe engincb came to be 
better underflood than they had been ; and their advan- 
tagei, efpecially in draining of mines, became more 
appaient : and from the great number of them er- died, 
tlicy received additional improvements fiom difiercut 
perfons, till they arrived at tlieir prefent degree of pei- 
fedlion : as will appear in the leqiiel, after we have a 
little confidered the general principles of this engine, 
which are as follow. 

Principles of the Steam 

The principles on which this engine ads, arc truly 
philofophical ; and when all the parts of the machine 
arc proportioned to each other according to thefe prin- 
ciples, it never fails to anfwer the intention of the 
engineer. 

1. It has been proved in pneumatics, that the preflure 
of the atmofphere upon a fquare inch at the eaith *5 
furface, is about 1441b avoirdupois at a medium, or 
1 till) on a circular inch, that is on a circle of an inch 
diameter. And, 

2. If a vacuum be made by any means in a cylinder, 
which has a moveable piflon (nfpended at one tnd of a 
lever equally divided, the air will endeavour to rufli in, 
and will prefs down the piflon, with a force proportion - 
able to the area of the furface, and will raife an equal 
weight at the other end of the lever, 

3. Water maybe rarefied near 14000 times by being 
reduced into Steam, and violently heated : the particles 
of it arc fo flrongly repellent, as to drive away air of 
the common denfity, only by a heat fufiicient to keep 
the water in a boiling Rate, when the Steam is alinoll 
3000 times rarer than water, or 3 i times rarer than air, 
as appears by an expeiimcnt of Mr. Belghton’s; by 
incrcafing the heat, the Steam may be rendered muth 
Wronger $ but this requires great ftrength in the vefTcls. 
This Steam may be again condenfed into its former 

b^stjet of cold water difperfed through it; fo 
that 14O0Q cubic iockes of Steam adni:ttcd into a cy- 


liader, maybe reduced into 'the fpace of one cubic 
inch of water only, by which means a partial vacuum 
is obtained, 

4. Though the pi efTure of the atmorphere be about 
Hi pounds upon every fquarc inch, or 11-^ pounds 
upon a circular inch ; yet, on account of the frldion of 
the fcyeral parts, the lehllancc from fome air which is- 
unavoidably admitted with the jet of cold water, and* 
from fome remainder of Steam in the cylinder, the va- 
cuum is vciy imperfed, and the piflon does not de- 
foend With a foicc exceeding 8 or 9 pounds upon cveiy 
fquarc inch of its fmface, 

'flic gallon of water of 282 cubic inches weiglis 
10; poundb avoiidupois, or a cubic foot 62^ pcninds,. 
or 1000 ounces. I’fie piflon being p re (fed by the at- 
molpheie with a foree proportional to its area in inchc5, 
multiplied by about 8 or 9 jiounds, depreihs that tml 
of the lever, and lailes a column of wat< r in the piimp^i 
of equal weight at the other end, by means of llio 
pump-iods fu/pended to it. Wlun the Steruu is again 
admitted, the pum|i-rods fink by their fuperior weight, 
and the pitlon rifes; and when that Steam is con- 
denfed, the pillun dvfeends, and the pump-rods lift;, 
and fo on allei nately as long as tin* pillon wniiks. 

Jt has been ohierved above, that the piflon does 
not defeend with a foice exceeding 8 or 9 pounds upoir 
every fquiire inch of its fiirfaec ; but by reafon of acci- 
dental fiirl;iojis, and alt I rations in the deulity of t)ic 
air, it will be fafeil, in calculating the pow’cr of the 
cylinder, to allow fomething Icfs than 8 pounds for the 
prefluic of the atmofjdicre, ijj)oii eveiy fquarc inch, 
viz ylb. looz. =: 7‘64lb, orjufl 6!h, upon every ciicu- 
lar inch ; and it being allowed that the gallon of water, 
of 282 cubic inches, weighs 10 Jib, from thefe pic- 
miles the dimcnfions of the cylinder, pumps, &e, for 
any Steam-engine, may be deduced as follows : — 
Suppofc 

c =: the cylinder*8 diatiictci* in Inches, 
p tlie pump^s ditto, 
f the depth of the pit in fathoms, 

^ = gallons drawn by a ftioke of 6 feet or a fathom,- 
b = the hogfiieads diawn ])er hour, 
j the number of ilrokcg per minute. 

Then c* is the area of the cylinder in circular incites,, 
theref. is the pow^r of the cylinder in pounds. 

And - or is ~ n the gallons 

20?. 

contained in one fitthom or 72 inches of any pump ; 
which multiplied by/fathoms, gives Ipy for the gal- 
lons contained in /fathoms of any pump whole diainc-* 

ter is/. , r T 

Hence -f// ^ lO^lb. gives 2// neaily, for tlie 
weight in pounds of the column of water which is to 
be equal to the power of the cylinder, which was be- 
fore found equal to 6r^ Hence then we have the zd 
equation, 

viz, 6 c* = 2/*/, or 3r* = /*/ ; 

the firfl equation being ip* = s* ^ 

From which two equations, any particular circumllancc 
may be determined. 

Or if, inftcad of 6lb, for the preflurc of the air on 
each circular inch of the cylinder, that force be fup- 

pofed 
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p^fed any nnmber a« a pounds; then will the power of 
the cyclindcr Lc and the - 2d equation bccowcff 
jc* St iq6^» by fuhftituiing 5 j^ittllead of p*. 

And farther, 63A 5= 60^/, or 21^ = 20^s. 

From a comparifon of thefe equations, the following 
theorems derived, which will determine the fi*e of 
^ the cylindei- and pumps of any Steam-engine capable of 
drawing a certain quantity of water from any afllgned 
depth, with the prefTure of the atmofphcre on each cir- 
cnlar inch of the cylinder’s area. 

Thefe theorems are more particularly adapted to one 
pump in a pit, But it often happens in pradice, tlmt 
an engine has to draw feveral pumps of different diame- 
ters from different depths ; and in this cafe, the fquare 


of tlic diameter of each ptjuqp mud be moUIpKed by hf 
depth, and double the fum of all the produds will he 
the weight of water drawn at ca^h ftrokc, which is to 
be ufed inllead of tpf for the power of the cylin- 
der. 

The following is a Table, calculated from the fore- 
going theorems, of the powers of cylinders from 30 t(» 
70 inches diameter ; and the diameter and lengths of 
pumps which thofe cylinders arc capable of working, 
from a 6 inch bore to that of 20 inches, together witii 
the quantity of water drawn per flroke and per hour, 
allowing the engine to make i a llrokea of 6 feet per mi- 
nute, and the preffure of the atmofphere at the rate 
of 7 lb 40 oz per fquare inch, or 61 b per circular 
inch. 
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A Table of Theorems fir the readier computing the 
Powers of a Steam-Engine. 

1 

_ ^ 

“ ~ 2<-V 

2 

c - 

a a 2 as 

3 

ac'*' ac*- ^ iac^s 

^ *2^ 10^ 2 \h 

4 

p* ac* ixh 

^ iqJ 20/ 

5 

^ 4 ^*-^ — 

“ 21 ““ al ~ 21/ 

6 

^ . ac* jZxh 
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_ 2 \h ^ 2 lh _ zxfh 

* ^ 4^ ““ aqy zac* 


Taii» 


















S* |. 


[ 


tie| tiow (Jefcribe the Several part} ()f an cn- . 


•tt&sc# itiid : ck^inplify . 


^ - of the forego- 

of, ci^nc, of xht 
moderti 'engines. / Seis fig. 4. 


^o|f 

<oi«p3etcft" of 

A reprefentfi the i}re-pla<fe under thc^boiler, for the 
hoilihg^ of ♦tfie water, and' the afh-hol? "^elow it. 

B, the boiler, filled with' water about three feet 
■‘above the bottom, made of iron plates. 

C, the Steam pipe, through which the Steam paCTea 
from the boiler into the receiver. 

D, the receiver, a clofe Iron veflcl, In which is the 
regulator or Steam- cock, which opens and fiiuts the 
hole of communication at each ftroke. 

E, the comdlunication pipe between the receiver 
and the cylinder ; it rifea 5 dr 6 inches up,^ in the 
infide of the cylinder bottom, to prevent the inje£lcd 
water from del'cending into the receiver. 

F, the cylinder, of call iron, about to feet long, 
"bored fmooth in the infide ; It has a broad flanch in 
the middle on the outfidc, by which it is fupported 
when hung in the cylinder-beams. 

G, the piflon, made to fit the cylinder exaftly : it 
has a flanch rifing 4 or 5 inches upon its upper furface, 
between w'hich and the fide of the cylinder a quantity 
of junk or oakum is fluffed, and kept down by 
weights, to prevent the entrance of air or water and 
the efcaping of Steam. 

H, the chain and pifton fhank, by which it is con- 
nefted to the working beam. 

n, the working-beam or lever : it is made of two 
or more large logs of timber, bent together at each 
end, and kept at the diflancc of 8 or 9 inches from 
each other in the middle by the gudgeon, as reprt- 
fented in the Plate. The arch-heads, ll, at the ends, 
are for giving a perpendicular dIre<Sllon to the chains of 
the plllon and pump-rods. 

K, the pump-rod which works in the fucking pump.^ 

L, and dra\v8 the water from the bottom of the pit 
to %e furface. 

M, a cirtern, into which the water drawn out of the 
pit is conduced by a trough, fo as to keep it always 
full : and the fuperfluou^ water is Carried off by another 
trough. 

N, the jack -head pump, which is a fucking- pump 
wrought' by a fmall lever or working-beam, by means 
of a chain confleitcd to the great beam or lever near 
the arch g at Ihc inner end, and the pump-rod at the 
outer end. This pump commonly Hands near the 
corner of the front of the houfe, and raifes the co- 
lumn of water up to the ciflcrn O, into which it is 
condudted by a trough. 



ing the injed^ion, 
le^ump N : it fixed 


O, the jack-head cittern foj 
which is always kept fuH by 1 , ^ 

fo high at to give the Jet a fufficlent velocity into the 
cylinder wtictt the c^k is opened. Tliis cittern has a 
pipe on the oppofitefide for conveying away the fuper* 
fiuous water. ' 

P P, the inje6llon-pipe, of 3 or 4 inches diameter, 
which turns up in a curve at the lower end, and 
enters the cylinder bottom : it has a thin plate of iron 
upon end a, with 3 or 4 adjutage holes in it, to 
f vovent the jet of cold water of the jack-htad cittern 
' ' ' ' V . 


not wdlrlHng, J to 

/, a fmall pipe whicH br^nchesj,^ from the in- 
jedion-pipe, and has ’a fnwll.cock to lupply tl)e pifton 
witli a little Vrnter to keep it air-tight. ' . 

Q, the worki S, plug, fufpchded by a chain to the 
arch^ of the working beam. - It is ufually ,a heavy 
piece of timber, with a flit vertically down its raiddlr, 
and holes bored horizontally through it, to receive pins 
for the purpofe of opening and {hutting the injc6lion 
and Steam cocks, as it afeends and defeends iDy the 
motion of the working beam. ' 

h, the handle of the fteam-cock or regulator. It 
is fixed to the regulator by a fpindlc which comes up 
through the top of the receiver, , The regulator is a 
circular plate of brafs or caft iron, which is moved ho- 
rizontally by the handle hf and opens .or ttiuts the 
communication at the lower end of the pipe E within 
the receiver. It is reprefented fn the plate by a circular 
dotted line. 

it, the fpanner, which is a long rod or plate of iron 
for communicating motion to the handle of the regu- 
lator : to which it is fixed by means of a flit in the lat- 
ter, and fome pins put through to fatten it. 

kl, the vibrating lever, called the Y, having the 
weight k at one end and two legs at the other end. 
It is fix^d to an horizontal axis^ moveable about 
its centre-pins or pivots m/t, by means of the two 
(hanks op fix'^d to the fame axis, which are alternately 
thrown backwards and forwards by means of two pint 
in the working plug j one pin on the outfide deprelT- 
i«g the fliank 0, throws the loaded end i of the Y 
from the cylinder into the pofition reprefented in the 
plate, and caufes the leg / to ftrike againtt the end of 
the fpanner j which forcing back the handle of the re- 
gulator or fteam cock, opens the communication, and 
permits the fteam to fly into the cylinder. The pifton 
immediately rifing by the admiflion.of the Steam, the 
working beam iT rifes j which alfo ratfea the work- 
ing-plug, and another pin which goes through the flit 
raifes the (hank /, which throws end k of the Z 
towards the cylinder, and, ftrikinn the end of the 
fpanner, forces it forward, atid (nuts the regulator 
Steam-cock. ^ ^ ... 

qr, the lever for opening and fhUtting th? Injf<Slion 
cock, called the F. It has two toes from its centre, 
which take between them the k^y of the injedion cock. 
When the working-plug has impended nearly to ^ts 
greatett ht, and (hut the r^nktdr, a pin catches 
the end V of the F and raifes it iip> which" opens the 
inje^ion-cock, admits a jet of cold water to fly mto 
the cylinder, and, condcnfing the, Steam, makes a 
vacuum ; then the preflure of the atmofpherc bringing 
down the pifton in the cylinder, and alfo the plug- 
frame, another pin fixed in it catchca the end ot t c 
lever in its defeent, an 3 < by prefling it . down, inu 
the injcdtion-cock, at the fame time the regulator 1 
opened to admit. Steam, and fb.on^ternatcly j ^ 
the regulator is Ihut the injcAidn is opcn> aw* 
the former is open the latter is (huU * ^ 
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■ H, the i fmail clilerh iinade of phnka, 

*5vhich receives all Uie vi'afte water from the cylin. 
" dcr. 

S, tjie tj) convey away the water which is 

injedej into the cylimler at each (troke, ]ts hj jh r end 
is even with the infide of the cylinder bottom, iulowir 
end has a lid or cover moveable on a liinoo which 
/erves as a valve to let out the injc(iU\l water, and 
Hints clofe each drokc of the engine, to prevent the 
water being forced up^ again when the vacuuiu is 
made. 

T, the feeding pipe, to fiipply the boiler with wa- 
ter from the hot-well. It ha 3 a cneh to let in a large 
or fmall quantity of water as occalioii ra|niicp, to make 
lip for what is evaporated ; it goes nearly downi to tiie 
boiler bottom. 

U, two gage cocks, the one larger than the other, 
to tiy wlicn a proper quantity of water is in the boiler: 
upon opening the cocks, if (^ne give Steam and tlic 
Ollier w\atcr, it is right ; if they bwfli give Steam, thcie 
is too little water in the boilei j and ii they both give 
water, there is toomucii. 

W, a plate wliicli is {uewed on to a hole on the fde 
of the bollei, to allow a paflage into the boiki lor the 
con venii. lice of cleaning or rcpaiiliig it. 

X, the Sleam-tlack or puppet valve, wlnkli is n liKif} 
valve on the top of a pipe opening Into the boil-.i- to 
let oiF the Steam when it is too Ilroiig. It is lo.ulvd 
with lead, at the lale of one poun<l to an Incli 
fquare ; and when the Steam is neatly llrong enough 
to keep it open, it will do for the woikiiigof the 
engine. 

/, tliC fiiifting valve, by wlukli the air is difeherg^d 
from the cylinder each liroko, which was admitted 
with the injection, and w'ould oLh^rwife obllruct the 
due opcM'ution ot the engine. 

the cylinder-beams; whicli arc ilrong joirti 
going through the lioufe for fuppoiiing the cylin- 
dll. 

the cylinder cap of lend, foldered on tlie top 
f'f the cylinder, to prc\ent the water upon the 
pilrnn fioin ll-atliing over wdicn it rites too high. 

v'c, the wafle-pipe, wiiich condm^ts (he liip<u'1uoU8 
water fiom the tf p i>f the c}lin<ler to the hot wtll. 

nr, iion bars, called tin catch -pins, fixed hori/on- 
t'lliy through cacli arch iiead, to pi event the bi.atri 
dtfcending loo low m cafe the chain ifiOiild bieak. 

;y, two Ilrong w'oodcn fpiings, to weaken loc 
b!'i\v given by the catch pms when the ilioke is loo 
long. 

two friifSon wheels, on which the giulgcr>n or 
centre of the great beam is hung; they aic the thud 
or fourth part of a circle, and move a little cad) way 

the beam vibratts. ''iMiCtr ufe Is to diminilh the 
fdaion of the axis, which, in I'o heavy a lever, would 
< 5 theuvifc be very great. 

When this engine is to be fet to w^ork, the boiler 
^ull be filled about three or four feet deep with whaler, 
^■'d a large fire made under it ; and when the Steam is 
fo. nd to be of a fiiOicient drength by the puppet- 
clack, then bv thrufting back the fpanner, which 
«pen8 the regulator or Steam-cock, tlie bteam is ad- 
mitted into the cylinder, which raifes lUe piilon to the 
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top of the cylinder, and forces out all the air at the 
fnifting valve ; then by turning thcJtcy of the iujeiSlion. 
cock, a jet of cold water is admitted into the cylinder, 
which condenles the Steam and makes a vacuum ; and 
tlie atrnofpherc then piefling upon the pillon, fliiccs 
it down to the hnver pait ot the cylinder, jind makis 
a Aroke by railing tlic column of water at the other 
end ot the beam. Alltr two or ihiee lli okes ate made 
jn thit. manner, by a man opening and flumiiig the 
cocks to tiy il they be light, llieu (lie pins may be 
put into the pin-hoIe‘« in the w'oiking plug, and the eu- 
ppiicktt to turn the cocks of itklf ; wldcli it w-ill do 
widi grtaier exatliiefh than any tra.i can do. 

J iieie aiv in io.r.e eugiuf i, methods of fhultfngand 
(qicmng the cocks diilcient fiotn the one above dc- 
fciibct), hiitpcihap' none better atijpud to the purpufe; 
and a; the jiimciplcs f ii which lliey all at’i aie origi- 
n.'lly (he lame, any cliflercnce in tlie mechanical con- 
Hrni'lujn of tlie finall machinery will have no iw- 
ilucm e of confeq'icnce upon the total clfcd of the grand 
nnchine. 

The hiinare or lire-place fliould not have the baii 
fo clofe as to prevent the fiee admiflion of Itelh air to 
the flic, nor lo open ns to pcirnit the coals to fall 
tlnniigli ihdU ; for whieli purpofe two inches or iheve- 
abouts is fuflKient for the ddlance betwixt the bars, 
'^I’he li/.e (d tlieiuinacc depends upon the* li^e of the 
ho'ler ; but in I’diy Ciife tlic alli-lioie ought to I")*? ca^ 
pacious to admit the air, and the gic'itcr its Iitight the 
better. If tlie Ilamc is condudeJ in a Hue or chimney 
round i!k oiufide oi the boiler, 01 in a pipe unind the 
infide of il, it ought to be giadually diininifhed from 
tin. cnti.Mieeat the fiitnacc to its cgieh. rit the chimney ; 
and tlie fed ion of the chimiuy at tliat place llionld not 
txctid iiie ledion of the flue or pipe, and ibould alfo 
be forn<what lels at the chimney-top. 

'I’ho bode I 01 Veiled in wdiieh the water is rarefied by 
the foice of fire, maybe made of iron plateu, or calt 
iiuu, (u lu< 1 . (ithir nniteiials as can withfl.md the e/fedf 
of the lire, and the chill ie iuicc of the Stiam. It 
may be c<)ii!ideied as ctmlllling (T tuo paits; the np- 
pu* pait whicli is exjjolcd lo the Steam, and the under 
pait \\hi( h is expofed to the fiie, 'I he foim ol the 
lattei liioi'M he Inch as to red Ive the full foice of llio 
file m the iroll idvaiUagcous m.iunti, lo (hat a ciriain 
(piaiiliiy cd bad imiy l-ave the gieateli poikble cffed in 
lualiug and i vapmai iie; tfm w.tlcr ; uhieh is bell done 
by making the Ildt.s ed'iidru il, : lul the bcjltmn a little 
loneave, ami ihm condi;d;ng the Ikirne by an iron Hue 
or iripe round flic i ilidc of the boi.cr beiuaih tlie fui- 
fiec of the water, before it reach the chimney, For, 
by this means, after the fire in iho furnace has heated 
the water by its efledd on the biittmn, the flame heats 
it again by the pipe being v/i»oH) Included in the wa- 
ter, and having every part of its furface in contaifi 
with it ; which is preferable to eauying it in a flue or 
cliifnney r'ound the out fide of the boiler, as a third or 
a half of the fuiface of the flame only could be in con- 
tae‘t with the boiler, the other being fpent upon the 
biick-vi'ork, iii:> eylimhlc lower part may be Icfa in 
its diameter than the upper pait, and may contain 
from four to fix feet perpeDditiular beigbl of w'ater 
in it, 
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Theiippcr ptrt of the hoUci^ w bcfl wade hcmifphc- 
Tical, for refilling thcjclallicitjr of the Steam ; yet any 
<>thcr form may do, provided it be of fufficicnt 
ftrcngth for the purpofe. The quick going of the 
engine depends muen on the capacioufnefs of the 
boiler-top j for if it be too fmall, it requires the Steam 
to be heated to a great degree, to increafe its elaftic 
force fo much as to vi'oik the engine. If the top isfo 
capacious as to contain eight or ten times the quantity 
of Steam ufed each flioke, it will rcquiic no more lire 
to preferve its claiticity than is fufficicnt to keep the 
water in a pn)pcr (late of boiling ; this, therefore, is 
the bed (r/.c for a boiler lop. It the diameter of the 
cylinder be c, and woiks a fix foot llroke, and the 
diameter of tlie boder be fuppofed then 

7CQC^ m or b ^ 2 COf*. 

The efied of the Injedion in condcnfing the Steam 
ill the c}linder, depends \ipon the height of the refer- 
voir and the diameter of the adjutage. If the engine 
makes a 6 feel flroke, then the jackhead eiflern fliould 
be 12 feet perpendicular above tlie bottom of the cy- 
linder or the adjutage. I’he fi/e of the adjutage may 
be from i to 2 inches in diameter j 01 if the cylinder 
he very large, it is proper to have three or four holes 
rather than one large one, in order that the jet may be 
dlfperfed the more effcdually over the whole area of tlie 
cylinder. The injedion pipe, or pipe of condud, 
fhould be fo large as to fupply the injedion freely with 
tvatcr ; if the diameter of the Injedion pipe be called 
and the diameter of the adjutage, then zz 
and rt* = or d = {p. 

For a further account of thefe engines, fee Defagu- 
liers’s Exp. Philof, vol. 2, fed. 14, pa. 465, &c. ; or 
for an abilrad, Martin’s Phil. Brit, number 461, or 
Nicholfon’g Nat. Philof. p. 83 &c. And for an account 
of the improvement made in the lire-cnginc by Mr, 
Payne, fee Philof. Traiif. number 461, or Martin’s 
Vhilof, Bril. p. 87 &.T. 

Mr, Blakcy communicated to the Royal Society, in 
1752, remarks on the bed proportions for Steam-en- 
giiic cylinders of a given content : and Mr. Smeaton 
deferibes an engine of this kind, invented by Mr. De 
Moura of Poilugal, being an Improvement of Savery’s 
conllrudioii, to lender it capable of working itfelf : 
for both tdiich accounts, fee Philof. Tranf. vol. 47 
alt, 29 and 72. 

Wc are informed in the new edit, of the Biograph. 
Brit, in the urticle Brindley, that in 1756 this gentle- 
man, fo well known for his concern in our inland navi- 
gations, undertook to ered a Steam-engine near New- 
€aftlc-under-ldne, upon a new plan. The boiler of it 
was made with brick and Hone, inllead of iron plates, 
and the water vs'as heated by iron flues of a peculiar 
conlliudionj by which contrivances the confumption 
of fuel, necefTary for working a Steam engine, was 
reduced one half. He introduced alfo in his engine, 
wooden cylinders, made in the manner of cooper’s 
ware, inftead of iron ones ; the former being both 
cheaper and more eafily managed in the (hafts ; and he 
likewife fubllituted wood for iron in the chains which 
worked at the end of the beam. He had formed de- 
igns of introducing other improvements into the coa- 


ftru6lion of thl#urerul cngwj b.ul wai diftouraged br 
obftacles that were thrown i^i his vrtfy* ^ 

Mr. Blakcy, fdme years ago, obtaind a patent for 
his improvement of Savery^s Steam-engine, by which 
it is excellently adapted for raifing water out of ponds, 
rivers, wells, &c, and for forcing it up to any heigilt 
wanted for fupplying houfes, gardens, and other 
places ; though it has not power fufficicnt to drain oil 
the water from a deep mine. The principles of his 
conftrudlon are explained by Mr. Fergufon, in the 
Supplement to bis Lectures, pa. 19; and a more par- 
ticular dcTcription of it, accompanied with a drawing, 
is given by ifie patentee himfclf in the Geatleman’j! 
Mno-azine for 1709, p. 392. 

Mr. Blakcy, it is faid, is the (irfl perfon who evt-.' 
thought of making ufe of air t'i an intermediate body 
between Steam and water ; by wdiich means the Suam 
is always kept from touching the water, and confe. 
qucntly from being condenfed by it ; and on tliis new 
principle he has obtained a patent. The engine may- 
be built at a trifling expcnce, in comparlfon of the 
common fire-engine now In ufe ; it will felJom need 
repairs, and will not confume half fo much fuel. And 
as it has no pumps with pillons, it is clear of all tliu’r 
fridion ; and the effcdl is equal to the whole llicngth 
or comprefiive force of the Steam ; which the effed of 
the common fire-engine never is, on account of tlie 
great friftion of the piftons in their pumps. 

Ever fince Mr. Newcomen’s invention of the S^cain 
fire engine, the great confumption of fuel with which 
it is attended, has been complained of as an imnienfc 
drawback upon the profits of our mines. It is a 
known fa£l, that every fire-engine of confideiahlc li/.e 
confumes to the amount of three thoufand pounds 
worth of coals in every year. Hence many of our 
engineers have endeavoured, in the confiru6lion of tlicfc 
engines, to fave fuel. For this purpofe, the fiic-pIace 
has been diminiihed, the flame has been carried round 
from the bottom of the boiler in a fpiral dlreftion, and 
conveyed through the body of the water in a tube be- 
fore its arriral at the chimney ; fome have ufed a double 
boiler, fo that fire might ad in every poffible point of 
contad ; and fome have built a moor-ilone boiler> heat- 
ed by three tubes of flame paffing through it. hut 
the mod important improvements which have heea 
made in the Steam-engine for more than thirty yeais 
palf, wc owe to the fliill of Mr, James Watt ; of 
which we (hall give fome account : premlfmg, that t.ie 
internal (Irudure of his new engines fo much refembks 
that of the common ones, that thofe who are acquaint- 
ed with them will not fail to underftand the mechanilnj 
of bis from the following defeription : has contrive ^ 
to obferve an uniform heat in the cylinder of lus en- 
gines, by fuffering no cold water to touch it, / 
proteding it from the air, or other cold bodies, J 
furrouuding cafe filled with Steam, or with hot air 
water» and oy coating it; over with fubftancesthattrau^ 
mit heat (lowly. He makes his vacuum to 
nearly to that of the barometer^ by 
Steam in a feparate vcfTel, called the condenfer, 
may be cooled at plcafure without cooling the cy 
cither by an injedion of cold water,, or by 
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ttie ft, and generally by bolb. He 

extraas theinjea^tt and detached air, from the 
cylinder or condottfer by pumps, which are wrought by 
the engine itfelf, or blows them out by the Steam. As 
the entrance of air into the cylinder would liop the 
operation of the engines, aud as it is hardly to be ex- 
pefted that fuch enormous piftons as thofe of Steam- 
engines can move up and down, and yet be abfolutely 
tight in the common engines; a ftream of water is 
kept always running upon the pillon, which prevents 
the entry of the air: but this mode of fcciuing the 
plltou, though not hurtful in tiie common oius, would 
be highly prejudicial to the new engines. Their pif- 
fton is therefore made more accurately ; and tfie outer 
cylinder, having a lid, covers it, the Steam is introduced 
above the pifton ; and vvlieii a vacuum is pioduced 
Under it, a 6 ts upon it by its elafticity, as the atmo- 
fphere does upon common engines by its giavity. 
This way of working cfFtcfliially excludes the air 
froni the inner cylinder, and gives the advantage of 
adding to the })0\vcr, by inciTufing the elallieity of 
tiic Steam. 

Ill Mr. Watt’s engines, the cylinder, the great 
beams, the pumps, &c, Hand in their iifual politions, 
Tlie cylinder is fmaller than ufual, in propoitiou to 
the load, and is veiy accurately bored. 

in the moft complete engines, it is furrotindcd at a 
I'lnall diflancc, with another cylinder, fnhiifhed with a 
bottom and a lid. The interflicc between the cylinders 
communicates with the boilers by a large pipe, open at 
both ends : fo that it is always filled with Steam, and 
tliereby maintains the inner cylinder always of the 
fame heat with the Steam, and prevents any condenfa- 
tton within it, which would be more detrimental tlinn 
an equal condenfatioTi in the outer oix:. The inner cy- 
linder has a bottom and pillon as ufual : and as it docs 
not reach up quite to the lid of the outer cylinder, the 
bteam in the interllice has always fiee accefs to the 
wpper fide of the pillon. The lid of the outer cylinder 
has a hole in its middle ; and the pillon rod, which is 
truly cylindncal, moves up and down through tliat lude, 
which is kept Steam-tight by a collar of oakum fciewed 
down upon it. At the bottom of the inner cylinder, 
there arc two regulating valves, one of which admits 
the^ Steam to pafs from the interllice into the inner 
Cylinder below the pillon, or (huts it out at picafure : 
^he other opens or (huts the end of a pipe, which leads 
^0 the condenfer. The condenfer confifts of one or 
more pumps furnilhed with clacks and buckets (nearly 
^ he fame as in common pumps) wiilch are wrought by 
chains fallcned to tl>c great working beam of the en- 
The pipe, which comes from the cjliuder, is 
joined to the bottom of thefe pumps, aud the whole 
condenfer Hands immerfed in a cillern of cold water 
(nppbed by the engine. The place of this cillcrn is 
Cither within the houfe or under the door, between the 
cylinder and the lever wall ; or without the houfe be- 
tween tliat wall and the engine (haft, as convenicncy 
JJtay require. The condenfer being exhaultcd of air 
oy blowing, and both the cylinders being filled with 
the regulating valve which admits the Steam 
** regulator 

^hich.communicateft with the condenfer is opened, and 

bteain >niflic8 into the vacuum of the condenfe^'wiih 


vmlen<^ : but thciT it comes into’cdnt.ift with the 
fidcs of the pumps and pipes meets .1 jet .of dojd 
water*, which w^as opened at the fiiue time with the 
cxhaullion regulator; thcfcinlhiiitly deprive it of itsheat^ 
and reduce it to wafer; and the vucimuu r<'rnaluiug per- 
fedl, fnoic bteain eoniimic b to vufh in, and be couderrlVd 
until the inner cylinder he cxhaulleJ. Then the Steam 
which is above tlic pillon, ccnling to be countera<J:led by 
that which was below it, acts upon the pillon with 
its whole elallieity, and forces it to defeenj to tlie bot- 
tom of the cylinder, and fo raifcs the buckets of the 
pumps wliich aic linng to the other end of the 
beam. '^ 1 ‘he exhaiillinn rcgulatoi is now fiuit, and the 
Steam one opened rjgaiii, which, bv Ictling in the 
Steam, allows the pillon to be nulled up by tbe fuperior 
weight of the pump rods ; and lo tlu engine is ready 
foi another llroke. 

Hut the nature of Mi , Watt’s impiosvrff|||^Bmbe per- 
haps better underffood tromtlic following tMlWption of 
it as refetred to a lupire.— '!'he cylinder or Steam velHd 
A, of this engine (fig. pi. 2 *; ), is f!uit at bottom and 
oj)ciu‘dat top as ulnal ; aud is included in an outer cy-i 
liuder or cafe BH, of wood or metal, covered with run- 
tcriah which tranfmit bent floaly. This cafe is at i 
finall dlllaiice from the Cylinder, and clofc at both end-. 
The cover C haft a hole in it, through which the pilloti 
rod E Hides ; and nc.ir the bottom 18 another hole F, 
by which the Steam fiom the boiler has always fre<i 
entrance into this cafe or outer cylinder, and by tlie 
interllice GG between thet^o cylinders has accefs to 
the upper fide of the piftoti HH. To the bottom of tbrf 
inner cylinder A is joined a pipe I, with a cock or 
valve K, which ift opened and Ihut when uccefTniy, and 
forms a paflage to another velTcl L called a Conilenfert 
made of thin metal, 'rius voflll is immerfed in a cillern 
M full of cold Water, and it is contrived fo as to ex- 
pofe a very great furface externally to the water, ami 
internally to the Steam, ft is alfo made air-tight, and 
lias pumps N wrought by the engine, whicli keep it al- 
ways cxhaiillcd of air and water. 

Both the cylinders A and BB being filled with Steam, 
the palTagc K is opened from the imicr one to the con- 
denfer L, into which the Steam violently ni flies by its 
dallicity, lieraufc that vtflci is exhanlled ; but an foori 
as it enters it, coming into contact wiili the cold matter 
of the condenfer, it is reduced to water, and, the va- 
cuum dill remaining, the Steam roiitinnc'i lo rufli in fill 
the inner cylinder A bdoW the pillon is left empty. The 
Stc.iin wliich is above the pillon, cealing to be counter- 
acted by that which is below it, uCls upon the pillon 
HH, and forces it to dcfccnd to the bottom of the cy- 
linder, and fo raifcs the bucket of the pump by means 
of the lever. The paffage K between tlie inner cylin- 
der and the condenfer is then Oiut, and another pafTage 
O is opened, wliich permits the Steam to pafs from the 
outer cylinder, or from the boiler into the inner cylin- 
der under the pidon ; and then the fuperior weight of 
rhe bucket and pump rods pulls down the outer end of 
the lever or great beam, and taifea the pifton, which is 
fufpended to the inner end of tlie fame beam. 

The advantages that accrue from this conftrn 6 licn 
.lrc, firll, that the cylinder being furrounded with the 
Steam from the boiler, it is kept always uniformly as hot 
as the Steam itfcif, and is therefore incapable of deftroy- 
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of livhi^b ibould (i}!It« as the 

^mmoa engines do* , SecoiK!Iy> the condeoCer being) 
kept always as cold as water can be pi^ocured, bud 
colder than the point at which it bolts in vacuo, the 
^team is pcrfedlly condenfed, and does. not oppofe the. 
defeent of the piilon ; which is therefore forced down 
by the full power of thc^Steam from the boiler, which 
18 fomewhat greater than that of the atmofphcre. t 

In the common fnc'engines, when they are loaded to 
7 pounds upon the inch, and arc of a middle fize, the 
quantity of Steam which is^conclenfed in reftoring to 
the cylinder the heat which it had been deprived of by 
the former injedtiou of cold water, is about one full of 
the cylinder, belides what it really required to fill that 
veflel ; fo that tw’ice the full of the cylinder is employed 
to make it raife a column of water equal to about 7 
pounds fquare inch of the piflon : or, to take 

It moreJ^^b a cubic foot of Steam ralfcs a cubic 
foot df^MPP^out 8 feet high, beGdes overcoming the 
fridion oTthc engine, and the lefiilance of the water 
to motion. ' 

In the improved engine, about one full and a fouith 
ot the cylinder Is required to Gll it, hecaufe the Steam 
is one-fourth more dcufe than in the con.mou engine. 
This engine raifes a load equal to 12 pounds and u half 
Upon the fquare inch of the pifton ; and each cubic foot 
of Steam of the den fit y of the atmofphere, railed one 
cubic foot of water 22 feet high. 

The working of tliefe engines is more regular and 
fteady than the common ones, and from w^hat has 
been faid, their other advantages feem to be very 
confidcrable. 

It is faid, that the favings amount at leall to two 
thirds of the fuel, which is aA important obje6l, efpe- 
cially where coals are dear. The new engliKs will 
,raife from twenty thoufand to twenty-four thoufand cu- 
bic feet of water, to the height of twenty-four feet by 
one hundred weight of good pit coal : and Mr, Watt 
has propofed to produce engines upon the fame princi- 
ples, though fomewliat differing in conllruflion, which 
will require Hill much Icfs fuel, and be more convenient 
for the purpofes of mining, than njiy kind of engine yet 
ufed. Mr, Watt has alfo contrived a kind of mill wheel, 
which turns round by the power of Steam everted 
within it* 

The improvements above recited were invented, by 
Mr. James Watt, at Glafgow, in Scotland, in 1764: 
he obtained the king’s letters patent for the foie tifc 
of his invention in 1768 j but meeting with difficulties 
in the execution of a large machine, and being .other- 
wife employed, he laid affde the undertaking till the 
year 1774, when, in conjunction with Mr, Boulton 
near Birmingham, he completed both a reciprocating 
and rotative or wheel engine* He then applied to par^a* 
ment for a prolongation of the term of his patent, which 
was granted by an ad paffed in 1 775. Since that time, 
Mr. Watt and Mr. Boulton have creded feveral enginca 
In Siaffordlhire, Shroplhire, and Warwickffiire, and 
a fmall one at Stratford near London. They have alfo 
lately finiihed another at Hawkefbury colliery near 
Coventry, which is jtiftJy ^ fuppoftd to be the mod 
^owerfm engine in England. It has a , cylinder 58 
inches in diameter, whl<^ worke a pump, 44 inches in 
di|»fter, 65 &th^ higl^?iitdn^s regularly twelve 


Tbtrhwed, 

(p creded'feyeral cpgtn^s lA Cornw^ ^ .one of which 
has a ,cy tinder 30 inches in that works a 

pump ,0# inches in diameter in two by flat rods, 
with great frldion, 300 feet diljtant from each other 
45 fathoms, high in each (haft, equal ip all to 90 fa! 
thorns, and can make 14 llrokcs, 8 feet long, in a mi* 
nute,' with a confumption of coals lefs than 20 bulhels. 
in 24 hours. The terms they offer to the public are, to 
lieu of all profits, one third part of the annual 
favings in fuel, which their engine makes when com* 
pared with a common eigine of the fame dlmenfions 
in the neighbourhood. The engine^ are built at the 
cxpence of thofe who ufe them, and IVIeffrs. Boulton 
and Watt furnilh fuch drawings, dire^bions, and 'at- 
tendance, as may be neceffary to enable a refident engU 
neer, to complete the machine. See the appendix to 
Prycc’s Mincralogla, &c, 1^78. 

It has been faid that fome^ ufeful improvements have 
been made in the Steam engine by Mr. WiIH^m 
P owel, who had lately the diredion and care of an en- 
gine of this kind at a colliery near Swanfea, in Glarnor- 
ganfliire. 

It is hardly neceffary to add, that Dr. Faick, in 
1776, publidied an account and defeription of an im- 
pioved Steam-engine, which, as he fays, vill, with 
the fame quantity of fuel, and in an equal fpacc of 
time, raife above double the quantity of water railed 
by any lever engine of the faraediiuenfions ; as he does 
not feem to have conftruded even a working model of 
his propofed engine. The principal improvement, 
however, which he fuggefts, is to ufe two cylinders *, 
into which the Steam is let alternately to afeend, by a 
common regulator, which always opens the communi- 
cation of the Steam to one, whilil It fhuts up the open- 
ing of the other ; the pillon rods are kept (by means 
of a wheel fixed to an arbo.ur) in a continual afeeuding 
and defeending motion, by which they move the com- 
mon arbour, to which is affixed another wheel, muviilg 
the pump rods, in the fame alternate diredion as the 

ifton rod!», by which continual motion the pumps aic 

epc In conllant adion. 

STEELYARD, or Stilyard, in Mechanics, a 
l^ind of balaniie, called alfo, Statcra Romanay or the 
Roman Balance^ by means of which the weights m 
different bodies arc difeovered by ufing one 
weight only. 



The cosumw SteelyurfconEai of 
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nCfed a pelffiilWlar C®. On the ftiorter arm AC ia 
liiijig a ftJc ^^afon to rwcive the bodies weighed : 
the moveable weight I is (hifted backward and forward 
on the beam, till it be a countcrbalajrcc to i, 2, 3, 4, 
fltc pounds placed in die fcalc ; and the points arc noted 
where the con ft aiit weight I weighs, a^> r, 2, 3, 4, 3:c 
poun^ds. From thi';^ coiiftrudlion of the Steelyard, the 
manner of utrng it is evident, lint il>e inftrument is 
very liable to deceit, and therefore is not much ufed in 
ordinary commerce. 

Cbmtfe Steelyard. The Chinefe carry this Sta- 
tera about tliem to weigh their gems, and other things 
of value. The beam or yard is a fmall rod of nood or 
ivory, about a foot in length : upon this are thr. c ndcs 
of meafure, made of a line filver-lludded woik ; they 
all begin from the end of the beam, whence the linl is 
extended 8 inches, the fccond 6i, the third 8|. The 
firll is the Europ ean meafure, the other two feem to 
be Chinefe meafuies. At the other end of the yard 
hangs a round fc.de, and at three fe\cral diftanccs from 
this er.d are fallciied lo many flcndcr An ,^s, as differ- 
ent points of fufpenfion. The firll (h l.-'nce makes 
if or 5- of an nicli, tht. fecond 3] or the firft, 

and the tliiid 4^ or triple of the firiU When they 
weigh any thing, they hold up the yard by ioine one of 
thefe firings, and harg a fealed weight, of about 
z|oz troy weight, upon the u fp.^livc divifions of the 
rule, as the thing requires. Grevv's Mufeum, pa. 369. 

Spring Steelyard, is a kind of poit^ible balance, 
ferving to weigh any matter, from i to about 40 
pounds. 

It is compofed of a brafs or iron tube. Into which 
goes a rod, and about that is wound a fpiing of tempered 
itccl in a fpiral form. On this rod are the (hvifions of 
pounds and parts of pounds, which are made by luccef 
fively hanging on, to a ^/ok faflened to the otiar end, 

2, 3, 4, See, pounds. 

Now the fpring being faftened bv a fcicw to the bot- 
tom of the rod ; the greater tlie weight is that is hung 
upon the hook, the more will the fpring he contrat^lcd, 
and confcquently a greater part of the rt.d will come 
out of the tube ; the proportions or (pianiirits of which 
greater weights are indicated by the figures appearing 
againll the extiemity of the tube. 

Steelyard- In the Pliilof. Tranf, (no. 462, 
s) is given an account of a Steelyaid fwing, pro. 
pofed as a mechanical method for affilling cliildtcn la- 
bouring under deformities, owing to the contrailion of 
the mufcles on one fide of the body. Tne crcx)ked 
perfon is fufpended w ith cords under his arm, and thefe 
are placed at equal di (lances from the centre of the 
beam. It is fuppofed that the gravity of the body will 
affcdl the contraacd fide, foas to put the mufcles upon 
the ftretch ; and hence by degrees the defed may 
be remedied. 

STEEPLE, an appendage ufually raifed on the 
weftern end of a church to contain the bells.— -Stee- 
ples arc denkomimitcd from their form, cither Jptre/p or 
towen. The firft are fuch as rife continually dirainifti- 
lag like a cone or other pyramid. The latter are mere 
paraUdopipedoaa, or fome other prifm, and are covered 
top each therein ufually^a 
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and fo contrived as to throw it downward, 

Mafuis, in his treatife on bells, treats likewife of 
Steeples. The moll remarkable in the world, it Is faid, 
is that at Pila, which leans fo much to one fide, that 
you tear every moment it will fall j yet is in no danger* 
This odd difpofition, he obferves, is not owing to a;: 
fhoclc of an earthquake, as is generally imagined ; but 
was coiiti.’vcd fo at firll by the architect ; as is evident 
from the cielings, windows, doors, &c, wliieh aic all 
in the bevel. 

S rh.hR AGE, in a Hiip, that part next below the 
quarter-deck, before the bulk-head of the great cabin,, 
where the ftecrlinan Hands in moft fhips of war. lu 
large lhij»s of war it is uled as a hall, through which it 
is neeeffary to pafs to or fiom the i>uat cabin. In 
m«'rcl)ant Ihips it is mollly the habitation of the lower 
ofiicers and fhip’s crew. • 

Stefraoe, in Sea-langnage, is alfo ufed to exprefi 
thccffoit of the helm; and hence 

Stf.i* R AGE-w/Ty is that degree of progrelfive motion 
communicated to a Ihip, by which fhc becomes fufeep* 
tible of the cftei^l of the lieltn to govern her conrfe. 

STEKRINO, in Navigation, the art of dire 6 ling 
the Ihip’s way by the movements of the helm ; or of 
applying its efforts to regulate her courfe when ffie ad»^ 
vances. 

The pcrfedlion of Steering confiffs in n vigilant at- 
tention to the motion of the ihip’u head, fo to check 
eveiy deviation from the line of her courfe in the (irll in- 
ftant of its motion ; and in applying as little of the 
power of the helm as poflible. P>y this means fhe will 
run more uniformly in a llraight path, as declining Icfs 
to the right and left ; whereas, if a grtatcr effort of the- 
helm be employed, it •will produce a greater declination 
from tlu courfe, and nrit only ijicreale the diffieiilty of 
Steering, but alfo make a crooked and inegularpath 
through the water. 

The hdinfman, or ffcerfinan, fhould diligently watch 
the movements of the In ad by the land, clouds, moon, 
or ffais ; bicaiife, although the courfe is in gcntial re- 
gulated by the c<-rnpafs, yet the viLiations of the needle 
arc not h) quickly perceived, as the fallies of the ffiip's 
head to the riglit or left, which, if not immediately rc- 
flraincd, will acquire additional velocity in every inftanf 
of their motion, aiidrerpiiie a more penver fill impulfc ()f 
the helm to reduce them ; the application of which 
wdl f>peratc to turn her head as lar on the contrary 
fide ol her courfe. 

The phrafes ufed in Steering a fhip, vary according to 
the relation of the wind to her courfe. Thus, when the 
wind is large or fair, the phrafes ufed by the pilot or offi- 
cer wlio fuperintends the Steerage, are port^flarboard^ax^^ 
Jiiuidy : the firft of which is intended to dirc<^l the fhip *8 
conrfe farther to the right ; the fccond to the left ; and 
tlm lafl 18 defigned to keep her ex.dly in the line OD 
which fhe advancer’, according to the intended courfe. 
Th ' excefs of the firft and fecond ruovement is called 
hard a P'^rt^ and hanUa-Jiarhoard : the former of which 
gives her the grenteft poflible ini 1 nation to the rigKt, 
and the latter an equal tendency to the left.— If, on 
the contrary, the wind be fcant of foul, the phrafes are 
lujf^ and no nearer : the firft tf which is the order 
to keep her clofe to the tyind \ the fccond, to retala 
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itH prefcBt fituatiofi) (^tbethirdi to keep 
hbr fail* full. 

1 >S TELLA. See Star* » * 

•wSTENTOROPHOJSflC Tdfi a Sp^ailng Trumpet, 
or tube employed to fpcak to a perfon at a great dif- 
tsnee. It has been Ib called from Stentor, a perfon 
mentioned in ike ^ih book of the Iliad, who, as Homer 
tells us, Gowld call out louder than 50 men. The 
Silentorophonic horn of Alexander the Great is famous; 
with this it is fald he could give orderi to his army at 
the diftance of 100 ftadia, whiih is about 12 Euglifh 
miles* 

Tlic prefent fpcaking trumpet It is faid was invented 
by Sir Samuel Moreland. But Dtrham, in his Phyfico- 
Theology, lib. 4, ch. 3, fays, that Kircher found out 
iliis inttrumeut to years before Moreland, andpublUhed 
it in his Mefurgia ; and it is farther faid that Gafpar 
Schottus had fecn one at the Jefuits* College at Rome. 
Alfo one Conyers, in the Philof. Tran f. number 141, 
givts a deferiplion of an Inllrument of this kind, dif- 
ferent from thofe commonly made. Gravefande, in 
his Philofophy, difapproves of the ufual figures ofthefc 
infiruraents ; he would have them to be parabolic 
conoids, with the focus of one of its parabolic fedions 
kt the mouth.^Concerning this inftrument, fee Stiir* 
my ^8 Collegium Curiofum, Pt, 2, Ttntam. 8; alfo 
Phtlof. Tranf. vol. 6, pa. 3056, vol. 12, pa. 1027, or 
Abrldg.vol, 1, pa. 50^. 

. STKREOGRAPHIC Projeakn 0/ the Sphtre, is 
that in which the eye is fup|X)fed to be placed in the 
kirface of the fpbere. Or it is the projedlion of the 
cii-cleb of the fphere on the plane of fomc one great cir- 
clay when the eye, or aluminous point, is placed in 
the pole of that ciicle. — For the fundamental principlis 
and chief pi’opcrtiea of this kind of piojedtion, fee 
Projection. 

STEREOGRAPHY, is the art of drawing the 
forms of folids upon a plane. 

, STEV^IN, Stevikus (Simon), a Flemifli mathe- 
matician of lirtigt’S, who-died in 1633. He was mailer 
flf mathematics to prince Maurice of Naflau, and in* 
I’pcilor of* the dykes in Holland. It is laid he was the 
uiventbr of the failing chariots, fometimes made ufe of 
in Holland. He was a good praftlcal mathematician 
and mechanift, and was author of fcveral ufeful works ; 
as, treatifes on Arithmetic, Algebra, Geometry, Sta- 
tics, Optics, Trigonometry, Geography, Afironomy, 
Fortification, and many others, Iii the Dutch language, 
which were tranflated 'Latin, by Snellius, and 
printed in 2 volumes folio. There arc alfo two editions 
in. the French language, in folio, both printed at Ley- 
den, the^onc in i6oS, and the other in 1634, with 
curious notes and additions, by Albert Girard.— For 
a , particular account of Stevin’s inventions and improve- 
ments in iUgebra, which were many and ingenious, 
(ce our article Algebra^ voU », pa. St and 83. ' • 

STEWART (the Rev. Dr. Matthew),' kte 
pjroftlTor of mathematics in the univeHhy of Edinburgh, 
was the fon of the reverctrd Mr. Dcrgald Stewart, mi- 
itillcr of Rothfay in the Ifle of Bute, and tvas born at 
t|at place in the year 1717. After having finifhed his 
CQUrCe' at the grammar fehool, being intended by his 
for the church, he was feilt to th^ univerfity'i^f 
kud' was entered as k iltidedt m'17^4^ 



His 

and fuccefs V aidHe tlai^ iss^ 
diftingttilhcd'by the fnendftMi» M ‘Dr. lihrithefon, and 
Dri Simfoo the celebrated gedinetrfetan, under whom' 
he made great pro(|rrer8 in thkt fcience^ 

Mr. Stewarl^s views made it ncccffery for him to 
attend the Icdures in the univcrfity of Edinburgh in 
1741 ; and that his mathematical ftudles mi^ht fuffer 
no interruption, he was introduced by Dr. Simfon to 
Mr. Maclaurin, who was then teaching with fo mnch 
fuccefs, both the geometry and the philofophy of New- 
ton, and under whom Mr. Stewart made that proficiency 
which w'as to be expeded from the abilities of fuch a 
pupil, direfted by thofe offo great a mailer. But the 
im^ern analyfis, even when thus pow'erfully recom- 
mended, was not able to withdraw his attention from 
the rcliih of the ancient geometry, which he had im. 
blbcd under Dr. Simfon. He ilill kept up a regular 
correfpondence with this gentleman, giving him an 
account of hisprogrefs, andof hisdifcoverics in geome- 
try, which were now both numerous and importanr, 
and receiving in return many curious communications 
with refpcil to the Loci Plant, and the Poiifms of 
Euclid. Mr. Stewart purfued this latter fubjeil in <\ 
different, and new^ diredlion. In doing lb, he was led 
to the difeovery of thofe curious and intereiliug propo- 
fitions, which were publifhed, under the title of CaicYal 
Theorems, in 1746. They were given without the 
demonftrations ; but they did not fail to place their 
difeoverer at once among the geometricians of the liill 
rank. They are, for the moil part, Forifms, though 
Mr. Stewart, careful not to anticipate the difcoveriis 
of his fiiend, gave them only the name of Theorems. 
They are among^ the moll beautiful, as well as moil 
general propofitions, known in the whole compafs of 
geometry, and arc perhaps only equalled by the re- 
markable locus to the circle in the feCond book of 
Apollonius, or by the celebrated theorem of Mr. Cotes, 
Such is the hiilory of the invention of thefe propo- 
fitions ; and the occaiion of the publication of them 
was as follows. Mr. Stewart, while engaged in them, 
had entered into the church, and become minillcr of 
Rofeneath. It was in that retired and romantic fitua- 
tion, that he difeovered the greater part of tliofe theo- 
rems. In the fummer of 1746, the mathematical chair 
in the univeifity of Edinburgh became vacant, by the 
death of Mr, Maclaurin. The General Theorems had 
not yet appeared ; Mr. Stewart was known only to hts 
friends; and tlie eyes of the public were natu/ally turned 
on Mr. Stirling, who then refided at Leadhills, w 
who was well known in the mafhcmatical world. He 
however decKned appearing as a candidate for the vacant 
chair ; and feveral others were named, among vvnoin 
was Mr. Stewart. Upon this odcafion he printed 
the General Theorems, which gave their author a de- 
cided fuperiority above all the otbeV candidates. 

was acebrdin^y defied profeflbr of mathematics m 1 1 
unifcrfity of Edinburgh, in September 1747* , r 

The duties of this o^c gave a turn fomewnat 
ferent to bis mathematical purfuits, and led . 
think of the moft fimplc mwl ekgant ihcans of 
ing thijfe difficult piopofitions, which were hi 
ofJly acccffible td men deeply vetfed in the . . 

lyfis. In ddlng thi% he iras^pwtog thc objca whia • 
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ii^€»itly Wlfhcd to atUtn* viz, 
the «pflio«tiorof ffeometry to fuch problems as the 
alffebrAic calcvldjl atone had been thought able to re- 
foTve. His folutioiT of Kepler’s problem was the firft 
fpccirncn of this kind which he gave to the world ; and 
it was perhaps impofliblc to have produced one more 
to the credit of the method he followed^ or of the 
abilities with which he applied it. Among the ex- 
ccllent folutions hitherto given of this famous problem, 
there were none of them at once dire6: in its method, 
and fimple in its principles. Mr. Stewait was fo happy 
as to attain both thtfeobjed^s. He founds his folutioii 
on a general property of curves, which, though very 
fimpIe, had perhaps- never been obferv^ ; and by a 
mod ingenious application of that property, he (hows 
how the approximation may be continued to any dc- 
glee of accuracy, in a feries of rcfulls whicli converge 
with great rapidity. 

This foliition appeared in the fecond volume of the 
EfTays of the Philofopliical Society of Edinburgli, for 
the year 1756. In the firft volume of the fame col- 
ledion, there are fome other propofitions of Mr. Stew- 
ait’s, which are an extenfion of a curious theorem in 
the 4th book of Pappus. They have a relation to the 
fubjeif of Porifms, and one of them forms the 91ft of 
Dr. Simfon’s Relloration# 

It has been already mentioned, that Mr. Stewart 
had formed the plan of introducing into the higher 
parts of mixed mathematlcb, the ftrid and fimple form 
of ancient demonftration. The profecution of this 
plcin produced the Tracts Phyficat and mathematical^ 
which were publifhed in 1761. In the firft of thefe, 
Mr. Stewart lays down the decline of centripetal forces, 
in a feries of propolitions, demonftrated (if we admit 
the quadrature of curves) with the,utmoft rigour, and 
requiring no previous knowledge of the mathematics, 
except the elements of plane Geometry, and of Conic 
Se^fibns. The good order of thefe propofitions, added 
to the clearnefs and fiinplicfty of the demonftrations, 
renders this Traift perhaps the beft elementary trcatifc 
of Phyfical Aftronomy that is any where to be found. 

In the three remaining Tracts, our author had it 
in view to determine, by the fame rigorous method, 
tile effect of thofe forces'which difturb the motions of 
a fccondaiy planet. From this he propofedto deduce, 
not only a theory of the moon, but a determination of 
the fun’s diftance from the cartli. The former, it is 
well k^o^v^^, is the moil difficult fubjedf to which ma- 
thematics have been applied, and the refoliitlon re- 
quired and merited all the clearnefs and fimplicity which 
our author poflefled in fo eminent a degree. It muft 
be regretted therefore, that the decline of Or. Stewart’s 
health, which began foon after the publication of 
the Trafls, did not permit him to purfuc this invefti- 
gation. 

The other objeff of the TraAs was, to determine 
the diftance of the fun, from his clfcA in difturbing 
the motions of the moon ; and his enquiries into tlic 
lunar irregularities had furnilhed him with the means 
of Bccompliffiing it. 

The theory of the compofition and refolution of 
forpes enables ut to determine what part of the folar 
torce it ^m^yed in difturbiiTg the motions of the 
moonj anil therefore, could we meafurc the iaftanta- 
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ncouieffeft of that force, or the nutnbetof feet by whielh 
It a^elerates or retards the moon’s motion rn a feepnd, 
we mould be able to determine how many ftet the w-holc 
force of the fun would make a body, at the diftance of 
the moon, or of the earth, defeend in a fecond of time, 
and confequently how much the earth is, in every iii» 
Hunt, turned out of its rcdlilineal courfe. Thus the 
curvature of the earth’s orbit, or, which is the fame 
thing, tlie radius of that 01 bit, that is, the diftance of 
the fun from tlic earth, would be determinyd. But 
the faft is, that the inilaiitaiitoiis efle^ls of the fun’s 
diftiiihing force arc too minute tc' be meafured ; and 
that it is only the efic6\ of that h)ice, continued for 
an entire revolution, or fiiinc confideidhle poition of a 
revolution, which allionomers arc able to obfei-ve. 

There is yet a greater difficulty which tuibanaflcs 
the folulion of this pioblem. For as it is only by the 
difierence of the forces exerted by tlic fuu on the earth 
and on tlic moon, that the inoiions of the latter are 
difturbed, the faitlieroff the fun is liippofed, the lefs 
will be the foice by which he diftuihs the moon’s mo** 
tions; yet that force- will not dimlnifli beyond a fixed 
limit, and a certain difturbance would obtain, even if 
the diftance of the fun were inliniic. Now the fun is 
a^lually placed at fo great a diftance, that all the dif- 
turbancts, which he produces on the lunar motions, 
arc very near to this limit, and thercfiirc a fmall rnif-^ 
take in eftimating their ipiantity, or in leafoning about 
them, may give tlie diftance of the fmi inlinlte, or even 
impoifihlc. but all this did not deter Dr. Stewart 
fioni undcitaking the folution of the problem, with no 
other affiiiance than that which geometry could afford# 
Indeed the idea of fuch a problem had firft occurred 
to Mr, Machin, who, in his book on the laws of the 
moon’s motion, has juft mentioned it, and given tlic 
rcfult of a rude calculation (tlic method of which he 
does not explain), which afligns 8'^ for the parallax of 
the fun. He made ufe of the motion of the nodes; 
but Dr, Stcwait confidcrcd the motion of the ‘Tpogec, 
or of the longer axis of the moon’s 01 hit, as the irre- 
gulailty belt adapted to hispurpafe. It is well know-ir 
that the orbit of the moon is not immoveable ; but 
that, in confccjucnce of tlie difturbing force of the fun, 
the longer axis of that orbit lias an angular motion, by 
which It goes back ab</Ut 3 degrees in cvciy lunation, 
and completes an entire i evolution in 9 years nearly. 
This motion, though very remarkable and eafily dc* 
tennined, has the fame fault, in refpe^f of the prefeirt 
problem, that was afenbed to the other irregularities 
of the moon : for a very fmall pnit of It only depends 
on the parallax of the fun ; and of this Dr. Stcwait 
feems not to have been perfectly aware. 

The propofitions however which defined the relation 
bctw'ccn the fun’s diftance and the mean motion of the 
apogee, were publifticd among the Trads, in 1761.. 
The tianfjt of Venus happened In tl.at fame year :,the 
aftronomera returned, who had view < d that curious 
phenomenon, from the moft diftani liationt; and no» 
very fatisfadory rcfult was obtained from a comparifon 
of their obfervationp. Dr. Stewart then rcfolvcd tt> 
apply the principles he had already laid down f and, 
in 1763, he publifticd his effay on the Sun’s Diftance, 
where the computation being adually made, the pa** 
rallax of the- fun wai fouud to be no more than 6'^* 9^' 

and 
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ind c^nTt-qiiently liis dlllance almoft 29^75 femldiame- 
ici s of tfic earth, or neatly 1 millions of mile*. 

A (leteirninaiion of the fuft’s diilance, that fo far 
exceeded all former cdim:lt^6n^lo^ it, was received with 
fnipiile, and the rtafonlng on which it was founded 
was likely lu ur.de’-go a fvere examination^ But, 
even among aftronomers, it was mn. every one who 
could judg^ in a matter of fucli duhcult dlfcuinon. Ac- 
couliii;tly, it was not till about 5 y eai > after the pub- 
lication ot the fun’s diilancc, ih (t there appealed a 
pam[yhlet, under the iitle of /"ojtr I'ioJj /itiorn^ intended 
to point nut certain errors in i)r. StcwaiL’s invelligation, 
which had given a refulr much greater than the truth. 
From his dcfirc of fimplir/ing, and of employing only 
thc geometrical method of rcafoning, he was reduced 
to the iiercHity of i ejecting qnaiUilit'g which were 
jconliderd)le enough to have a gi<at efluft on the lall 
refiilt. An eiior was tlins iut induced, uhich, had it 
not been for c' it u‘n cunipenfatiom*, vvonld have become 
immediately ob\ious, by giving the fun’s diilancc near 
thiee limes as gte.it as that which has been mentioned. 

The author of the pamphlet, lefeiied to above, was 
the full who remaikcd the dangcioiis r.ature of ilicfe 
f mplilications and who attempted to eilimate the error 
to wddeh thev had given li'c. Tli is author remai ked 
what produced tl.e comiKuiation above mentioned, viz, 
(he Iminenie variation of tin fun’s dill tncc, which coi* 
refponds to a very fniall variation of the motion of the 
mooidb vnpogee. And it is but jullice to acknowledge 
that, bcfides being juft m the points ah eady mentioned, 
they arc very iiigcniuiis, and vviltteu with niuchmodelly 
and good temper. TheauUii^r, who at firft concealed 
his name, but has now conlcntcd (0 its being made 
public, was Mr. Dawfon, a furgeon at Sudbury iu 
Vorkftiire, and one of the moll irgenious mathemati. 
clans and philofophers this country now poflclTes. 

A fccond attack ivas foon after this made on the 
Sun’s Diilancc, by Mr. Landen ; but by no means 
with the fame good temper which has been remaikcd 
in the former. He fancied to himfclf errors in Dr< 
Stewart’s invefligation, which have no exillcnce ; he 
exaggerated thofe that were real, and feemed to triumph 
in the difeovery of them with unbecoming exultation, 
tf there are any fubjedts on which men may beexpe 61 cd 
to rcafon dllpafTionately, they are certainly the proper- 
ties of number and extenfion ; and whatever pretexts 
nioralllls or divines may have for abufing one another, 
mathematicians can lay claim to no fuch indulgence. 
The afperity of Mr. Landen’s animadverfons ought 
not theiefore to pafs uncenfured, ihohgh it be united 
with found rcafoning and accurate difeuffion. The 
error into w'hich Dr. Stewart had fallen, though firft 
taken notice of by Mr. Dawfon, whofe pamphlet was 
fent by me to Mr. Landen as foon as it was printed 
(for 1 had the care of the edition of it) yet this gentle- 
man extended his remaiks upon it to greater exa^tnefs. 
But Mr. Landen, in the zeal of correftion, .brings 
many other charges againft Dr. Stewart, the greater 
part of which feem to have no good foundation. Such 
are his oh]e£lions to the ftcond part of the inveftiga- 
tion, where Dr. Stewart Hnds the relation between the 
didurbing force of the fun, and the motion of the apfea 
of the lunar orbit. For this part, inftead of being 
tp objedlioo, defervbg of the praife, 


fince it vcfolvcs, by geometry alone, ai problem which 
had eluded the efforts of fome of the ablell mathemati# 
clans, even when they availed themfelves of the utmoll 
rcfources of the integral calculus. Sir Ifaac Newtcn, 
though he affumed the difturbing force very near the 
truth, computed the motion of the apfts from thence 
only at one half of w'hat it really amounts to ; fo thar, 
had lie been leqnired, like Dr. Stewart, to invert the 
problem, he would have committed an error, not merely 
of a lew thoiifandth parts, as the latter is alleged to 
have done, but would liave broiiglrt out a rehilt doiihle 
ofthetiulh. (Fnncip, Math. Lh. 3, prop. 3.) 
and Callendrini, W'hen commenting on this pait of the 
Prineipia, found a like inconliiltney b' fweeii t'e.cir 
theory and ol)rervalion. 'I'hree other Cflebrated ira- 
thematicians, Clairaut, D’Alembert, and Fiikr, Ic- 
verally experienced the fame dlllicnlties, and wxrcki 
into an error of the fime mrignitude. Jt is true, th.ii, 
on rcfuining their computations, they found that tlicy 
had not carried tlieir ap])roximations to a fL’ilieie'* 
length, whieli when they had at lall aceomplilhed, th ‘ir 
rehills agreed exadfly w’itli obLrvation. Mr. Wahiillry 
and Dr. Stew’ait wcic, 1 think, the full mallienixi- 
ci.iiis who, employing lu the folnthan of tliit- ddivalt 
problem, the one the algebraic calculus, a;nl the other 
the geomcrrical method, were led immediately to th'. 
tiuth ; a circii'idfa'ice fo much for tlic honour ofbutli, 
tliat it ought not to be forgotten. It was the bulinel) 
of an iinpanial critic, while he examined our autiioi’s 
reafoningp, to have remaikcd and to haye weighed 
tliefe conlulcratlons. 

The tii.iM Dl/Iancc was the hil work wlileli Dr. 
Stewait publilhed ; and though he lived to fee i!ie 
animadvcrlious made ou it, that have been taken notio* 
of above, he declined entering into any contiowriy. 
His difpolition was far from polemical ; and he knav 
the value of that quiet, which a literary man ihoiild 
rarely fuffer his antagouills to interrupt. He ufed U) 
fay, that the decifionof the point in queflion was iiovr 
before the public ; that if Ids InvefUgation was right, it 
would never be overturned, and that if it was wrong, 
it ought not to be defended. 

A lew months before he publilhed the EITay jnfl 
mentioned, he gave to the world another work, entitled, 
Propofifio/ics More Veterum DmonJltnt.(. It cuiilid'J 
of a foies of geometrical theorems, molllynew; ui' 
vefligated, lirll by an analyfis, and afterwards fyiithe- 
ticallyd.monil rated by the iuvei limi of fhe lame analyh:'. 
This maliod made an important part m the analylis of 
the ancient geometricians ; but few examples of it fiavc 
been preferved in their wTitings, and thole in tlie^iVy 
pojiiiones Geometrka are therefore the more valuabie. 

Doftor Stewart’s conllant ufe of the geometiita 
analyfis had put him in pofftfiion of many valu.fle pm- 
politions, which did not enter into the plan 
of the works that have been enumerated. Of 
not a few have found a place in the writings of -1 f- 
Simfon, where they will for ever remain, to mar^ tie 
friendihip of thefe two mathematicians, and to ev nee 
the efteem which Dr. Simfon entertained for the abi 
of his pupil. Many of thefe are in the work 
Poriftns, and others in the Conic Sedions, viz, ni^i 
with the Utter a* j alfo a theorem in the edition 0 
Euclid’s Dau* 
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, 5«oa »ft«r fuWicfttion of the Dr. 

St€«wt’# h«tHh begah to decline, and the toles of 
bU office becfMBte. b^rdenfome to him. In the ^ear 
1771, he retired to the country, where he afterward* 
{pent the greater part of hi* life, and never refumed hi* 
labours in bbc ttoiverfity. He was however fo foj lunate 
88 to have a fon to whom, thon^ih very young, he 
could commit the care of them with the greatelr con- 
fidence. Mr. Dugald Stewart, having begun to give 
lefturesfor hisfatherfrom thcptrlod above mentioned, 
was eie^led joint proftHor with him in 177^, and gave 
an early fpecimen of thofe abilities, which have not 
been confined to afingle fciencc. 

After mathematical lludles (on account of the bad 
ftate of health into which Dr. Stewart was falling) liad 
ccafed to be his bufinefs, they continued to he his 
amufement. The analogy between the circle and hy- 
perbola had been an early ohjed vf his admiration. 
The extenfive views v^hich that analogy *s conlimially 
opening ; the alternate appearance and difappearance 
of refeinblance in tlie midll of fo'much dilHinilitude, 
make it an object that allonifties the experienced, ns 
wall «a8 the young geometrician. To the conlideration 
of thi3 analogy therefore the mind of Dr. Stewart very 
ralurally returned, when dlfcngagcd from other fpe- 
cidfltions. His ufual fuccefa fiiJl attended his invelli- 
gations ; and he has left among his papers foinc curious 
upproxitnatioiis to the areas, both of tlie circle and 
hyperbola. For fomc years toward the end of hib life, 
his health fcarccly allow td him to profecutc ftudy even 
as an amufement. Fie died tlie 33d of January 1785, 
at 68 years of age. 

The habits of lludy, in a man of original genius, 
are objedi* of ciiriofity, and delerve to be itrnembered. 
Concerning thofe of Dr. Stewart,* his wiitings have 
in.tde it unnecefiary to remark, that from his youth he 
had been accullomed to the moil iutenfe and continued 
application* In confcquence of this application, added 
to the natural vigour of his mind, he retained the 
memory of his dilcoveries in a manner that will hardly 
be believed. He feldom wrote down any of his invcf- 
tigations, till it became neceflary to do fo for the pnr* 
pofe of publication* When he difeovered airy propo- 
rtion, he would fet down the enunciation with great 
accuracy, and on the fame piece of paper would con- 
firu< 5 t very neatly the figure to which it referred. To 
thefehe trufied for recalling to his mind, at any fuluic 
period, the demonftration, or the analyfis, however 
complicated it m’ght be. Experience hud taught him 
that he might place this confidence in himfeU without 
any danger of difappointment ; and for this fingiilar 
power, he was probably more indebted to tlic attlivity 
'of hi* invention, than to the mere tcnacioufncfs of his 
memory. 

Though Dr, Stewart was extremely ftudiou*, he 
fcad but few books, and thus verified the obfervation of 
D’Alembert, that, of all the men of Ittfcrs, matbe- 
tnaiicians read leall of the things of one another, 
Ourat^bor's own i^nt^eftigations occupied him fuffici- 
tally* ajadiodeed the world would have had reafon to re- 
ject the niiffipplMSition of his talents, had be employed, 
jn tbe^iiicre tcqmfitioin of knowledge, that time which 
be could^^dkmteto^wttrk* of invention. 

U waarDi^ $teiwatt*e cudum to fpend the futnuaet at 
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I delightful retrfnt in Ayrshire, wh^re , nfter the tcade-^ 
Tt^ical laboitr* ot the w inter were ended, (ic found thei 
leifuiT necefl'arv for the profccutipn of his refearche*# 
In his w"dy thither, he often made a vifit to Dr. Simfon 
of Glafgow, wii!i whom he had lived from liis youth 
in the moft cordial and uniuterrdpttd friendfhip. 16 
was plcafiiig to obferve, in thefe two excellent ma- 
thematicians, the molt perfe^I eileem and affe^Iion for 
each other, and the moft entire ahfence of Jcaloufy, 
though no two men f-ver tiodc more nearly in the fame 
path. The fnnilirn Ic of tlu ir purfuit* ferved only to 
endear them to each otlur, as it will c\cr do with men 
lupeiior to envy.. Their fentimenfs and views of the 
feiVnee they cultivated, vvcic nearly the fame; they 
w'cre both profound geometi iciai.s ; they ccpially ad- 
niiu'd the ancient matlien3atlc.ians, weic equally 
verfid in ihcir tnelbodsof invelligation ; and they were 
hot!) apprehcnfiv’c that the bean'y of their favourite 
jcicnce wnnlcl be forgotten, for the Itis elegant methodt 
of algebraic computnti' .t. This Innovation they tM\. 
deavouied to oppofe ; the one, by reviving thofe book* 
of the ancient gtometiy which were loll ; the other, 
by extending that geometry to the moll difiicult eii- 
qiiincs of the moderns. Dr. Stewaii, in particular, 
had remarked the intricacies, in which many of the 
greateft of the modern mathematicians liad involved 
themfclvcs in the application of the calculus, which 
a little attenlien to the ancient geometry would cerr 
tainly have enabled them to avoid. He had obferved 
too tlie elegant fynihctical demonllratlons that, on many 
occafions, may be given of the moll difiicult propoli- 
tioiifl, invclligated by the inveife method of fluxions, 
Thefe circumllanccs had perhaps made a ftronger im* 
preffiou than they ought, on a mind already filled wfth 
admiration of the ancient geometry, and produced too 
unfavourable an opinion of the modern an.ilyfis. But 
if it be confeffed that Dr, Stewart rated, in any refpe6l 
too high, the merit of the former of thefe fcicnce*, thia 
may wrK be excufed in the man whom it had condiidled 
to the difeovery of the Gmeral H^eormx^ to the Jalution 
of Kepfer'j ProhUnty and to an mccurate determination 
of tilt Sun*s d'ijlvrhin^ force* His great modcfly made 
him aferibe to the method he ufed, that fuccefs which 
he owed to hi* own abilities, 

Tlie foregoing account of Dr, Stewart and his wri- 
tings, is chiefly extraifled from the Icanied hilloiy of 
them, by Mr. Playfair, in the ill volume of the Edin- 
burgh Philofophlcal Tianfa^lion*, pa, 57, &c. 

SriFELS, SrirELius (Michael), a Proteftant 
mlniller, and veiy Ikilfiil mathematician, was born at 
Eflingcn a town in Germany ; and died at Jena in 
Thuringia, in the year 11J67, at 58 years of 
cording to Voflius, but lotne others fay 80, otjifdttf 
was one of the bell inathematiciaus of his timd, 
publilhed, in the German lyngu.ige, a treatife oh Al- 
gebra, and another on the Calendar or licclefiaflrcal 
computation. But hi^ chit f work, ti the 
Int^pirnj a comp’ite and cxcellfiiL treatife, iu Datin, oh 
Arithmetic a»d Algebra, printed in 410 at Norlmberg 
1 544. Id this work there arc a number of ingenious 
ioventiona, both in common arithmetic and in a&ebra ; 
of which, thofe relating to the latter arc ampf ei* 
plained under the article jIlgfM in this didlioniry, 
voi* 1, pa* 77 dec i to which may bt added fome par^ 
' 3 Y ticulart 
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trciikr* concerning the arithmetiCf from my volume of 
JTmV/ printed in 17B6, pa. 68’. In this original work 
are contained many curious things, fome of which have 
mdhkenly been afciibed to a much later date. He 
here treats pretty fully and ably, of progrefiiouil and 
figurate numbers, and in particular of the triangular 
table, for conftru6fing both them and the coefficients 
of the terms of all powers of a binomial ; which has 
been fo often ufed fincc his time for thefe and other 
purpofes, and which more than a century after was, 
by Pafcal, otherwife called the A lithmetical Triangle, 
and who only mentioned fome additional properties of 
the table, Stifcls fficws, that the horizontal lines of 
the table furnifh the cocificients of the terms of the 
correfponding, povvcis of a binomial; and teaches how 
to make life of them in the extradion of roots of all 
powers whatever. Cardan feems to aferibe the invention 
of that table to Stifelius; but [ apprehend that is only 

be underftood of its application to the extradion 
of loots. 

It is remarkable too, how our author, at p. 3!; &c 
of the fame book, treats of the nature and ufe of loga- 
nthms; not under that n^me indeed, hut under the 
idea of a feries of arithmeticals, adapted to a feries of 
geomcti icals. He ihcie explains all their ufes; fucK 
as, that the addition of them anfwers to the multipli- 
cation of their geometricals ; fubtradion to divifioii ; 
rhultiplication of exponents, to involution ; and dividing 
of ex^oneiUa to evolution. He alfo exemplifies the ufe 
of tlum ill cafes of the Rule-of-threc, and in finding 
mean proportionals between given teims, and fuch like, 
exadlly as is done in logarithms. So that he feems to 
have been in the full pofTeifion of the idea of logarithms, 
and wanted only the neceflity of troubleforne calculations 
to induce him to make a table of fuch numbers. 

Stifels was a zealous, though weak difciple of Lu- 
ther. He took it into his head to become a prophet, 
and he predidled that the end of the world would hap- 
pen on a certain day in the year 1553, by which he 
terrified many people. When the propofed day ar- 
rived, he repaired early, with multitudes of his follow- 
ers, to a particular place in the open air, fpending the 
whole day in the moll fervent prayers and praifts, in 
vain looking for the coming of the Lord, and the 
univerfal conflagration of the elements, &c. 

STILE. See Style. 

STILYARD. See Steelyard. 

STOFLER (John), a German mathematician, 
was born at juftingen in Suabia, in 1452, and died in 
1531, at- 7*9 years of age. He tanght mathematics at 
Twhinga, where he acquired a great reputation, which 
however he in a great meafure loR again, by inter- 
m^dljng with the predidion of future events? He 
annotlnced a gtcat deluge, which he faid would happen 
m the year' 1 |i24, a piedidion with which he terrified 
all Germany, where many perfons prepared veflels pro- 
per to cfcape with from the floods. But happily the 
prediftlon failing, it enraged the aftrologer, though it 
ferved to convince him of the vanity, of his prognoltica- 
* tions.r-Hc was author of feveral works in mathematics, 
aod adrology, full of fooliih and chimerical ideas; 
fuch as, , 

i. Hlucidatio Fabric. Ufufque Aftrolabii ; fol. 15 1 
3, Frock Sphasram Comment, fob 154* 
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3. Cofmographic* aKquot Dcfcriptioncs } 410, 
STONE, (EDMyNO),^'godd Scotch mathcmaiiciiV 

who was author of fevecalingenious works. I know 
not the particular place or date of his birth, but it was 
probably in the fhire of Argyle, and about the begin, 
ning of the prefentcentury, or concfufion of the laft. 
Nor have we any memoirs of his life, except a letter 
from the Chevalier dc Ramfay, author of the Travih 
of Cyrus, in a letter to father Caflel, a Jefuit at Paris, 
and publlfhed in the Memoiies de Trevoux,p. ioq, as 
follows : “ True genius overcomes all the difadvanta- 
ges of birth, fortune, and education; of which Mr. 
Stone is a rare example. Born a fon of a gardener of 
the duke of Argyle, he anived at 8 years of agebefoic 
he learnt to read. — By chance a fervant having taught 
young Stone, the letters of the alphabet, there needed 
nothing more to difeover and expand his genius. He 
applied liimfclf to ftiidy, and he arrived at the know, 
ledge of the moll fublime geometry and analyfis, with- 
out a mailer, without a conduAor, without any other 
guide but pure genius.** 

“At 18 years of age he had made thefe confiderable 
advances without being known, and without knowing 
himfelf tlie prodigies of his acqulfitions. The duke of 
Argyle, who joined to his military talents, a general 
knowledge of every fcience that adorns the mind of a 
man of his rank, walking one day inhisgaiden, faw 
lying on the grafs a Latin copy of Sir Ifaac Newton’s 
celebrated Principia, He called fome one to him to 
take and carry it back to his library. Our young gm- 
dener told him that the book belonged to him. To you? 
replied the Duke. Ih you midirjland geometry^ 
Ncwiori? 1 know a little of them, replied tlie )onng 
man with an air of limplicity arifing fiom a profouiid 
ignorance of his own knowledge and talents. The 
Duke was fiirprifed; and having a tafte for thefcienccq 
he entered into converfation with the young mathema- 
tician: he afleed him feveral queftions, and was ailonn'h- 
cd at the force, the accuracy, and the candour of his 
anfwcrs. Bui how, faid the Duke, tame you hy di 
inowleJge'of all thefe things? Stone replied, /IJcrvunt 
taught me, ten years fince^ to read: does one need lo know 
any thing more than the 24 letters in order to learn en:Lty 
thing elfe that one wijhcs f The Duke*8 curiofity : g - 
doubled — he fat down upon a bank, and requeltcd-a 
detail of all his proceedings in becoming fo learned.* 

“ i jirjl learned to read, faid Stone ; the rnafons were ihi 
at work upon your houfe : -I went near them one day, am 
I Jaw that the architect ufed a rule, comtaffes, and Put 
he made calculations, I enquired what might be themcau^^^ 
of and ufe of thefe things ; and I was informed that t.fr. 
was a fcience called Arithmetic ; I purchafed a boo oj 
arithmetic, and I learned it , — I was told there was and tr 
fcience called Geometry : J bought the hooks, and ^ 
geometry. By reading I found that there were goo 00 
in thefe two fciences in Latin : I bought a didionaty, an 
I learned Latin, I undrrfiood alfo that there were g 
books of the fame kind in French : I bought a du 
, and I learned French, And this, my lord, ' • 
have done : it feems to me that we may learn every 
whm wc. know the 24 letters of t^e alphah^ ^rew tM* 


This account charmed the Duke. 


Wonderful genius out of his 

viijed him with an omploymcnt which left b r 
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oF tjme to apply Wmfelf to the fclencjcs. He diTcovcrcd 
in him alfo thic fame genius for tnufic, for painting, 
for archite^ure, for aa^ the fciences which depend on 
calculations and proportions.^* 

« I have feeti Mr. Stone. He is a man of great 
fimplicity. He i^at prefent fcnfible of his own know- 
ledge : but he is not puffed up with it. He h nofTt-ffed 
with a pure and diftinterefted love for the matlumaiics; 
though he is not felicitous to pafs for Mathematician • 
vanity having no part in the great labour he fedalns to 
excel in that fcience. He defpifes fortune alfo; and 
he hasfolicited me twenty times to requefl the duke to 
give him lefs employment, which may not be woith 
the half of that he now has, in order to be more retired, 
and lefs taken off from his favourite dudics. He dif- 
covers fometimea, by methods of his own, truths which 
others have difeovered before him. He is charmed to 
find on thefc occafions that he is not a firfl inventor, 
and that others have made a greater progrefs tlian he 
tliought. Far from being a plagiary, he attributes 
ingenious folutions, which he gives to certain problems, 
to the hints he has found in others, although the con* 
ne^ftiou is but very diftant,** &c. 

Mr. Stone was author and tranflator of fevcral ufeful 
works ; viz. 

1. A New Mathematical Dicllonary, in i vol. 8vo, 
fn ll piinted in 1726. 

2. Fluxions, in t vol, 8vo, 173c. The Dirt A 
Method is a tranflation from the Fundi, oflJorpitars 
Anahfe des Infiniments Petits; and the Inverfe Me- 
thod was fupplicdby Stone hinifLlf. 

3. The Elements of FutUd, in 2 vols. 8vo, 1731* 
A neat and ufeful edition of tliofe Elements, with an 
account of the life and writings of Euclid, and a de* 
ff nee of his elements againft modern objedors. 

Jiefide other fmaller works. 

Stone was a fellow of the Royal Society, and had in- 
ferted In the Philofi Tranfadions (vol. .41, pa. 218) an 
" Account of two fpecics of lines of the 3d order, not 
mentioned by Sir Ifaac Newton, or Mr. Stirling.** 

STRABO, a celebrated Creek geographer, philofo- 
pher,and hiftorian, was born at A mafia, and wasdefetnd- 
ed from a family fettled at Gnoffus in Crete. He was the 
difciple of Xenarchus, a Peripatetic philofopher, but 
at length attached himfelf to tbe Stoics. He contraded 
a ftrid friendfliip with Cornelius Gallns, governor of 
f stid travelled into feveral countries, to obferve 
the fituation of places, and the cufloms of nations. 

Strabo flouriihed under Auguflus; and died under 
Tiberius about the year 2 5, in a very advanced ^e. — 
He compofed feveral works ; all of which are loiT, ex- 
cept his Geograph^y in 17 books; which are jufily 
efteemed very precious icmalns of antiquity. The fiift 
two books are employed in (bowing, that the (ludy of 
geography is not only worthy of a philofopher, but 
even neceffary to him ; the 3d defcrlbcs Spain ; the 
4th, Gaul and the Britannic ides ; the 5th and 6th, 
Italy arid the adjacent ides ; the yth, which is im- 
Pened at the end, .Germany, the countries of the 
Cetae and Illyrit, Taurica, Cherfonefus, and Epirus ; 
the 8tb, 9th, and loth, Gi<ece with the neighbouring 
; the four following, Afia within Mount Taurus ; 
tith wi(i i6lb, Alla without Taurus, India, Perfia, 


Syria, Arabia; and the fjth, Egypt, Ethiopia, Cir* 
thage, and other pans of Africa. 

Snabo*s work was publiihed with a Latin vcifion 
by Xylandcr, and notes by Ifaac Cafaubon, at Paris 
16.0, in folio ; but the bell: edition is that of Am- 
fierdnm ii. 1707, in 2 volumes folio, by the learned 
Theodore Jaulon of Almcloovecn, W'itli the entiie 
notes of Xylander, Cafaubon, Memfius, Cliner, Hol- 
den, Salmafius, Bochait, Ez. Spanbeim, Cellar, nml 
othets. ']‘o this edition Is fubjolued the Ch ffi tmtuhift 
or Epitome of Sirabo ; wbicb, according to Mr. Dodf- 
well, who baa will ten a vei y clahoi ate and learn d difier- 
taiion about it, wnsmadeby lome unknown ptrfon, be- 
twci n the yeaisof Chiill 676 and It ha'’. hetn found 
ol i(UTU‘ life, not only in helping to corretb the oii^ina), 
but in fupplying In fomc mealure the dcfeA in the 7th 
book. Ml. Dodfwcll’s dillcrtatlon is prefixed to this 
edition. 

S'ERAVr, or Straight, or Streight, in Hy- 
drography, is a narrow channel or arm of tlie fea, fluit 
up between lands on either fide, and ulu.dly adbrding 
a paffage out of one gieat fea into another. As the 
Stiaitsof Magellan, ot Le Maiie, of (obi altar, &c, 

Strait is alfo fonutinu s idld, in Get>grnj)hy, for 
an illhnms, or neck of land between two leas, pieveiiting 
their communication. 

STRENGTH, v/V, force, power. 

Some authors make the Strength of animals, of the 
fame kind, to depend on the quantity of blood ; but 
moft on the lize of the bones, joints, and mufclts; 
though wc find by daily experience, tint the animal 
fpirlts contribute greatly to Sticngth at diflereut 
times. 

ICmerfon has moil particularly treated of tlie Strength 
of bodie.s depending on their dimei lions and veighr. 
In the General Scholium after his piopofitions on this 
fubjeifV, he ad<]8 ; If a certain beam of timber be able 
to fupport a given wciglit ; another beam, of the lame 
timber, fimilai to the former, may he taken fogiiat,, 
as to be able but jull; to bear its ov 11 w tight: while 
any larger beam cannot fuppoit itfelf, but mull brisk 
by its own weight ; but any lefs beam will hear fi nie- 
thiiig more, hor the Strength being a.T tlie cube of the 
depth; and the (Ircfs, being as the length and quantity 
of matter, is as the 4tb power of the diptli ; it Is plaiu 
therefore, that the firels iucrcafes in a gieater ratio 
than tlic Strength. Wlunce It follows, tliat abeam 
may be taken fo large, that the ilrels may far exceed 
the Strength : and that, of all fimilar beams, there h 
but one that will juft fupport itlelf, and ni>thing more. 
And the like holds true in all miuhmes, and in all 
animal bodies. And hence theie Ii a certain limit, in 
regard to magnitude, not only in all machines and 
artificial flru6burcs, but alfo in ii.Miral ones, which , 
neither art nor nature can go beyond ; fuppofing them 
made of the feme motter, and in the lame proportion 
of parts. 

Hence it is impoffiblc that mechanic engines c/tn be 
increafed to any magnitude at plcafure. l*or when they 
arrive at a particular fize, their fevcral parts will break 
and fall afundcr by their weight. Neither can any 
buildings of vaft magnitudes be made to ftand, but 
mnft fell to pieces by their great weight, and- go to 
ruin. - 

iY* 
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It Is llkewlfe Impoflibic for natute to produce ani* 
roals of any vaft (Tze at pleafure : except fomc fort of 
ifiatter ean be found, to -oiake the bones of, which 
may be fo much harder and ftrdngcr than any hitherto 
known : or elfe that the proportion of the parts be fo 
much altered, and the bonea and mufcles made thicker 
in proportion ; which will make the animal diftortcd^ 
and of a monftrous figure, and not capable of perform- 
ihg any proper a^lione. And being made fimilar and 
of common matter, they will not be able to ftand or 
move ; but, being burthened with their own weight, 
muft fall down. Thus, it is impofllblc that there can 
be any animal fo large as to carry a caftle upon his 
back j or any man fo llrong as to remove a mountain, 
or ptill up a large oak by the roc)ts : nature will not 
admit of thefc things *, and it is impoflible that there 
can be animals of any fort beyond a determinate fize, 
Fifli may indeed be produced to a larger fr/c than 
land animals ; bccaufc their weight is fupported by 
the waters But yet even thefc cannot be increafed 
to immenfity, beeaufe the internal parts will prefs 
upon one another by tlieir weight, and deftroy their 
fabric. 

On the contrary, when the fize of animals is diml- 
ninied, their Strength is not diminiflicd in the fame 
proportion as the weight. For which teafon a fmall 
animal will carry far more than a weight equal to its 
Own, whilft a great one cannot carry fo much as its 
\<^eight. And hence it is that fmall animals are more 
adive, will run fader, jump farther, or perform any 
motion quicker, for their weight, than large animals : 
for the lefs the animal, the greater the proportion of 
the Strength to the llrefs. And nature feemstoknow 
no bounds as to the fmallnefs of animals, at lead in 
regard to their weight. 

Neither can any two unequal and fimilar machines 
refill any violence alike, or in the fame proportion 
but the greater will be more hurt than the lefs. And 
the fame is true of animals ; for large animals by falling 
break their bones, while Icfler ones, falling higher, 
receive no damage. Thus a cat may fall two or three 
yards high, and be no worfe, and an ant from tire top 
of a lowen 

It is like wife impoflible in the nature of things, 
that there can be any trees of immenfc fize ; if there 
were any fuch, thor limbs, boughs, and branches, 
mnft break off and fall down by their own weight. 
Thus it is impoflTiblc there can be an oak a quarter of 
a mile high ; fucb a tree cannot grow or (land, but its 
limbs will drop off by their weight. And hence alfo 
fmaller plants can better fuftain themfelves than large 
ones. 

As to the due proportion of Strength infeveral bodies, 
according to their particular pofkions, and the weights 
they arc to bear; he farther obferves that. If a piece rf 
timber is to be pierced with a mortifc-hqle, the beam 
will be flronger when it is taken out of the middle, 
than when taken out of cither fide. And in a beam 
fiipported at both ends, it is ftrooger when the bole 
IS made in the upper fide than when made in the un- 
der, provided a piece of wood is driven hard in to fill 
v^'the hole. 

If b piece is to be fpheed upon the end of a beam, 
be fupported at both ends I it will be the ftrooger 


when fpliccd on the under (idc of a ^am j but if the 
piece is fuppoi ted only at one end, to bwr a weight 
on the other j it is ftfonger when fpliccd on the UDoer 
fide. 

When* a fmall lever, &c, is nailed to a body, to 
move it or fufpend it by ; the ftrain is greater upon 
the nail neareft the hand, or point where tlic power 
is applied. 

If a beam be fuppoi t^d at both ends ; and the two 
ends reach ovei'^the props, and be fixed down im- 
moveable ; it will bear twice as much weight, as 
when the ends only lie loofc or free upon the fup, 
porters. . 

^ When a flender cylinder is to be fupported by two 
pieces ; the diflance of the pins ought to be nearly f 
of the length of the cylinder, and the pins- equidiilant 
from its ends ; and then the cylinder will endure the 
leatl bending or llrain by its weight. 

A beam fixed at one end. 




and bearing a weight at the 
other } if it be cut in the 
form of a wedge, and placed 
with its parallel lides parallel 
to the horizon ; it will be 
equally (hong every where ; 
and no fooner break In one 
place than another, 

When a beam has all Its 
fides cut in form of a concave 
parabola, having the vertex 
at the end, and its ahfeifs 
perpendicular to the axis of * 
the folld, and the bafe a 
fquare, or a circle, or any 
regular polygon ; fuch a beam 
fixed horizontally, at one end, is equally ftrong 
throughout for fupporting its own weight. 

Alio when a wall faces the wind, and If the vcnicd 
fetllon of it be a right>anglcd triangle ; or h the foje 
part next the wind &c be perpendicular to the horizon, 
and the back part a floping plane 1 fuch a wall will be 
equally llrong in all its parts to refill the wind, if ih^ 
parts of the wall cohere ftrongly together ; but \Nhen 
it is built of loofe materials, it is better t® be convex 
on the back part in forih of a parabola. 

When a wall is to fupport a bank of ear-th or any 
fluid body, iti ought to be built concave in form of 
a femicubical parabola, whofe vertex is at the top of 
the wall, provided the parts of the wall adhere firmly 
together. But if the parts be loofe, then a right line 
pr floping plane ought to be its figure. Such walls 
will be equally llrong throughout 
All fpires of churches in the form of cones or pyra- 
mids, arc equally ftrong in all parts to refill the wind. 
But when the parts do not cohere together, then they 
ought to be parabolic conoids, to be equally ilrong 
throughout, 

Likewife if there be u pillar crewed in form or the 
logarifKmic curve, the afymplpte being the axis; it 
pnnot be crushed to pieces in one part fooner than 
in another, by its own weight. And if fuch a pi 
be turned upfide down, and fufpepded by the tnic 
end, It wiU not be more liable to feparatc lu ^ 
than another, by iuowpw^hu 
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V Moreofer, If AE be a l^am 

in form of a triangular prifm ; 
snd if AI? ss -JAB, and 
AI =s y AC, and the edge 
or fmall fimilar prifm ADIF 
be cut away parallel to the 
bafe ; the remaining beam 
DIBEF will bear a greater 
weight P, than the whole 
A?CEG, or the part will be llronger than the whole; 
which is a paradox in Mechariica. 

As to the Strength of fcvcml forts of wood, drawn 
from experiments, he fays, On a medium, a piece of 
good ca\, an inch fquare, and a yard long, fupported 
at both ends, will bear in the middle, for a very fhort 
time, about 33olb averdupols, but will bieak with 
more than that weight. But fuch a piece of wood 
fhould not, in practice, be Iruftcd for any length of 
time, witli more than a third or a fouith part of 
that weight. And the proportion of the Strength 
of fevcral forts of wood, he found to be as follows: 


Box, oak, plumbtree, yew il 

Afh, elm Si- 

Thorn, walnut 

Apple tree, elder* red fir, holly, plane - - j 

Beech, cheiry, hazle 6| 

Alder, afp, Birch, whitedir, willow - • - 6 

Iron - -- -- -- -- - loy 

Brafs - -- -- -- - 

Bone - -- -- -- 22 

Lead bj 

Fine free (lone - i 


As to the Strength of bodies in direction of the 
fibres, he obferves, A cylindric rod*of good clean fir, 
of an Inch circumference, drawn in length, will bear at 
extremity 40olb ; and a fpear of fir 2 inches diameter, 
will bear about 7 ton. — A rod of good iron, of an inch 
circumference, will bear near 3 ton weight. And a good 
hempen rope of an inch circiimferctice, will bear 
locolb, at extremity. 

All this fuppofes thefe bodies to be found and good 
throughout ; but none of them fliould'be put to bear 
more than a third or a fourth part of that Weight, 
efpecially for any length of time. From what has 
been fa id ; if a fpear of fir, or a rope, or a fpear of 
iron, of ^ inches diameter, were to lift J the extreme 
vft'ght; then 

Tlie fir would bear hundred weight. 

The rope would bear izdd hundredweight* 

The iron would bear ^\dd ton weight. 

As to Animals ; Men may apply their Strength fe- 
vcTftl ways, in wetking a machine. A man of ordi- 
nary Strength turning a roller by the handle, can for 
a w'holc day againft a refinance equal to 3clb. weight ; 
and if he -works 10 hours a day, he will raife a weight 
of 3olb. through 3i‘ feet in a fccond of time ; or if 
the weight be greater, he will raife it fo much Icfs in 
proportion. But a man may aft, for a fmall time, 
againft a refiftance of ^olb. or more. 

If two men work at a windlafs, or roller, they can 
■wore talily drftw up 7olb, than one man can 30lb, pro- 
|id|d the elbow of one of the handles be at right aoglca 


to that of the other. And with a fly, 15 ir heavy 
applied to it, a man may do } part more work 
for a little while he can aft with a force, or overcome 
a continual refiilance, of Sol; and work a whole day 
W'hen the rtfiftance is but 4olb. 

Men lift'd to bear loads, fuch as porters, wu'll carry, 
fbme ijolb, others 200 or ayolb. according to their 
Strength. 

A man can draw but about 70 or 8olb. horizon- 
tally ; for he can but apply about half his weight. 

If the weight of a man be 1401b, he can aft with no 
greater a force in ihruiling horizontally, at the height 
of liis fhouldcis, than 271b. 

As to Horlcs } A hoife is, generally fpeaking, as 
ftrong as 5 men. A horfc will carry 240 or 27olb. 
AhoiTe draws to greateft advantage, when the line of 
dlieftion is a little elevated above the horizon, and the 
power adhagainil his bread : and he can draw 2oolb. 
for 8 hours a day, at 2|- miles an hour. If he draw 
2401b, he can work but 6 hours, and not go quite fo 
faft. And in both cafes, if he carries fqmc weight, iic 
will draw the better for it. And this is the weight a 
horfe is fuppofed to be able to draw over a pulley out 
of a well. But in a cart, a horfe may draw looolb, 
or even double that weight, or a ton weight, or 
more. 

As the moft force a horfe can exert, is when he 
draws a little tibove the horizontal pofilion ; fo the 
word way of applying the (Irength of a horfe, is to 
make him cany or draw uphill : And three men in a 
fteep hill, carrying each loolb, will climb up faftcr 
than a hoife with 300). Alfo, though a horfe may 
draw in a round walk of 18 feet diameter ; yet fuch a 
walk fliould not be lefs than 25 or 30 fcct diameter. 
Emcrfou*s Meehan, pa. lu and 177. 

STRIKE, or Spryke, a ineafure, containing 
4 bulhcls, or half a quarter. 

Sl‘RIKING-w)&er/, in a clock, the fame as that by 
feme called ihc /.V; cuW, becaufe of the pins which arc 
placed on the round or rim, the number of which is 
the quotient of the pinion divided by the pinion of the 
dctcnt-wbccl. Jn lixtecn day clocks, the lirll or great 
wheel is nfually the pin-wheel ; but in fuch as go 
8 days, the fccond wheel is the pin-wheel, or (Iriking- 
whcel. ^ 

STRING, ill Mufic. Sec Chord. 

If two .Strings or chords of a mufical iriflrument 
only differ in length ; their tones, or the number of 
vibrations they make in the fame time, are in the in- 
verfe ratio of their lengths. If they differ only in 
thicknefs, their tones are in the inverfe ratio of their 
diameters. 

As to the tenfion of Strings, to meafurc it regu^ 
larly, they muff be conceived ffrctchcd or drawn by 
weights; and then, csetcris panbus, the tones of two 
Strings arc in a direct latio of thu fquare roots of the 
weights that .ftretch them ; liiit . , cx. gr* the tone 
of a String ftretched by a ueuMir 4, iian oftave above 
the tone of a String ftretclv-d by li.e weight 1. 

It is an obfervation of very old (laud’.rig, that if a 
viol or lute-ftring be touclied with the bow, or^tho 
hand, another String on the fame inllrument, or even 
on another, not fpr trom it, il in nnifon with it, or in 
oftavc, or the like, will at the timt tremble pf 
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own accord. But it is now found, that it ii not 
tlic whole of that other String that thus trembled, but 
.only the parts, fcverally, according as they areunifons 
to the uliole, or the parts, of the String fo ftruck. 
Thu:>, iiippoling A 13 to be 
.an Uppei oddve to and A B 

tlii:ulu\e an uvufoo lo each , j — ... ^ ^ 

.half of it, (lopped at c ; if d c e 

while nb is open, AB be 

v/liuck, the two halves of this otiicr, that ia, ac^ and 
cb, will both ticmhle; but the middle point will be at 
rtrt ; as will be eafily perceived, by wrapping a bit of 
paper lightly about the itring ab^ and moving it fuc- 
ctifivcly from one end of the ftring to the other. In 
like manner, if AB were an upper Uth to ah^ and 
conlequently an unifon to its three parts ad^ de, eh ; 
then, ab being open, if AB be ftruck, the three paits 
of the other, <jr/, de^ th will feverally tremble ; but the 
points d and e remain at reft. 

This, Dr. Wallis tells us, was firft difeovered by Mr, 
William Noble of Merton college ; and after him by 
3 \lr. T. Pigot of Wadham college, without knowing 
that Mr. Noble had ohferved it before. To which may 
be added, that M. Sauveur, long afterwards, propofed 
it to the Royal Academy at Paiis, as his own difeovery, 
which in reality it might be ; but upon his being in- 
formed, by fosie of the members then prefent, that 
Dr. Wallis bad publifhed it before, he Immediately re- 
llgned all the honour of it. Philof. Trauf. Abridg, 
.vo). I, pn. 6o6. 

STURM, Stitrmtus (John Christopher), a 
'noted German mathematician and philofplier, was born 
•at Hippolftein in 1635, He became profeflbr of pbilo* 
fophy and mathematics at Altdorf, where he died in 
1703, at 68 years of age. 

He was author of feveral ufeful works on mathema- 
tics and philofophy, the moft efteemed of which arc, 

1. Hia Mathefis enucleatat in I vol, 8vo, 

Z. Malhefis Juvenllist in 2 large volumes 8vo, 

3. Collegium Expermentaky five Curio fumy in quo prU 
maria Seculi fuperioris Inventa Isf Experlmenta Phfftco^ 
MdthemaiiCdy ^eciittim Company UrinaforUy Camera 
ohfeura^ Tubi Torriceliianl^ feu Barofeopti, jintlia Pneu- 
.maticaf Thermometrorum Phanomena £f7 EJfeSa ; partim 
ac altss jampridbm exhibitay partim noviter ijiu fuperad^ 
ditoy tsfc* in one large vol. 4to, Norimberg, 1701. 

This n a very curious work, containing a multitude of 
interefting experiments, neatly illuftrated by copper- 
plate figures printed upon almoft every page, by the 
fide of the lettcr-prefs. Of thefe, the loth experi- 
ment is an improvement on father Lana’s, projeft 
for navigating a fmall vefTel fufpended in the at- 
inofphere by ieveral globes exhaufted of air, 

STYLE) in .Chronolqgy, a panicular manner .of 


counting time ; as the Old Style, the Nc^ Style* Sec 
Calendar, 

Old SvYLE, is the Julian manner of computing, tis 
inftituted by Julius Caefar, in^vliich the mean yearcou- 
fifts of 365 1: days. 

Ne^ Style, is the Gregorian manner of compu- 
tation, Inftituted by pope Gregory the 13th, in the 
year 1582, and is uted by moft. catholic countrlc:, 
and many other ft ales of Europe, 

Tile Gregorian, or new Style, igrees with the tiuc 
folar year, which contains only 30^ days 5 hour*. 
minutes. In the year of Chrift 200, there was no 
difference of Styles. In the year 1582, when the new 
Style was firft introduced, there was a difference of 10 
days. At prefent there is 11 days difference, and cc. 
cordingly at the diet of Ratiibon, in the year lyco, 
it was decreed by the body of pioteftants of the em- 
pire, that 1 1 days fhoiild be retrenched from the ( M 
Style, to accommodate it for the iutiirc to the nr.*'.v. 
And the fame legiilation has fiiice paflcd iiuo Su ’dtii, 
Denmaik, and into England, where it was t ihibliliufi 
in the year 1752, when it was enafted, that in all (>. 
minions belonging to the crown of Great Britain, the 
fupputation, according to which the year of our lord 
begins on the 25th day of March, ihall not k* uleJ 
from and after the lail day of December 1751 ; and 
that from ihcnceforih, the ill day of Januai) etay 
year ftiall be reckoned to be the fiift day of the yeai . 
and that the natural day next immediately following iLc 
2cl day of September 1732, ftiallbe accounted the i-ith 
day of September, omitting the 1 1 intermediate nomi- 
nal days of the common calendar. It is fai ihcr en;.rt- 
cd, that all kinds of writings, &c, ftiall bear date ac- 
cording to the new method of computation, and that 
all couits and meetings &c, feafts, falls, ^'c, Ih.dl he 
held and ohferved accordingly* And for piefcrviii^; 
the calendar in the lame regular courfe for the futnic, 
it is cnadled, that the feveral years of our lord iSo:, 
1900, 2100, 2200, 2300, &c, except only cmi) 
400th year, of which the year 2000 ftiall be the full, 
(hall be common years of 365 days, and that the 
years 2000, 2400, 2800, &c, and every other 400th 
year from the year 20CO inclufive, mall be leap 
years, confifting of 366 days. See Bissextile and 
Calendar. 

The following table llicws by what number of day^ 
the hew ftyle differs from the old, from 5900 years be- 
fore the birth of Chrift, to 5900 yeara after it. The 
days under the fign (viz from 6000 years before to 
200 years after Chrift) are to be iubtraded from the 
old Style, to reduce it to the new ; and the days under 
the fign + (viz from 200 to 4900 years after Chrift) 
arc to be added to the old Style, to reduce it to 
new.— N.B, All the years irtentioned in the table ate 
leap years in the old Style j but thofc only that 
.marked with an L are. leap jears in the ne^* 


Yean 
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Years br^for? 

' Chrift. 

New Style. 

Bays 

difF. 

Years after 
Chrift. 

New Style. 

Days 

ditr. 

T 

5900 

4 ^> 

L 0 

— 2 

5800 

4; 

100 

— 1 

57OP 

44 

200 

0 

L 5600 

44 

300 

+ 1 

\ 5SOO \ 

43 

L. 400 

1 \ 

\ \ 

4 » 

500 


\ ' 


1 600 . 

1 ■ i \ 

\ 1. 5 100 

\ 


\ 4 \ 

5100 

40 

L BOO 

4 

5000 

39 

900 

5 

4900 

38 

1000 

6 

L 4800 

38 

1 100 

7 

4700 

37 

L 1200 

7 

4600 

• 36 

1300 

8 

4500 

35 

1400 

9 

I. 4400 

35 

1500 

10 

4300 

34 

L 1600 

10 

4200 

33 

1 700 

1 1 

4100 

32 

1800 

12 

L 4000 

32 

1900 

13 

3900 

3 * 

L 2000 

13 

3800 . 

30 

2100 

H 

! 3700 

29 

2200 

1 c 

L 3600 

29 

2300 

16 

. 3500 

28 

L 2400 

16 

3400 

27 

2500 

17 

3300 

26 

2600 

18 

L 3200 

26 

2700 

19 

3100 

25 

L 2800 

^9 

3000 

H 

2900 

20 

2900 

23 

3000 

21 

L 2800 

23 

3100 

22 

0 

0 

22 

L 3200 

22 

> 2600 

21 

3300 

23 

1500 . 

20 

3400 

24 

L 2400 

20 

3500 

25 

2300 

19 

L 3O00 ^ 

25 

2200 

18 

3700 

26 

2100 

17 

38 00 

27 

L 2000 

17 

3900 

28 

IQOO 

16 

L 4000 

28 

1800 

^5 

4100 

29 

i;oo 

14 

4200 

30 

L 1600 

14 

4300 

3 ^ 

1 500 

J 3 

L 4400 

31 

1400 

12 

4500 

32 

1300 

11 

4600 

33 

L 1200 

1 1 

4700 

34 

1 100 

10 

L4800 

34 

1000 

9 

4900 

35 


8 

5000 

3<5 

L 800 

8 

5100 

37 

700 

7 

L 5200 

37 

600 

6 

5300 

38 

Soo 

6 

5400 

39 

L 400 

s 

5500 

40 

300 

4 

L 5600 

40 

200 

3 

. 5700 


looi 

2 

5800 

42 


2 

5900 

43 


The French nation has lately commenced another 
new Style, or computation of time, y[z, in the year 
1792 ; according to which, the year commences uin- 
ally on our 2 2d of Septemher. The year is divided 
into 12 months of 30 days each; and each month 
into 3 decades of 10 days each. For the names and 
computations of which, fee the article Calendar. 

Style, in Diallin^r^ (denotes the cock or gnomon, . 
railed above the plane of the dial, to proje^\ a shadow^ 
--“I he edge of the Style, which by itn fliadow maikn 
tliehoina onthe lace of the dial, to Vic let accoidin^ 
to theVatUvide, aWays pataWcV tv> tWax^\% oV the world. 

STYLOldATA, or Stylobaton, In ArchitedViire, 
the fame w’ith the pedellal of a column. It is fome- 
times taken for the trunk of tlic pedellal, hetweeu the 
cot nice and the hafe, and is then called iruncuu It is 1 
alio otherwilc named ahntus* 



SUBCONFRARY pofi- 
tion, in Geometry’, is when ' 
two equiangular triangles, as 
VAB and VCD are fo placed 
as to have one common angle 
V at the vertex, and yet their 
hafe$^ not parallel. Confer 
qiiently the angles at the 
bales a»c equal, but <»n tlie 
contrary Tides ; vi/, tlie jLt\ _ 

= AC, and the /.B ~ Z-D. “ 

If the oblique cone VAB or Vnl^ having the cireu* • 
lar bafe AEB, or fo cut by a plane DEC, that ' 

the angle D be =: the AB, or the AC = A A, then ' 
the cone is faid to be cut, by this plane, in a Subcon- 
tiary pofition' to the bafe AEB, or aeb \ and in thii 
cafe the fedion DEC is alw'ays a circle, as well as the • 
bafe AEB or aeb, 

SUBDUCTION, in Arithmetic, the fame as Sub- 
traction. 


SUHDUPLE Railoy is when any number or quanli* 
tity is the half of another, or contained twice in it. 
Thus, 3 is faid to be fubduple of 6, as 3 is the Ijalf of 
6, or is twice contained in it. 

SUBDUBEICATE Ratio, of any two quantities, 
the ratio of their fquarc roots, beiiig the oppolite to du- ' 
plicate ratio, whicli is tf»c rntio of the fquare‘^, Thus, ■ 
of the quantities, a and^, the fubdujdicatc ratio is that 

of t/a to >s/h or fl ^ to ^ as tlie duplicate ratio is that 
of to 

SUBLIME Geometry, the higher geometry, pr that - 
of curve lines. Sec Cj h o m f tr y , 

SUBLUNARY, is faid of all things bdow the moon ; . 
as allthingfi on the earth, or in its atinofphere, &c. 

SUBMULTIPLE, the contrary of a multiple, being 
a number or quantity^ which 13 contaii^ed exactly a cer- 
tain number of times in another of the fame kind ; or it. 
is the fame as an aliquot part of it. 'rhus, 3. is a Sub* 
multiple of 21, or an aliquot part of it, becaufe 21 is a 
multiple pf 3* . , 

Su jB MULTIPLE Ratio, is the ratio of a Submultiple or 
aliquot part, to its multiple ; as the ratio of ^3 to a i. . 

SUBNORMAL, in Geometry, is the fubperprndi- 
cular AC, or line under the perpendictilar to the curve 
BC, a term ufed in curve lines to denote the diftance 
AC in the axis, between the ordinate AB, and the per- : 

peqdicular r 
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BC t6 ihc mim or to 
the tan^jent. And tlie fkid pw- 
ptndicular BCi« the normal. 

In all curves, ilie Subnormal 
AC JS a ^d proportional to the 
fubtangent TA and the ordinate 
AB ; and in ibo parabola, it is equal to half the para* 
mc'tn- r»f the axlR. 


Sul^ta Afftlo«r, k is perCbrrtred-by'chtn^g 

tbc figna of all the' terms of the (hbtrabend, to Uieir 
contrary ligns, via, + ^hd into + ; and 

then uniting the terms with thofe of the minuend alter 
the manner of addition of Algebra. 

Ex, From + 6 a 
Take + 2a ' 



SUBSTITUTION, in Algebra, is the putting and 
nfing, in an equation, one quantity inftead of another 
which is equal to it, bdt exprclTcd after another manner. 
See RrnycTiOK of Equafions. 

SUB^'VRACTION, or Surtxaction, in Arith- 
metic, is the takiiij; of one number or quantity from 
another, to find the remainder or difference between 
them ; and is ulually made the fecond rule in arithmetic. 

Tfie greater number or quantity is called the m'lnufndu 
the lefs is the fuhtrahrndy and the remainder is the differ'^ 
enre. Alio the lign of Siubtra<^tion is — , or minus. 

Subtraction of WhnU Numbers ^ is performed by 
fetting the lefs number below the greater, as in addition, 
units undlT units, Uns under tens, &c ; and then, pro- 
ceeding from the right hand towards the left,fubtrad or 
take each lower figure from that jiill above, and fet 
down the feveral remainders or dilfcrenccs undcrneafti ; 
aiKl ihefe will compofe the whole remainder or differ- 
ence of the two given numbers. But when any one of 
the figures of tlte under number is greater than that of 
the upper, from whieh it is to be taken, you mull add 
10 (in your mind) to that upper figure, then take the 
under one from this fum, and fet the difference under- 
neath, carrying or adding 1 to the next under figure to 
be fubtrafled. Thus, for example, to fubtrad X90482 1 
from 3740975^ 

Minuend 3 74^97 3 2 

Subtrahend *19048 at 

Difference 3450491 1 

Proof 37409732 

To pronn SuUraSim : Add the remainder or differ- 
ence to the. lefs number, and the fum will be equal to 
the greater when the w'ork is right. 

Subtraction 0/ DteimaU^ is performed in the fame 
manner as in whole numbers, by oblcrying only to fet 
the figures or places of the fame kind under each other. 
Thus : 


From 


'479 

tj 

Take 

7 »’ 7 > 

*0573 

0-936 

DIff. 

* 78 - 3 S 

• 4 fi 7 

j 6*064 


To Vulgar Ftaffions, Reduce the two frac- 

tions to a common denominator, if they have different 
ones ; then take the lefs numerator from the greater, 
ttid (bt Ihc temainde^r over the common denominator, 
,for the difference fought.— N. B. It is beft to fet the 
frrldion after' the greater, with ihc fign ( — )'of 
fubtradlbh betweien thefn, and the mark of equality 
) after them. 

THuB,f:-}« ji ; 


Rem. 6 a 2a ^ 4<x 

From -f 6 a , 

Take 2 a 

Rem. 6 a 2 a "Tz 8<r. 

From 6 a 
Take 4- la 


Rem. ~ = — 8^/, 


From — 6,1 
Take — 4^ 

Rem. — 6*2 4- 4tf == — la* 

From 2a — 3^ +52—6 
Take ()a 4 - 4^: 4 * 5 ^ + 4 

Rem. — — 7 a* 0 — 10 


SUBSTILE, or SuBSTiLAR Lhwi in Dialling, 
right line upon Which the llile or gnomon of a dial n 
creded, being the common fedion of the face of tli' 
dial and a plane perpendicular to it palling through the 
ftile. 


The angle included between this' line and the ftile, is 
called the elevation or height of the (Ide. 

In polar, horizontal, meridional, and northern dlJ?) 
the Subftilar line is the meridional line, or line of 1 2 
o’clock ; or the interfedion of the plane of the dial 
with that of the meridian. — In all declining dials, the 
Subflilc makes an angle with the hour line of w, and 
this angle Is called the diftance of the Subftile from the 
meridian, — In cafterly and wcfterly dials, the fubllilar 
line is the line of 6 o’clock, or the interfedion of the 
dial plane with the prime vertical. 


SUBSUPERPARTICULAR. 1 « « ,,,, 
SUBSUPERPARTICUS. J 
StlBTi'lNGENT of a edrve^ is the line TA in the 
axis below the tangent TB, or limited between the tan- 
gent and Ordinate to the point of contad. (See the 
Uft figure above). 

The tartgent, fubtangenf, and ordinate, make a right- 
angled triangle. 

In all p^rabojiform and hyperboliform figures, the 
Stthtsfligeot is e'cpial to the tibfcif« multiplied by the ex- 
lionent of the power of the ordinate in the equation w 
tbe ourve'/ Thus, in' the common' parabola, whole 
property or equation is px =; y*, the Subtangent »• 
tquai to 2|r, doobk the aMcillK Aijd if iw® — ® 

4 ^^ 
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y,v =: then the Subtangent is = J.v. Alfo if 

m + M 

f» ft ft 1 o 1 

a X y t or px y ft , the bubtangent is = 

!!,[ s. Sec Method ^Tangents. 
n 

SUBTENSE, in Geometry, of an arc, is the fame 
1JS the chord of the arc ; but of an angle, it is a line 
drawn acrofs from the one leg of the angle to the other, 
or between the two extremes of the arc that meafurcs 
the angle. 

SUBTRACTION. See Substraction. 
SUBTRIPLE, is when one quantity is the 3d pait 
of another; as 1 is Subtriplc of 6. AndSuDTRiPLE 
Rdtioy is the ratio of I to 3. 

SUBTRIPLICATE is the ratio of the cube 
roots. So the Subtriplicate ratio of a to^, is theiatio 

I 1 

of i/a to l/b, or of a} to . 

SUCCESSION of Signs ^ in AAronomy, is the or- 
der In which they are reckoned, or follow one another, 
and according to which the fun cnteis them; called 
con/equentia. As Aries, Taurus, Gemini, Cancer, 

L\C. 

When a planet goes according to the order and fuccef- 
fion of tlie figns, or in cotfequeuluiy it is faid to he di- 
! ; but retrograde when contrary to thefucceflion of 

the AgfiP, or in antecedeutiut as from Gemini to Taurus, 
thai to Aries, &:c. 

SUCCULA, in Mechanics, a bare axis or cylinder 
with ftaves in it to move it round ; but without any 
tympanum, or peritrochium. 

SUCICER, in Mechanics, a name by which fome- 
times is called the piAon or bucket, in a«fucking pump ; 
and fometimes the pump itfelf is fo called. 

SUCKING*Pm«A, the common pump, woiking 
by two valves opening upwards. See Pump. 

SUMMER, the name of one of the feafons of the 
year, being one of the quarters when the year is divided 
into 4 quarters, or one half when the year is divided 
only into two, Jammer and winter. In the former 
cafe. Summer is the quarter during which, in northern 
climates, the fun is paAing through the three figns 
Cancer, Leo, Virgo, or from the time of the greateft 
declination, till the fun come to the equino<^fial again, 
or have no declination ; which is from about the 2 ill of 
June, till about the 2 id of September. In the latter 
cafe, Summer contains the 6 warmer months, while 
tlie fun is on one fide of the cquinodial ; and winter 
t ie other 6 months, when the fun is on the other fide 
of it. 

It is faid, that a froAy winter produces a dry Summer; 
and a mild winter, a wet Summer. See Philof. Tranf. 
HO. 45H, fca. 10. 

Summer Solflice^ the time or pnlut when the fun 
comes to his greateft declination, and neareft the zenith 
of the place. See Solstice. 

SUM, the quantity produced by addition, or by ad- 
duigtwoor more numbers or quantifies together. So 
Bie Sum of 6 and 4 is 10, and the Sum of n and ^ is 

d' b. 

SUN, Sol, 0, in Aftronomy, the great luminary 
Vot. IL 


which enlightens the world, and by his prefence conA'- 
lules day. 

The Sun, which was icckoned among the planets in 
the infancy of aAionoiny, Amuld rather be count* d 
among the fixed ft.us. He only appears bngliter mui 
larger than they-Jo, hcc7iuie we keep conftantly near 
tlie Sun; wheicns we arc iiiMnenfely farther from tin- 
Aais. But n fpedaior, phcid as near to any Aar as we 
are to the Sun, would piobably fee that Aar a body as 
large and as bright as tlie -Sun appears to us ; and, on 
the other hand, a fpeClator as far dillant fiorn the Sim 
as vve are from the Aars, would fee the Sun as fmall as 
we fee a Aar, diveAedof all his cii ciimvolving plinets; 
and he would reckon it one of the liars in numbering 
them. 

According to the Pythagorean and Copernican hy- 
pothclis, which is now generally received, and has 
been demonArated to be the true fyAem, the Sun is 
the common centre of all the planetaiy and cometary 
fyAem ; around which all the planets and comets, and 
our earth among the leA, revolve, in different peiiode, 
according to their dilfcient diAances from the Sun, 

Hut the Sun, though thus cafed of that prodigious 
motion by whicb tlie Ancicuta imagined he revolvc<l 
datly round our earth, yet is he not a pcife6Ily quicfcciit 
body. For, from the phenomena of his maculae or fpots, 
it evidently appeals, tliai he has a rotation round his axis, 
like that of the earth by which our natural day is mca- 
fured, but only llower. For, fome of tliefe fpots have 
made their fir ft appearance near the edge or margin of 
the Sun, from thence llicy have feemed giadually to 
pafsover the Sun’s face to the oppofite edge, tlien dlf- 
appear ; and hence, after an abftnce of about 14 days, 
they have reappeared in their firll place, and have taken 
the fame courfe over again ; finiAiing their entire circuit 
in 27 days 12** lo*" ; which is hence inferred to be the 
period of the Sun’s rotation round his axis; and there* 
fore the periodical time of the Sun’s revolution to a 
fixed A ai IS 25'’ 15'’ 16'"; bccaufe in 27‘‘ 12'’ zo^ofthc 
month of May, when the obfervations were made, the 
earth deferibes an angle about the Sun’s centre of 
26^ 22', and tliciefore as the angular motion 

3^0® + 26'’ Z2' : 360° ; ; zy** la'’ 20*" ; 25** 15* i6’". 
This motion of the fpots is from well to caft : whence 
wc conclude the motion of the Sun, to which the other 
is owing, to be from calf to w'eft, 

Befide this motion round his axis, the Sun, on account 
of tlie various attractions of the furroundfng planets, is 
agitated by a fmall motion round the centie of gravity 
of the fyftem. — Whether the Sun and Aars have any pro* 
per motion of their own in the Immenfity of /pace, 
how ever fmall, is iiotabfulutcly certain. Though fome 
very accurate obferveis have intimated coiye<i^imcs of 
this kind, and have m<ide fiich a general motion notim- 
probable. Sec S r A r s . 

/br the apparent annual motion of the Sun round the 
eatth i itiscaUly Aiewu, by aAronomers, that the real 
annual motion of the earth, about the Sun, will caufe 
fuch an appearance. A fpeClator in the Sun would 
fee the eartli move from weA tp caA, for the fame tea* 
fon as we fee the Sun move fr^m eaft to w'eft ; and all 
the phenomena refulting from this annual motion in 
whicfifoevcr of the bodies it be, will appear the fame 
3 Z o from 
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from cfther. And hence arlfcstl^at apparent motion of 
the Sun, by which he is feen to advance infcnhbly to* 
wards the eallern ilarsf in fo much that, if any ilar, 
near the ecliptic, life at any time with the Sun ; after 
a few ilciys the Siui will he got more to the call of the 
ftar, and the ilar will rife and let before him 

Kulurfy Proper licit Fi^urey iffct of the Sv^, 

Tliofe who have maintained that the fuhftance of the 
Sun is lire, argue in the following m inner; Tiie Sun 
fhincs, and his rays, col!e(^itd hy concave mirrors, or 
convex lenfes, do burn, conl'ume, and melt the moll 
folid bodies, or elfe convert them into alhea, or glafs : 
therefoie, as the force of t‘'e folar rays is diminiflied, 
by tlieir divergency, in a dn|)li<\*,te ratio of the diilunccs 
reciprocally taken ; it is evident tint iheir force and 
cf}e<fl: ate the lame, when colkt^led by a burning lens, 
or mirror, as if wc were at iuch <lilLuice from llie liin, 
whcie they were equally denfe. The Sun’s lays there- 
fore, in the neighbourhood of tlie Sun, produce the 
fame effects, as might be expefud from the moll ve- 
iiemeiit fire ; confequcntly the Sun is of a fiery fub- 
llance. 

Hence It follows, that its furfacc is prolnbly eveiy 
where fluid ; lliat being the condiiion of flame. Indeed, 
whether the whole body of tlie Sun be fluid, as fomc 
think ; or folid, as otheis ; they do not prefumc to de- 
termine : but as there aie no other marks, by which 
to diftinguifli fire from other bodies, but light, heat, a 
power of burning, confuming, melting, calcining, and 
vitrifying ; they do not fee what flionld hinder but 
that the Sun may be a globe of fire, like our tires^ in- 
vefted with flame ; and, fuppofing that the maculx are 
fornacd out of the folar exhalations, they infer that the 
Sun 18 not pure lire ; but that there are heterogeneous 
parti mixed along with it. 

Philofophcrs have been much divided in opinion with 
tefpedl to the nature of fire, light, and heat, and the 
caufe 8 that produce them ; and they have given very 
dllFtreni accounts of the agency of the Sun, with which, 
whether wc confider them as fubllances or qualities, 
they are intimately connefltd, and on which they Icem 
primaril)” to depend. Some, among whom wc may 
reckon Sir Ifaac Newton, confider the ra )8 of light as 
compofed of fmall particles, which are emitted from 
Ihining bodies, and move with uniform velocities in 
uniform mediums, but with variable velocities in me- 
diums of variable denfiiies. Thefe particles, fay they, 
aft upon the minute conftituent parts of bodies, not by 
impaft, but at fome indefinitely fmall diilance ; they at- 
traft and are altrafted ; and in being reflefted or rc- 
frafted. they cjfcitc a vibratory motion in the compo- 
nent particles. This motion increafes the dillance be- 
tween the particles, and thus occafions an augmentation 
of bulk, or an cxpanfioii in every dimenfion, which is 
the mod certain cnaraftcrillic of fire. This expanfion, 
which is the beginning of a difunion of the parts, being 
Increafed by the increafing magnitude of the vibrations 
proceeding from, the continued agency of light, it may 
cafily be apprehended, that the particles will at length 
vibrate beyond their fphere of mutuaTattraftion, and 
‘ Ihus the texture of the body will be altered or dedroyed ^ 
Irom folid; it become fluidi an in melted gold ; or 


from being fluid, it may be difperfed in vapour, as in 
boiling water. 

Others, as Boerhaave, reprefent fire as a fubdance fui 
^enerisf unalterable in its nature, and incapable of being 
produced ordedroyed ; naturally exiding in equal qudii% 
tities in all places, inmcrccptiblc to our lenfes, an lo 1I7 
dlfcovcrablc by its cficft-, when, by various caufes, it 
is collcftccl for a time into a Icfs fpace than that w’hich 
it would otherwife occupy. The matter of th\& lire is 
not ill any wile fiippofcd to be derived fiom the Sun : 
the folar rays, whether dirc6l or reflected, are of ufe 
only as they Impel the particles of fue In parallel direc- 
tions ; that parallellfm being dedroyed, by intercepting 
the folar rays, the fire lultantly airumes its natural date 
of uniform diilnfion. According to this explication, 
w’hicli attributes heat to the matter of fire, when droeii 
in parallel dirtftlons, a much greater degice mull [je 
given it wlicn tlie (piantity, iocolleftcd, is amaffed inio 
a focus ; and yet the focus of the larged fpeciilum docs 
not heat the air oi mcdiuui in ivhich it is is foiind, 
but only bodies of dcnfitliS diflerent fioin that me- 
dium. 

M de Luc (Lcttro.s Phyrujiies) is of opinion, that 
the folar rays are the pilneipal ciiifc of heat; but 
that they heat Inch bodies only as do not allow tliem .t 
free palfage. In this reunarlw he agrees with Newt ju ; 
but then lie dllfcrs totally from him, as well a. fioin 
Boerhaave, conccniing the nature of the m\s of the 
Sun. He does not admit the emanation of any lumi- 
nous corpufclcs from the Sun, or otlier felf-flilniii,; 
fubllances, but fuppofes all fpacc to be filled with au 
ether of great eladicity and fmall denifity, and that 
light coiilids in the vibrations of this ether, as found 
conlids in the vibrations of the air. “ Upon Newton’s 
fuppofiuon, fays an excellent writer, the caulc by 
which the particles (T light, and the corpufeks eon- 
llituting other bodies arc mutually attrafted and lepclltd, 
is unceitain. The rcafon of the uniform diftuliou ut 
fire, of its vibration, and repercullion, as Hated in 
Boerhaave’s opinion, is equally inexplicable. And m 
the lad mentioned hypothelis, we may add to the 
other difficulties attending the fuppofition of an univei- 
fal elhei*, the want of a lird mover to make the Sun vi- 
brate. Of thefe feveral opinions concerning elemen- 
tary fire, it may be faid, as Cicero rcmaiked upon the 
opinions of philofophcrs concerning the natiiie of the 
foul : Hdrum Jentendarum vera fity Deus al’irptis r/' 

ihrit ; qu2 verifmiU'mat mugna queJPo eJlF Watloii’s 
Chem. EIT. vol. i, pa. 164. 

As to the Figure of the Sun ; this, like the planets 
not perfeftly globular, but fpheroidical, being higher 
about the equator than at the poles. The rtafon ol 
which is this; the Sun has a motion about his own axis ; 
and therefore the folar matter will have an endeavour to 
recede from the axis, and that with the greater foicc 
as their dillances from It, or the circles they move inj 
,arcgrea^r : but the equator is the greateft circle ; and 
the reft, towards the poles, continually dccrcafe; there- 
fore the folar matter, though at firfl: in a fphericalform^ 
wifl endeavour to recede from the centre of the equa- 
tor farther than from the centres of the parallels. Con- 
fequently* fince the gravity, by which it i3r«;taincd m 
its place, is fuppofed to be uniform througliout the 
whole Sun, it will rcaDy recede from the centre more at 
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xhc equator, than nt any of the paialldi; and henre 
the Sun’s diameter will be greater through the equator, 
than through the poles; thnt is, the Sun’s %ure is not 
perfectly fphcricnl, but fpheroidical. 

Several pari tculars of iU Sun, related by Newton, in 
his Principia, are as follow : 

1. That tlie denfity of the Sun’s heat,' wlilch is pro- 
portional to his light, is 7 times as gieat at Mercury ms 
with ns ; and therefore our water tiicrc would be all 
carried off, and boll away : for lie foinul liy expet i 
meets of the thermometer, that a heat but 7 times 
gt cater than that of the Sijn beam^ in fumnur, will 
ierve to make water boil. 

2. That the quantity of matter in the Sun Is to thnt 
in Jupiter, nearly as 1 100 to t ; and that the dlllance 
of that planet from the Sint, is in the fame ratio to the 
Sun’s femidiameter. 

3. That the matter in the Sun is to thnt in Sitinn, 
332360 to I ; and the dlllance of Saturn from the Sun 
is in a latio hut little* lefs than that of the Sun’s fetm*- 
diaincter. And hence, that the common centte of gra- 
vity of the Sun and Jupiter is nearly in the fupciticies 
of the Sun ; of the Sun and Saturn, a little within it. 

4. And by the fame mode of calculation it will he 
found, tliat the (iommon centre of gravity of all the 
planets, cannot be more tlinn the length of the folar 
diameter dillarit from the centre of the Sun. This 
common centre of gravity he proves 13 at rcll ; and 
llicivfore though tlic Sun, by reafon of the various po- 
fitionsof the plaiutf, may be moved every way, yet it 
eannot recede far from the common centre of gravity, 
and this, he thinks, ought to be accounted the centre 
of our woild. Book 3, prop, 12. 

5. By incarns of ilic folar fpots it hatli been difeover- 
<d, that the Sun re*voIves round his ©wn axit., without 
moving confiderably out of his place, in about 25 days, 
and that the axis orthis motion is inclined to the eclip- 
tic in an an^le of 87^^ 30' neaily. The Sun’s apparent 
diameter being fenfibly longer in December than in June, 
the Sun mull he proportlonably nearer to the caith in 
winter than in Summer; in the former of which feafons 
therefore will be the piriiielion, in the latter the aphe- 
lion : and this is alfo confirmed by tlic earth’s motion 
bung quickei in December than in June, as it is by about 
-,‘5 part. For fincc the caith always delcrlbcs equal 
areas in equal times, whenever it moves fwifter, it mull 
needs be nearer to the Sun : and for this reafon tlicic 
are about 8 days more from the fun’s vernal equinox 
to the autumnal, than from the autumnal to the ver- 
nal. 

6. '‘Idiat the Sun’s diameter is equal to 100 diameters 
of the earth; and tlieicforc the body of the Sun mull 
be looocootimcs greater than that of tlie earth.— Mr. 
Azout, alTures us, that he obferved, by a very exa^t int- 
ihod, the Sun’s diameter to be no lcl?« than 

his apogee, and not greatei than 52' 45" in liis peri- 
gec. 

7. According to Newton, in his theory of the moon, 
the mean apparent diameter of the Sun is 3.2’ 12'^ — 
The Sun’s horizontal parallax is now fixed at 3 ',V 

8. If you divide 360 degrees (the whole ecliptic) by 
the quantity of the folar year, it will give yf S" See, 
which therefore is the medium quantity of the Sun’s 
daily motion ; and if this 59' S" be divided by 24, you 


have the Sun’s horaiy motion equal to 2’ 28’': and if 
thislall be divided by 60, it wdl give his motion in a 
minute, ^cc. And in tin's way are the tables of tlic 
Sun’s mean motion eoiillui^ltd, as placed in books of 
Allronomieal tables and eiilculatlons. 

SUNDAY, the fnd day of the week; thus called 
by our idolatuvas ancdioib, bccaufc fet apart for the 
uorlhip of tin fun, 

It^is lo.ntti.ius calli'd the J.orTs Day, becaufc kept 
as a It all in lueinoiy of our fluid’s iclurrevflkan on this 
day : aiid alio becaiilc fubllituted under 

the new law inllcad of the Sabbaili in tlie old lavi% 

It was Conilantine the Uuat wlio lirll made a law for 
the [iH'jKT oblcivalii)!! of Sunday ; and wdio, according 
to Uiii>.l)iiu-, .ippouUed th.it it llio'ild be regulaily celc- 
bi.ited thioughout ihe Roman empii^e. 

Sunday l.dtsr. See Domin ical ///’/A r. 

SlU’ERFICDVL, relating ti^ SujDeii'icKS. 

SUFF.RMCIF.S, or SukfacJ', in (geometry, the 
outlide or txteiior face ('f any body. 'I'hls rsconlidcicd 
as Iiaviiig the two diincn lions of length and bieadth 
only, hut no ihlcknefs ; and therefore it makes no part 
of the fubllancc or folid content or matter of the 

'xi;';- 

^'Fhe tcims or bounds or exticmlties of a Superficies, 
are lines ; and Supei licics may be confidcred as generated 
by the motions of lines. 

Siipcilicies arc cither re6lilincar, curvilinear, plane, 
concave, or convex. A 

RcHtltacar Superficics, is that which is bounded 
by right lines. 

Curvilinear Surii RFiclKS, is bounded by curve 
lines. 

Plane Superficips is that which has no inequality 
in it, nor liiings, nor linkinj’s, but lies evenly and 
flraight throngliont, fo that :i right line may wholly coin- 
cide wuth it in all parts and direi lions. 

f’fi'/z'iv.v Super 1 ic; I Ks, is that which is curved and 
rifes outvvaids, 

Su PRRFicrns, is curved and finks inward, 

T 1 le mcafuic or quantity of a Suiface, is called the 
area of it. And the finding of this nieafiire or area, ii 
fomclinK 3 called the r^u/ult alure of it, meaning the re- 
ducing it to an equal Itju.ne, or to a ceitain number of 
frnaller fquaies. T'or all plane figuixp, and tiic Suifacei 
of all bodies, aic rnearmed by fqiintcs ; ns rqunre inches, 
or fquare feet, or fqu.ne )aid,s, dtc ; that rs, fquarcs 
whofe fidcs are inebe*, or feet, or yards, Sec. Our 
lead fiq lerficial meafme is the Iquaie inch, and otlicr 
fquares au* taken from it aecoidlng to the propoitiou in 
the following Table ol jupeiliciid or fquaic mcafuie, 

'Talle of Super Jui ill or S'juar: Mepjure, 

144 fquare inehe.'i r:: i f(;u"rc foot 
9 fquare feet l fquaic yard 

30J fquare yards i fquare pole 

16 fqu.Mrc pohs rr i fquaie chain 
10 fquare chains rrr i acic 
640 acres - - 1 fquare mile, 

^'he Superfli iai incafiMc of all bodies and figures de- 
pends ciiliicly on that of a lei^langlc; and this is found 
by drawing or multiplying the length by the breadthof 

3 Z 1 It t 
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It ; as is proved from plane geometry only, in my Men- 
furation, pt. 2, !, prob. I. From the area of the 

rcdan^^le we ohttra that of any oblique parallelogram, 
which, by geometry, is equal to a redangk of equal 
baft’ and altitude j thence a triangle, which is tlie half 
of fuch a parallelogram or rc<flangle i and hence, by 
compofition, we obtain the S<ipcrlficic3 of all other fi- 
gures whatever, as ihefe may be conf}dcied as made up 
of triangles only. 

Befide this way of deriving the Superficies of all fi. 
gures, which is the moll liinplc and natural, as proceed- 
ing on common geometry alone, there are certain other 
metliods ; fuch as tlie methods of exhaullioiis, of fluxions, 
5:c. See thefe articles in tl^ir places, as alio ad a A- 
lURl S. 

Line of Su PERfiCiFs, a line ufually found on the 
fe£lor, and Gunter's fcalc. 'Fhe defeription and ufe 
of wliich, fee under Sector andOuw^TER's Scales 

SUPERPAllTICULARF/ty>«r/;o;/, or Ratio,, is 
that in which the greater term exceeds tlic lefs by unit 
or I. As the ratio of 1 to 2, or 2 to 3, or 3 to 4, &c. 

SUPERPARTI ENT Proportion^ ox Ratio, is when 
the greater term contains the Icfs term, once, and leaves 
fome number greater than 1 rem-tining. As the ratio 

of 3 to 5, which is equal to that of i to 1 j ; 

of 7 to 10, which is equal to that of 1 to l J ; &c, 

SUPPLEMENT, of an arch, or angle, in Geome- 
try or Trigonometry, is what it wants of a (emicircle, 
or of 180 degrees ; as the complement is what it wants of 
a quadrant, or of go degrees. So, the Supplement of 
50'^ is 130® ; as the complement of it is 40®. 

SURD, in Arithmetic, denotes a number or quantity 
that is ineornmenfurate to unity ; or that is incx.prefli- 
Vle in rational numbers by any known way of notation, 
otherwile than by its radical fign or index. — This is 
other wile called an irrational or incommti fur able number, 
as alfo an imperfe'il poxver^ 

Th«jfe Suids arife in this manner: when it Is pro- 
pofed to cxtra£f a certain root of fome number or quan- 
tity, which is not a complete power or a true flgurate 
number ot that kind j.as, if its Iquareroot be demanded, 
and it is not a true fquare ; or if its cube root be rc- 
quiicd, and it is not a, true cube, &c ; then it is impof- 
hblc to aflign, either in whole numbers, or in fraftions, 
the exad root of fuch propofed number. And when- 
ever this happens, it is ufual to denote the root by felting 
before it the proper mark of radicality, which is and 
placing above this radical figii the number that Ihews 
what kind of root is required. Thus, ^2 or V'z figni- 
lics the fquare root of 2, and ^10 fignifies the cube 
loot of 10 ; which roots, bccaufe it is impofliblc to cx- 
prefs them in numbers exav:;\ly, aic pioperly called 
tout'd rvets, 

'['here is alfo another way of notation, now much in- 
life, by which roots are exprefled by fradional indices, 
without tlie radical fign : thus, like as .v*, .1?^, x*, &c, 
denote the fquare, cube, 4th power, 6cc, of a; j fo 

I t t 

« x\ x^, &c, denote the rqiiare root, cube root, 4th 
root, &c, of the fame quantity x * — The reafon of this 
. » plain enough j for fince a/xSs a geometrical mean 
proportional between 1 and x, fo i is an arithmetical 
stean hciweeu 0 and i ; anid therefore, ai 2 is the iodeiL 


of the fquare of x, | will be the proper index, of its 
fquare root, &c . 

It may be obferved that, for convenience, or the fake 
0/ brevity, quantities which are not naturally Surds, are 
oftan expreifed in the form of Surd roots, Tims v'4v 
Vh \^^ 7 i ^te the fame as 2, 3^ 

Surds are either Jtmpfe or compounds 
Simple Surds, are fuch as arc-expeeflfed by one Angle 
term ; as \^2, or ^a, &c. ^ 

Compound Surds, are fuch .as confill of two or more 
fimplc Surds conaeded together by the figns + or — ; as 

s/l + ✓s - v/2» or v/5 + v'i: 'vlilch. 

lall- is called aiv. univerfal root, and denotes the cubic 
root of the fum arifijig by adding 5, and the root of a 
together. 


Cf certain Operations by Surds, 


u Such Surds as ^2, 4/^, &c. though they 

are ihemfelves incommenfurable wdth unity, accordinj- 
to the definition, are commenfurable In power with 1% 
bccaufe their powers are integers, which arc multiples 
of unity., They may alfo be lomctimes commenfurable 
with one another} as ifS and ^2, which ate to oin' 
another as 2 to i, as Is lound by dividing them bv ili. r 
greatell common meafure, which is ^2^ for then ilio:o 
two become ^^4 = 2, and i the ratio. 

2, To reduce Rational ^lantitics to the farm of un\' 
propofed Surd Roots . — Involve the rational quantity 
according to the index of the power of the Surd, and 
then prefix l)efore that power the propofed radical 
fign. 

Thus, a =: 4^/a^ = ^/a^ = See. 

and 4 = v^l6 = ^64= ^256 =: -^4", 5 cc, 

And in this way may a fimple Surd fra6lion, wliofc 
radical fign refers to only one of Its terms, be changed 
into another, which fliall include both numerator and 


denominator* 


Thus, is reduced to v/— , 

5 25 


and 


5 ? »12C 

to \/ — : thus aMb the quantity a reduced to 
V 4 4 


the form of x" or S/x, is or !fa\ And thus 
may roots with rational coefficients be reduced fo 
as to be wholly affeded by the radical fign; as 


a IJ/.v = a“jr. 


3.. Tp reduce Simple Surds, having different radical 
fi^ns (v/hich are called heterogeueal Surds ) to others that 
may have one common radical Jtgn, or which arehomogeneaJ: 
Or to reduce roots of different names to roots of the fame 
name , — Involve the powers reciprocally, each according 
to the index of the other, for new powers ; and \nul- 
tiply their indices together, for the common index. 
Otherwife^.as Surds may be confiderod as powers with 
fradional exponents,, reduce thefe fradioixal exponents* 
to fractions having the fame value and a common 
denominator. 


Thus, by the ift way, 

and become and 
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nndf by tbc ad way, > 

A X t 

a" and .v"‘ become and 

Alfo ^5 and i/z arc. reduced to ^27 and ^^4* 
which are cc^ual to theno, and have a common ladical 
fign. 

4. To reduce Surdt to their mojl fmple exprejfwns^ or 

to the lowefi terms pojfillc , — Divide the ijurd by the 
greatcll power, of the fame name wiih tlut of the root, 
which you can difeover is contained in it, and wliich 
will meafure or divide it without a remainder ; then 
cxtra^\ the root of that poweiv and place it befoic the 
quotient or Surd fo divided ; this will produce a new 
Surd of the fame value with the former^ but in more 
iimple teiins. Thus, by dividin^r by i6n*, 

and prefixliig its root 4/7, before the quotient \/.v, be- 
comes Afa»Jx\ in like manner, .^12 or 4X3, 
becomes 2 ^^3 ; 

And \/ ab^x reduces iol^ ax, 

Alfo -J/Si = v^27 X 3 = X 3 = 3^3. 

And v^ 288 = \/ 144 x 2 = i2\/2. 

5. To Add nnd SuhtroB Surds * — When they are re- 
duced to their lowell terms, if they have the fame 
irrational'part, add or fubtra^l their rational coefficients, 
and to the fum or difference fubjoin the common irra- 
tional part. 

Thus, ^75 + v/48 = 5 v '3 + 4/3 = 9 / 3 ! 
and ^150 — ^^54 = 5 >^6 — 3 = 2 -v/6 ; 

alfo + t^c'^x ^ a c\/x = a -{iC.t/x* 

Or fuch Surds may be added aad fubtra£led, by firii 
fquaring them (by uniting the fquarc of each part with 
double their product), and then exvrading the root 
univerfal of the whole. Thus, for the lirlt example 
above, 

/TS + v'48 =^^75 4 - 4 8 4 - 2/ 75 X 48 = 

\/l7f+T^i(>00 = \/ + 120 =5 ^243 = 

9 V' 3 - 

If the quantities cannot be reduced to the fame irra- 
tional part, they may juft be conntifted by die ligna 
“f or — . 

6. To Muhiply and Divide Surd^, — If the terms 
have the fame radical, they will be multiplied and 
divided like powers, viz, by adding their indices for 
multiplication, and fubtrading them for divifion.. 

Thus, 

»/a X l/a X X J 

and ^2 X \/2 2^ ss: !(/ 2 ^ = 

alfo j/a -r y/a =3 <1* -f* a^ =: ^ (i\- 

and $Jz -r 2^ 

If the quantities hfi different, but under the fame 
radical fign ; multiply or divide the quantities, and 
place the radical fign to theprodud or quotient.- 

Thus, xPz X y/s == v'lor 
and ^ a* X j, 

alfo (/zo -r V4 = 


But if the S'lrds have not the fame radical fign, re- 
duce them to fuch as (hall have the fame radical ^fign, 
and proceed as i)eforc. 

Thus, X :yb := X ~ ; 

and ^axi/ 4 = ^^1x^/4*= v/ 51 <To = ;/i28. 

If the Surds have any rational coefficients, their 
produd or quotient muft be prefixed. 

Thus, S\/(> X 2^/3 = iOv/i8 = 30^2 ; 
and S^s -r 2 y /6 =: 

7. Involution and Evolution of Surds.’-*' ' -Surds arc 
involved, or raifed to any power, by multiplying thur 
indices by the indcK of the power ; and they arc evol- 
ved or extraded, by dividing their indices by the index 
of the root. 


Thus, the fquarc of 3 / 2 or of 2 ^ is 2 ^ j 

and the cube of y/j or of 5^, is 5^' = s/\l$ ; 


alfo the fquarc root of ^4 or 4’, 134*^ 2^ :z: i^/z. 

Or thus : involve or extrad the quantity under the 
radical fign according to the power or root uquired, 
continuing the fame radical fign. 

So the fquarc of Kfi is (/4 ; 
and the fquarc root of ^4, is ^2. 

Unlefs the index of the power is equal to the name 
of the Surd, or a multiple of it, for in that cafe the 
power of the Surd becomes rational. Thus, the fquaie 
of >/3 is 3, and the cube of is <2*. 


Simple Surds arc commcnfiirable in power, and by 
being multiplied by thcmfelveo give, at lengthy, rational 
quantities : but compound Surds, multiplied* by them- 
lelvcs, commonly give irrational produds. Yet, in 
this cafe, when any compound Surd is propofed, there 
is another compound Surd, which, multiplied by it, 
gives a rational produd. 

Thus, if a + fh multiplied by \/a — \/h gives a*- b; 
and i/a-^i/b mult, by If \fb‘^ gives — 

The finding of fuch a Surd as multiplying the propofed 
Surd gives a rational produd, is made eafy by three 
theorems, delivered by Madaurin, in his Algebra, pa. 
109 &c. 


This operation is of ufe in reducing Surd exprcflioiis 
to more fimple forms. Thus, fuppofe a binomial Surd 
divided by another, as f 10 4- a/i 2 by — v'3, 
the quotient might be cxprcfTcd by 

fio -f- f\2 _ + 2v/3 U . . 1 .- -n L 

Z ; — ; but this will be cx- 

a/S “ v'3- /5 - v /3 

pwefled in a more fimple form, by multiplying both 
numerator and denominator by fuch a Surd as makes 
the produd of the denominator become a rationar 
quantity: thus, multiplying them by -h the 
fradion or quotient becomes 

j '/S4-/3 /5+/3 _ ^ ^ 2I+/3l’_ _ 

V's + V'a 5--3 = 2 


/5 + -v/ 3 |‘ = 8 + 

To do this generally, fee MacUurin^s Alg. p, 113* 

When the fquarc root of a Surd is required, it may- 
be found nearly, by extrading the root of a rational 
quantity that approximates to us value. Thus, to find the 

l^uaic. 
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fqiiarc root of 3 + 2 ^^2 ; fir ft cnlculate ^2 r= 1*4 1 4 2 1 ; 
hcnCiJ 3 + 2^2 = 5*82842, the root of which is nearly 
2*41421. 

In like manner w’e may proceed wifh any other pro- 
pnfed root. And if the index of the root be very high, 
a table of logarithms mny be nfed to advaiUage : thus, 

to extra^f the root 5 *1’ V/ * ] J take the logarithm 
(jf 17, divide it by 13, find the number anfwering to 
the quorient, add itiis nuiTibcr to 5, find the log. ol tl-e 
luni, and divide it by 7, and llic nunibcr anfwcring to 

this quotient will be nearly equal to \/ 5 -f ‘>^17. 

But it is fometimes icquilile to exprefs the roots of 
Suida exactly by other Surds. Thus, in the fiilt ex- 
ample, the hquare root of 3 -f 2 a/ 2 is I T ■v/^, for 

i-h2v/2 + -2 = 3 + // 2. For the 
rnetheicl of perfotnu”g this, the curious may Cf)n(nlt 
Maelaui ill’s Algid), p. 1 15, whcie alfo ruks for tiino- 
. mials &ic may be found. See alio thcaitiele Binomial 
JloofSj in thin Dictionai y. 

. For extracting the higher roots of a binomial, whofe 
two mtinbtrswlun fquare’d are commenfiiiable numbcis, 
we have a nile in Niwton’s Aiilh. pa. 59, but without 
dcmonftratiop* 'I’his is fupplied by Maelnurin, in his 
;\lg. p. i?o: as alfo by Giavcfande, in iiis Alathefeos 
Univeif. KUin. p. 21 1. 

It fometimes happens, in the refolution of cubic 
equations, that bluomiiijls of this form — I 

occur, the cube loots of wiiicli mull be found ; and to 
^thelc Newton’s uile cannot always be applied, Lecaufc 
of the impolTible or imaginary faClor ^ J ytt if 
the root be expriflible in lational numbers, the rule 
will ofttn yield to it in a Ihoit way, not merely ten- 
tative, the tiials being confined to known limits. Sec 
Maclaurin’s Alg. p. 127. It may be farther obferved, 
that fuch roots, whether exprefiible in rational num- 
bers or not, may be found by evolving the quantity 
j -F — I by Newton’s binomial theorem, andfum* 
ming ujp the alternate icims. Maclaurin, p. 130. 

nolc who arc delirous of a general and elegant folu- 
tion of the problem, to extra^i (wy root of an \mpoJj\hk Imo* 
tnial a + b\/~l» or of a pfftble binomial a V^b, 
may have rccouife to the appendix to SaunderlotFs 
Algebra, and to the Philof. Tranf. number 451, Or 
Abridg. vol. 8, p. 1. On the management of Surds, 
fee alfo the numerous authors upon Algebra. 

SUKDESOLll). See Sursolid. 

SURFACE, in Geotnetry, Sec Supirficies. 

A mathtfaalhal Surface is the mete exterior face 
of a body, but is not any part of it, being of no 
thlcknefs, but only the bare figure or termination of 
the body. 

A Phfical Surface is confidered as of fome very 
fmall thicknefs. 

SURSOLID, or SuRDEsoLtD, in Arithmetic, the 
5th power of a number, coniidered as a root. The 
numlxr 2, for inllance, confidered as a root, produces* 
the powers thus : 

2 =r 2 the root or i ft power, 

2 X 2 = 4 the fquare or 2d power, 

2 X 4 = 8 the cube or 3d power, 

2 X 8 =16 the biquadratic or 4th power, 

2 X 16 := 31 the Surfolid or 5th power. 

6 
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Sursolid PaoeLLM, is that which cannot be re. 
folvcd but by curves of a higher kind than the conic 
fedions, 

SURVEYING, the art, or ad, ofmeafuring land. 
This comprifts the three following parts ; viz, taking 
the dimenfions of any trad or piece of ground ; the 
delineating or laying the fame down inam.apordtnughr ; 
and finding the fiipcrficial eoiitcnt or area of the fame ; 
belidc the dividing and laying out of lauds. 

7 'I c firrt of tlicfc is what is properly called Sut<i'ey’}n<r; 
the lecond is calkd plotting, or yrolroOlingy or 
and the third cajling vp, or computing the contents. 

The firft again conliih of two parts, the making of 
obfervations for tlie anghs, and the taking of lineal 
meafuies for the dijlanccs. 

Tlie lorrDer of thefe is performed by fome of the 
following iiillriimeiits ; the theodolite, cireumfeivntor, 
kniitiicf , plain-table, or compafs, or even by ihr 
chain ilfclf : the latter is perloinad by means elUai oi 
the chain, 01 the perambulator. The difcriptlon ai ij 
manner of iiliiig each of thefe, fee uiidei its jefpce^b\e 
article or name. 

It is iilclul in Suivcying, to take tlic ai glcs whii’i 
the bounding lines foim with the magnetic needle, in 
order toe heck the angles of the figuie, and to p’d 
them conveniently afterwards. But, as the difTtrence 
l)etwcen the tine and n'ngnetic mciidian perpctuallv 
vaiitb in all place?, and at all times ; it is imjHiilible to 
compaie two furveys ( f the lame place, taken at difiaut 
time?, by magnetic inlb luneiitt., without making due 
allowance for this variation. Sie c'bfeivaticns on this 
lubjt^t, by Mt. Molineux, Philol. Tranf. number 230, 
p. 625, or Abr. vol- l, p. 125. 

Ihe fecond bianch of Surveying is performed l)y 
means of the protrador, Knd plotting fenie. The de- 
fcriplioD of which, fee under tlielr ptoper namv?. 

If the lauds in the fuivey are hilly, and not in any 
one plane, the meafiiicd lints cannot be truly laid dovni 
on paper, till they' are reduced to one plane, which 
mull be the hotizontal one, bicaufe angles are taktn 
in that plane. Andin thiscafe, when obfeiving diHant 
('bjedis, for tlu'Ir elevation or (kpreflion, the following 
table fticvvs tliC links or jiarts to be fubtraded from each 
ediain in the hjpothenufal line, when the angle Is the 
corrtfponding number of degiccs. 


A Tarle Unis to be fuhraSed out of excry 
chain in Lyyolheuifrl Inies^ of JiVcnd dtgttes of 
altitude or depreJiOtii Jor rcuucing them to Uti- 
ypntaL 

linh Unis 

4* 3' 4 ■ !&* 5 /' 

5 44 F 21 34 - 7 

7 ■ « i 23 4 ® 

'8 7 I I 24 30 9 

II 29 2 24 50 10 

14 4 3 27 « ** 

16 16 4 ,28 22 ^2 

18 12 5 29 3a ; J 3 _ 

For 
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If a flallon line meafurc 1250 links, 
or i?i chains, on an afeent, or a defeent, of 
here U is after the rate ofalmoll two links per chain, 
and it wdl be exai^ enough to take only the 12 chains 
at that rate, which'^make 24links in all, to be deduced 
from I2JO, which leaves 1226 links, for the length to 
be laid down. 

Praeflical fuiveyors fay, it is bcfl to make this deduc- 
tion at the end of every chain-length while mcafuring, 
by drawing the chain forward every time as much as 
the dcdii^^ion is ; viz, in the prefent^inttance, drawing 
the chain on 2 links at each chain-length. 

The third branch of Surveying, namely computing 
or catting-up, Is performed by reducing the feveral in- 
clofnres and divifions into triangles, trapeziiiins, and 
paiallclogiams, but cfpccially the two former; then 
linding the areas or contents of thefe fevcial figuies, 
and adding them all together. 

T/'e PratVice of Surveftngt 

I. Land is mcafured with a chain, called Gunter’s 
chain, of 4 poles or 22 yards in length, which confifU 
of roo cfjual links, each link being x,<rr of a yaul, or 
of a foot, or inches long, that is nearly 8 
iiicljC'S or j of a foot. 

Ail acre of land is equal to lo fqnarc cliullis, that 
is, 10 chains in length and i cliain in breadth. 

Or it is 40 X 401* 160 fqua re poles. 

Or it is 220 X 22 or 4S40 I'quare yards. 

Or it is 1000 X too or ICQOOO fquare links. 

Thefe beingall the fame quantity. 

Alfi), an acre is divided into 4 parts called roods, 
and a rood into 40 parts called perches, which arc fquare 
poles, or tlie fquare of a pole of 5^ yards long, or 
the fqnarc of } of a chain, or of 25 links, which is 
625 fquare links. So that the divilioiTs of land meafure 
will be thus : 1 

625 fq. links = I pole or perch 
40 perches = 1 icod 
4 10<lds I aCl C 

Tlic length of lines, mcafured with a chain, arc 
‘fet down in links as integers, every clnin in Icnglli 
being lOo links; and not in chains and decimals. 
Therefore, after the content is found,, it will be 
in fquare links ; then cut off five of the figures on 
the right-hand for decimals, and the reft will be acres, 
Thofe decimals arc tlien multiplied by 4 for loods, and 
tue decimaUof ihefe again by 40 for perches. 

£r. Siippofe the length of a rectangular piece of 
ground be "92 links, and its breadth 385 : lo find the 
area in acres, roods, and perches. 



“tobo ' 

6336 

2376 

— " ■ ac, ro. p. 

3*04920 Anf. 307 

4 

•19680 

7*87200 


2. Among the varlona Inftrumcnt« for furveying, the 
plain-table is the eaficft and moft generally ufeful, cfpe- 
cially in crooked dithcult places, as in a town among 
lioufcs, See, But although the plain- table be the moft 
generally ufcfnl inftrmnent, it is not always fo ; there 
being many cafes in which fo netimes one inftrunaent 
is the propereft, and fometimes another; nor is that 
fnrvcyor mafter of his bnfmefs who cannot in any cafe 
diftin uiifh which is the htteft inftrument or method, 
and nle it accoidingly : nay, fometimes no inftrnmcnt 
at all, but barely the chain itfclf, Is the beft method, 
particnlaily in regular open fields lying together ; and 
c\cn when yon aie iifmg the plain-tible, it is often of 
advantage to meafurc inch laige open parts with the 
chain only, and fioin thofe meafurcs lay them down 
upon the table. 

.-he pet ambulator is uful for meafn ring roads and 
other gieat dillances «)n level giouiid, aiul liy the tides 
of livei.s. It has awheel of qMeet, or half a pole, 
ill circumference, upon which the nlachinc turns ; and 
the diftaucc mcafured is pointed out by an index, 
whicli is moved round by cloi k work. 

Levels, with telefcopic 01 other fights, are nfed to 
find the level between place and pl.iec, or how imicli 
one place is higher or lower than anotlur. 

An offset-ftaff is a very nfcful and necelTary inftru- 
ment, for rneafnring the olfstts and other Ihoit (lilUnces. 
It is 10 links in length, being divided and marked at 
eacli of the ro links. 

'^fen fmall arrows, or rods of iron or wood, are 
ufed to mark the end of every chain length, in 
meafiiring lines. And fometimes pickets, or ftaves 
with flags, arc fet up as maiks or obj'.ls of direc- 
tion. 

Vhirlous fcalcs arc alfo ufed in protrafting and mca- 
fuiing on the plan or paper 5 fuch as plane fcalcs, line 
of choids, piotrai^tor, compiiffes, reducing fcalcs, pa- 
rallel ana pu pendicular rulers, &c. Of plane fcales, 
there fhould be feveral fizes, as a chain in i Inch, a 
chain in | of an inch, a chain in * of an inch, Sec. 
And of thefe, the beft for ufe are thole that aic laid 
on the very edges of the iv'ory fcale, to pilck off dift 
taiiccs by, without compaffes. 

3. Fit'U Booh, 

In furveying with the plain-table, afa'ld-hook is not- 
lift'd, as every thing is drawn on the table immediately 
when it is nieafnred. But in furveying with the theo- 
dolite, or any other inftrument, fome fort of a field- 
book mull be ufed, to write down in it a regiltcr or ac- 
count of all that is done and occurs relative to the fur- 
vey in hand. 

This book every one contrives and rules as he thinks 
fitteft for himfclf. The following is a fpecimen of a 
form that has formerly been inuen ufed. It is ruled 
into 3 columns ; the middle, or principal column, is 
for the ftations, angles, bearings, di (lances mcafured, 
&c ; and thofe on the riglit and left are for the offsets 
on the right and left, which are fet againft their corre- 
fponding diftancca in tlic middle column as alfo for 
fach remarks as may occur, and be proper to note for 
drawing the plan, &c. 

Here Q > Aatlon, where the angle or 

bearing is 105^ 25'* On the leJft, 73 links in the 

diffancev 
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diAance or principal line, is an offset of 9* ^ 

610 an offset of 24 to a crofs hedges On the right, 
at 0, or the beginning, an offset 25 to the corner of 
the field ; at 248 Brown’s boundary hedge commences ; 
at 610 au offset 35 ; and at 954, the end of the fnft 
line, the o denotes its terminating in the hedge. And 
fo On for the other ftations. 

Draw a line under the work, at the end of every 
flation line, to pi event confufion. 


Offsets and Remarks 
on the left. 

Stations,! 

Beurlngs, Offsets and Rcmaiks 
and 1 on the right. 
DiftanceB.j 

92 

crofs a hedge 24 

0^ 

i05°25' 

00 

73 

248 

6 io 

954 

2,5 corner 

Brown’s hedge 

35 

00 

houfe corner 5 1 

3+ 

02 

53®io' 

00 

2) 

120 

734 

00 

21 

2q a tree 

40 a llile 

a brook 30 

foot path 16 
crofs hedge 1 8 

03 

tfZQf 

61 

248 

659 

810 

973 

35 

1 6 a fpring 

20 a pond 


(lands at the beginning of the line, holding the ring 
at the end of the chain in his hand, while the Itadei’ 
drags forward the chain by the other end of it, till it 
is firetebed ftraight, and laid or, held level, and^ the 
leader di reeled, by the follower waving his hand, to 
the right or left, till the follower fee him exactly in a 
line with the mark or dlrcdion to be meafured to; 
then both of them (Iretching the chain Rraight, and 
(looping and holding it level, the leader having the 
head of one of his anows in llie fame hand by which 
he holds the end of the chain, he there (licks one 
of them down with it, while he holds the chain 
11 retched. This done, he leaves the arrow in the 
ground, as a mark for tlic follower to come to, and 
advances another chain foiward, being direded in 
his poTition by the follower (landing at the arrow, as 
before ; as alio by himfell now, and at every fiiccecding 
chain’s length, by moving himfelf from lidc to lidc, 
till he brings the follower and the back mark into a 
line. Having then lli etched the chain, and (luck down 
an arrow, as before, the follower takes up his arrovs , 
and they advance again in the fame manner another 
chain -length. And thus they proceed till all the 10 
arrows are employed, and ar-e in the hands of the fol- 
lower ; and the leader, without an arrow, is arrived at 
the end of the i Ith chain length. The follower then 
fends or brings the 10 arrows to the leader, who pnt^ 
one of -them dow'U at the end of his chain, and advane*. > 
with the d’lalu as before. And tlius the arrows au 
changed from the one to the other at every 10 chains’ 
kngth, till the whole line is finiflied ; the number of 
changes of the arrows (hews the number of tens, to 
which the follower adds the arrows he holds in Ins 
hand, and the number of Knks of another chain o\tr 
to the mark or end of the line. So if there base 
been 5 changes of the arrows, and the follower hold 
6 arrows, and the end of the line cut off 45 links 
more, the whole length -of the line is fet down in 
links thus, 3645. 


Dut a few (kilful furveyers now make ufe of a different 
method for the field book, namely, beginning at the 
bottom of the page and writing upw^ards “i by which 
they fketch a neat boundary on cither *hand, as they 
pafs it ; an example of which will be given below, 
with the plan of the groundto accompany it. 

In fmaller furveys and' meafurements, a very good 
way of fettingdown the wwk, is, to draw., by the eye, 
on a piece of paper, a figure refembling that which is 
to be meafured ; and fo write the dimenfions, as they 
are found, againft the correfponding parts of the fi- 
gure. And this method may be pradlifed to a confi- 
dcrable extent, even in the larger furveys. 

4. To meajure a line on the ground with the (kitn : 
Having provided a chain, with 10 fmall arrows, or 
rods, to (lick one into the ground, as a mark, at the 
end of every chain j two perfons take hold of the chain, 
one at each end of it, and all the 10 arrowa arc taken 
by one of them who goes foremoft, and is called the 
leader ; the other being called the follower, for diftinc- 
tion’s fake. 

A picket, or ftation ftaff, being fet up in the direc- 
tion of th^linc to be meafured, if there do not appear 
(bme marks naturally in that direftion } the follower 


5. To tale Angles and Bearings, 


Let B and c be two ob- 
jects, or two pickets fet up 
perpendicular; and let it be 
required to take their bearings, 
or the angle formed betw^een 
them at any ftation a. 

iA With the PL'm Table. The table being covmd 

with a paper, and fixed on its (land ; plant it at the 
ftation A, and fix a fine pin, or a point of the com- 
paffes, in a proper part of the paper, to rcprelent the 
point A : Clofc by the fide of this pin lay the fuliKial 
cdgfc of the index, and turn it about, ftill touching the 
pin, tiU one objcA b can be feen through the fights : 
then hj tbc fiducial edge of the index draw a line. 
the very lame manner draw another line in the direc- 
tion or the other objeA c. And it is done. 

2 d. mth the Theodolite, lAe. Dired the fixed fights 
along one of the lines, as ab, by turning the inibu; 
ment about till ynu fee the mark b through 
fighuj and there ferew the mftrument fail. 




S U R 


S’UR [ 5« ] 


turir Atmwable index about till, throngb its fights, 
you fcc the other mark O. Then the degrees cut by 
the index, upon the graduated limb or ring of the ia- 
ftrument, fhew the quantity of the angle. 

3^/. With the Magnetic Needle and Compafs, Turn 
the inftrumcot, or compafs, fo, that the north end of 
the needle point to the flower-^e-luce. Then diiefl 
the fights to one mark, as B, and note the degrees cut 
by the needle. Then diredf the fights to the other 
mark C, and note again the degrees cut by the needle. 
Then their lum or difference, as the cafe is, will give 
the quantity of the angle BAG. 

^th. By Meafurement ivitb the Chaln^ Mea- 

fiirc one chain length, or any other length, along botli 
diicdions, as to b and c. Then mealure the diffaHcc 
b c, and it is done. — This is cafily transferred to 
paper, by making a triangle Abe with tliefe three 
lengths, and then meafuring the angle A as in Pra^i- 
cal Geometry. 


6. 7 o Meafure the OJ[sets^ 

A h i k 1 m n being a crooked hedge, or river, &c* 
From A meafure in a flraight direftion along tlie fide 
of it to B. And in meafuring along this line AB 
obferve when you are diredly oppofite any bends or 
corners of the hedge, as at c d, e, &c ; and from 
thence meafure the perpendicular offsets, ch, di, 
&c, with the ofFset«ffaff, if they are not very large, 
otherwife with the chain itfelf ; and the work is 
done. And the regifler, or field-book, may be as 
follows : 


Offs. left. 

BafclineAB 

0 

ch 63 
di 84 
ek 70 
f 1 . 98 
pm 57 
j B n 91 

© A 

45 Ac 
320 Ad 
340 Ac 
510 Af 

‘g i .1 



Or, meafure all the three fidcs with the chain, and 
note them down. ^ From which the conteht is caijiy 
found, or the figure conllruAcd. 

td» By taking one or more of the Artgleu 

Meafure two fides AB, AC, and the angle A between 
them. Or mcafuic ont fide AB, and the two adjacent 
angles A and B. From tliher of thefc ways the figure 
is cafdy planned : then by meafuring the perpendicular 
CB on the plan, and multiplying It by half AD, ytfx 
have the content. 


8. To meafure a Four-ftded Field, 
ijl. By the Chain. 

n 

AF 214 1 2 10 DE 

AF 262 306 BF 

AC Uz 1 

b 

Meafure along Litherof the diagonals, as AC ; and 
cithei the two pei pcndiculars DE, BF, aa in the h ft 
problem ; or clfe tlic fidcs A 15 , BC, CP, DA. Frpm 
cither of ivliich the figure may be planned and com- 
puted as before dircAcd. ' 



AP no 
AQ^ 74 
AB 1110 


Othiriuife hy the Chain. 


3,-2 i*c 

595 <^r) 



Meafure on tbc lon^eft fide, the diftanccs AP, 
AB j and the perpendiculars PC, QD. 

zd. By tnhing one or more of the Angles* 


7. To Survey a triangular Field ABC. 
jf. By the Chain, 


Meafure the diagonal AC (fee the firft fig. above), 
and the angles CAB. CAD, ACB, ACD.— Or mca- 
furc the four fidcs, and any one of the angles as BAD, 


C 

AP 794 
AB i^2X 
PC «26 


Having fet up marks at the comers, which is to be 
done in au cafes where there are not marks naturally < 
mcafnVe with the chain from A to P, where a perpendi- 
cular would fall from the angle C, and there meafure 
from Pt6"C ; then complcfte the diffance AB by mca* 
furing from P tb B } fettitjg down each of theie mea- 
fufed diftattces. And thus, having the b^fc and per- 
pmdic^lar, the atta from them is eafily found. Or 
the place P of the pcrpendiculari the triangle is 
«afily conftrugted. 

Vot. II. 



Thus 
AC 591 
CAB 37°2o' 
CAD 41 15 
ACB 72 25 
ACD 54 40 


Or thus 
AB 486 
BC 394 
CD 4*0 
DA 461 
BAD 78*^35' 


9. To Survey any Field hy the Chain only. 

Having fet up marks at the corners, whci|c befceflary, 
of the propofed field ABODEFG. Wdfc oeer tb/; 
ground, and confidcr how it can beft bV divided into 
triangles and trape/.iums j and meafure theca fepayati^y' 
as in the laft two problems. And in this way it wiu 
be proper to divide it into as few feparate triangles, 
and as many trapclziumi as may be, by drawing diago- 
4 A nals 
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naif from comer to corner : and fo, as that all the per- 
jlcndicularp may fall within the figure, Thua, the follow- 
ing ^urc is divided into the two trapeziums ABCG> 
GDEF, and the triangle GCD. Then, in thefirft, be- 
ginning at A, mcal’ure the diagonal AC» and the two 
perpendiculars Gin, Bn, Then the bafe GC and the 
perpendicular Dq. Lallly the diagonal DF, anS the two 
perpendiculars pE, oG. All which mcafurcs write 
againft the correfponding parts of a rough figure 
drawn to refemble the figure to be furveyed, or fet 
them down in any other foim you choofe. 


Am 

^35 

130 

raO 

An 

410 

180 

nB 

Ac 

550 



c7 

* 5 * 

230 


CG 

440 



FO 

206 

120 

oO 

FP 

288 

80 

pE 

FD 

5.20 



B 



Mcafurc all the fidcs AB,BC, CD, DE, EF, FG> 
and GA ; and the diagonals AC, CG, GD, DF, 


XO, TV Surviy any Field with the Plain Tahh^ 
ijl* From one Staiion* 


Rant the table at any 
angle, as C, from whence 
all the other angles, or 
marks fet up, can be feen ; 
and turn the tabic about 
till the needle point to the 
flower-de-luce : and there 
fciew it fall. Make a point 
for C on the paper on the 
table, and lay the edge of 
the index to C, turning it 
about there till through the fights you fee the mark D ; 
and by the edge of the index draw a dry or ohicuic 
line : then mealure the dillance CD, and lay that dis- 
tance down on the line CD. Then turn the index about 
the point C, till the mark E be feen through the fight?, 
by which draw aline, and meafure the dillance Ui li, 
laying it on the line fiom C to E. In like manner deter- 
mine the pofitions ofCA and CB, by turning the ^light* 
fucceflively to A and B ; and lay the Icngtlis of thofe 
lines down. Then conneft the points with the boun- 
daries of the field, by diawing the black lines CDjDE^ 

EA, AB, BC, 


D 



id. From a Station within the FieltL. 


Otberwifiy 

Many pieces of land may he very w'ell furveyed, by 
meafurlng any bafe line, either within or without them, 
together with the perpendiculars let fall upon it from 
every corner of them. For they are by thefe means 
divided into fcveral triangles and trapezoids, all whofe 
parallel fides are perpendicular to the b^fe line ; and 
the film of thefe triangles and trapeziums will be 
equal to the figure propofed if the bafe line fall with- 
in it ; if not, the fum of the parts which are without 
being taken from the fum of the whole which are botli 
within aqd without, will leave the area of the figure 
propofed. 

In pieces that are not very large, it will be fufficient- 

cxaA to find the points, in the bafe line, where the 
(everal perpendiculars will fall, by means of the crofsy. 
and from thence mcafuring to the corners for the lengths 
of the perpendiculars.— And it will be moft convenient 
to draw the line.fo as that all the perpendiculars may 
fall within the figure. 

Thus, in the following figure, beginning at A, and 
meafuring along the line AG, the diflances and perpen- 
diculars, on the right and left, ate as bclow-^ 


Ab 515 

Ac 440 

Ad 5»5 
Ae 610 
Af 990 
AG 1020 


350 bH 
70 cC 
320 
SO eE 
470 fF 
0 



When all the other parts 
cannot be feen from one 
angle, choole fome place O 
within ; or even without. 

If more convenient, from 
whence the other parts can 
be feen. Plant the table 
at 0, then fix it with the 
needle north, and mark 
the point O upon it. Apply 
the index fucceflively to O, 
tuining it round with the 

fights to each angle A, B. C, D, E, drawing dry I'nr- 
to them by the edge of the index, then mcafuring tf.*-' 
diftance&OA, OB,. &c, and laying them down upon 
thofe lines. Laftly draw the boundaries AB, BC , CD, 
DE, EA. 



34/, By going round the Figure,. 

When the figure is a wood or water, or from fome 
other obitruflion you cannot mcafuFC lines acrofs it ^ 
begin at any point A, and meafure round it, 
within or without the figure, and draw the diredion? 
of aU the fidCs thus ; Plant the table at A, turn it with 
the needle to the north or. flower-de-luce, fix it and 
mark the point A. Apply the index to A, turning it 
till you can fee the point E,. there draw a^llnc; 
then the point B, and there draw a line : then 
thefe lines, and lay them down from A to E and I3* 
Next move the table to B> lay the index along the fine 
AB, andturn the table about till you can fee the mar 
A, and ferewfaft the table; in whi|cli ponoon alfo toe 
needle will again point to the flowcr-^ducc, as it. wi 
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do indeed at every* ftation when the table is in the right 
pofition. Here turn the index about B till through the 
fights you fee the mark C ; there draw a line, mca- 
fare BC, and lay the diftance upon that line after you 
have fet down the tabic at C. Turn it then again into 
its proper pofition, and in like manner find the next 
line CD. And fo on quite round by E to A again. 
Then the proof of the woik will be the joining at A : 
for if the work Is all light, the iafl: direftion EA on the 
ground, will pafs exaitly ihrough the point A on tlio 
paper ; and the meafured difiance will alfo reach ex:i(f\ly 
to A. If thefc do not coincide, or nearly fo, fomo 
error has been committed, and the work mull be ex- 
amined over again. 

II. To Survfy a Field 'ivith the TheodoUtCy 
\Jl, Fi^om ope Point or Station, 

When all the angles can be feen from one point, as 
theangleC (lall fig. but one), place the infirument at C, 
.nnd turn it about till, through the fixed fights, you fee 
the mark B, and there fix it. Then turn the moveable 
index about till the mark A fs feen through the fights, 
nnd note the degrees cut on the infirument. Next turn 
the index fucccfiively to E and D, noting the degrees 
cut off at each ; which gives all the angles BCA, BCF, 
JjCD. I.afily, meafurc the lines CB, CA, CE, CD ; 
ami enter the meafures in a. field-book, or rather againll 
ilie correfponding parts of a rough figure drawn by 
guefs to refcmble the field. 

id. From a Point within or without. 


Plant the infirument at O, (laft fig. ) and turn it about 
till the fixed fights point to any object, as A ; and there 
frrew it faft. Then turn the moveable index round 
till the fights point fuccelfively to the other points 
E, D, C, B, noting the degrees cut off at each of 
them ; w'hich gives all the angles round the point O. 
Lallly, meafurc the diftances OA, OB, OC, OD, 
UK, noting them down as before, and the work is done. 


3^/, By going round the Field, 


By mcafuring round, 
either wltliin or without 
the field, proceed thus. 

Having fet up marks at 
B,C, &c. near the corners 
a:, ufual, plant the inftru- 
incrit at any point A, 
and turn it till the fixed 
index be in the diredion 
A B, and there ferew it faft: 
then turn the moveable index to the dIrcAion AF ; and 
the degrees cut off will be the angle A. Meafurc the 
hne AB, and plant the infirument at B, and there in 
the fame manner obferve the angle A. Then meafurc 
Be, and obferve the angle C. Then meafure the dif- 
tance CD, and take the angle D. Then meafurc DE, 
s*nd take the angle E. Then meafure EF, and take 
the angle F. And laftly meafure the diftance FA. 

To prove the work ; add all the inward angles, 
B, C, hcy together, and when the work is right, 
their funn will be equal to twice as many right angles as 
the figure has fides^ wanting 4 right angles. And 
^'heu there is an angle, as F, that benda inwards, and 



you meafure the external angle, which is lefs than two 
right angles, fubtrad it from 4 right angles, or 360 
degrees, to give the internal angle greater than a femi- 
circle or l 3 o degiecs. 

Otherwife, lufiead of obferving the internal angles, 
you may take tlie external angles, formed without the 
figure hy pioducing the fidcs further out. And in 
this cafe, when tlic woik Is riglu, their fum altogether 
w’ill be ccjual to 360 degrees. But when one of them, 
as F, rims inwaidi., fubtrad it from the fum of the 
refi, to leave 360 degrees. 

12. To Survey a Field with crooled Hedgesy ^c, 

AVith any of the Infirumcnts menfure the lengths 
and pofitioiis of iinagin.iiy liius miming as near the 
fidcs of tliclicld as you can ; and in going along them 
nicafmv tlic ofiset? in the manner before taught ; and 
you will have tin- plan on the paper In ufing the plain 
table, drawing tiie ciookcd hedges rlirougli tlie ends of 
the ofis«.ts ; but in lurveying with the theodolite, or 
other inlhmncnt, let down the mcnfiircs properly in a 
field-book, or memoiimdiim-book, and plan them after 
returning fiom the liJJ, byl,i)ing down all tlie lines 
and angles. 



So, in fiirveying the piece ABCDE, fet up marks 
a, b, 0 d, dividing it into as few fidcs as may be. 
Then l)egin at any fiation a, and meafure the lines ab, 
be, cd, da, and take tlieir pofitions, or the angles a, 
h, c, d j and in going along the lines meafure all* the 
olEeis, as at ra, n, o, p, &c, along every llation line. 

And this is done either within the field, or without, 
as may be nioft convenient. When there arc obftruc- 
tions within, as wmod, water, hills^ &c; then inea- 
fuic without, as in the figure here below. 
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, 13 . 71^ Survey a Field or any other Things hyTvxi Sta- 
tions* 

Tina is performed by choofing two (lations, from 
whence all the marks and objefls can be feen, then 
tneafuring the dilhnce between the ftations, and at 
each Nation taking the angles formed by every obje(f^, 
from the (lation line or diftance. 

The two nations may be taken either within the 
bounds, or in one of the Tides, or in the dire£fion of 
two of the objoils, or quite at a didance, and without 
theboimds of the objefts, or part to be fuivcyed. 

In this manner, not only grounds may be furveyed, 
without even entering them, but a map may be taken 
of the principal paits of a country, or the chief places 
of a town, or any part of a river or coall furveyed, or 
any other inaccclTible objects ; by taking tw'o llations, 
on two towTrs, or two hills, or fuch like. 


B 



When the plain table is ufed ; plant It at one ftation 
jn, draw aline m n on it, along which lay the edgeot 
the index, and turn the table about till the fights point 
diredfly to the other ftation ; and there ferew it faft. 
"l^hen turn the fights round rti fucceflively to aiy^e ob- 
jeiSls ABC, See, drawing a dry line by the edge of the 
index at each, as niA, niB, niC, &c. Then raeafure 
the dirtance to the other ftation, there plant the table,, 
and lay that diftance down on the ftation line from mto 
n. Next lay the index by the line nm, and turn the 
tiiblc about till the fights point to the other ftation m, 
and there ferew it falU Then dired the fights fnccef- 
iively to all the objtfts A, B, C, &c, as before, draw- 
ing lines each time, as nA, nB, nC, &c i and their in- 
tcrledum with the former lines will give the places of all 
the objefts, or corners, A, B, C, &c. 

When the theodolite, or any other Inftruinent for 
taking angles, is ufed ; proceed in the fame way, 
mcafuring the ftation diftance mn, planting the in- 
ftrtimentfirft at one ftation, and then at another ; then 
placing the fixed fights in the dlreftion mn, anddired- 
i^g the moveable fights to every obje£l, noting the de- 
grees cut off at each time. Then, thefe oblcrvations 
being planned, the interfeftions of the lines will give 
the objefts as before* 

When all the objef^s, to be furreyed, cannot be fren 
Irom two ftations ; then three ftations may be ufed, or 
fouTi or M many as is neceffary \ meafuring always 


the diftance from one ftation to another ; placing the in^ 
ftrument in the fame pofition at every ftation, by means 
deferibed before ; and from each ftation obferving or 
fetting every objed tliat can be feen from it, by ta&ng 
its diiedion or angular pofition, till every objed be de- 
termined by the interfedion of two or more lines of dl- 
rtdion, the more the better. And thus may very cxteii- 
fivc furveys be taken, as of large commons, rivers, cualh, 
countries, hilly grounds, and fuch like. 

1 4, To Survey a Large EJlate* 

If the eftate be very large, and cpntain a great num- 
ber of fields, it cannot w'ell be done by furveying all the 
fields fmgly, and then putting them together ; nor Ctur 
it be done by taking all the angles and boundaries that 
inclofe it. For in thefe cafes, any fmdll errors will U- 
fo multiplied, as to render it veiy much diftui ted. 

I ft. Walk over the clUte two or three times, in (-rder 
to get a pci'fc<^t idea of It, and till you can cany the* 
map of it tolerably In your head. And to help yoiii 
memory, draw an eye dtanglit of it on paper, or at 
leaft, of the principal parts of it, to guide* yotj. 

2d. Choofetwo or moie eminent places in the* tllatc, 
for yonr ftations, from whence you can fee <ill the 
principal paits of it: and let thefe ftations be as fii (ill- 
taut from one another as poftiblc ; as the fewer ftation . 
you have to command tlte whole, the* more exact )our 
work will be: and they wdl be fitter for your purj)ori, 
if thefe ftation linenbe lu or near the Ujundai ics of the 
ground, and cfpceially if two or more lines proceed 
Irom one ftation 

3d. Take angle’s, between the ftations, fuch as you 
think neceflar) , and meafurc the (liftance ‘5 from ftation 
to ftation, always in a light line : tlielc things mn!i b^* 
(lone, till you g«t as many angles and lines ns me fiifl's 
dent foi dcieri.iining all yom pihnii, ot Ihitlm. And 
in meafuring anv of thefe ftation dillances, rank .n - 
curatedy where ihefc hues meet with any huigv:, 
ditches, roads, lu cs, jialhs, rivulets, ('ud wh-.u- 

any remarkable* is placed, by mcnlui ng 

diftance fnuu the ftation line, and when. ,1 pupMV 
dicular fi*oui U cuts that I uc ; and always nu.iu, in 
any of thefe obfcrvatlons, that you be in a light line, 
which you will know by taking baekfight .md fmelight, 
along your (latioa line. And thus as you go alonx 
any main ftation line, t:ike offsets to the -encls ot 
hedges, and to any pond, lioufe, mill, bridge, <S:e, 
omitting nothing that is remarkable. And ail thde 
things muft be noted down j for thefe arc your data, 
by which the places of fuch objeds are to be detei- 
mined upon your plan. And be lure to fet marks up 
at the interfedions of all hedges with the ftation line, 
that you may know where to mcafure from, when you 
come to furvey tlicfc particul;« fields, which muft im- 
mediately be done, as foon as you have meafured tlr.t 
ftation line, wl^illt they are frefh in memory. In thi^- 
way all youJiRtion lines are to be mcafurtd, and the 
fituation of all places adjoining to them determined, 
which 18 the firft grand point tty be obtained. It wih 
be proper for you to lay down your work upon paper 
every night,, when you go home, that you may fee how; 
you go on, 

4th, A# tathc inner pvt# of the cftaU> they muft h<^ 

' deter* 
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dctcrtnindi in like manner, by new ftation lines : for, 
after the main lUtions are determined, and cveiy thing 
adjoining to them, then the elhte muft be lubdivided 
into two or three parts by new ftation lines ; taking 
inner ftations at proper places, where you can have the 
hell view, Mealure thefe ftation lines as you did the 
firft, and all their interfcflions with hedges, and all 
offsets to fuch objedft as appear. Then you may pro- 
ceed to furvey the aLjoniing tidds, by taking the an- 
gles that tin; Tides make u ith the ftation line, at »hc 
intcifedions^ and meafuriiig the diftances to each cor- 
^ ner, from the intcrfediona. For every ftation line will 
be a bafis to all the future opeiatious; the lituation of 
all pans bang entiidy dependant upon them; and 
tbcierore they Ihoiild be taken ot as great a length as 
poffihle ; and It is heft for them to run along fume of 
the hedges or boundaiies of one or more fields, 01 to 
pafs through fume of their angles. All things being de- 
tcirnineil for tliefe ftations, you inuft take more inner 
ones, and fo continue to divide and Cubdivide, till at laft 
you come to Tingle fields; repeating tiie fame work for 
the inner ftations, as tor the outer ones, till all be done : 
and clofe the work as often as you can, and in ns fevv 
lines as pofiible. And tliat you may choofc ftations ilie 
moll conveniently, fo as tu caufe the leaft labour, let 
the llalion lines 1 tin as far as you can along foine hedges, 
and through as many corners of the fields, and other 
remaikable points, as you can. And take notice how 
one field lies by another j that you may not mifplacc 
them in the draught. 

5th. An ellate may be fo fituated, that the wliole can- 
rot be fitrveycd together; becaufe one part of the 
ellate cannot be feen from another; In this cafe, 
}oii may divide it into three or four parts, and furvey 
the parts fepnrately, as if they were l^nds belongingto 
different peifons; and at laft join them together. 

f th. As it is nccelfary to protradl or lay down your 
work as yon proceed in it, you muft have a fcalc of a 
due length to do it by. To get fuch ajfcale, you mull 
jnealiirc the whole length of the eftate in chains ; tlien 
you muftconfidcr how many inches in length the map is 
io be ; and from thefe you will know how many chains 
>ou muft have in an inch; then make your Icale, or 
choofe one already made, accordingly. 

ytl*. I'lie trees in every hedge row muft be placed in 
their proper fituation, which i# foon done by the plain 
table ; but may be done by the eye without an inftru- 
nient ; and being thus taken by guefs, in a rough 
draught, they vill be cxacl enough, being only to look 
at ; except it be fuch as are at any remarkable places, 
as at the ends of hedges, at ftiles, gates, See, and thefe 
mutt be meafured. But all this need not be done till 
the draught is finilhed. And obferve in all the hedges, 
what fide the gutter or ditch is on, and confequently to 
whom the fences belong, 

8tlj. When you have long ttations, you ought to have 
a good inftrument to take angles with ; and the plain ta- 
ble may very properly be made ufc of, to'takc the fe- 
deral (mail internal parts, and fuch a* cannot be taken 
^om the main ttations, at U ia a very quick and ready 
inllrument. 

15. Igttead of the foregoing method, an ingcaious 
friend (Mr. Abraham Crocker), after mentioning the 
lew and improved method of keeping the tteld book by 


writing from bottom to top of the pages, obfemi that 
“ In the former ^nctliocl of rncafuriug a large eftate, the 
accuracy of it depends on the corrcfflnefs of tlie inftru- 
ments uffd in taking the angles^ To avoid the errors 
incident to liicli a mulL.'tirde ©f angles, other methods 
have of late ).ais been iilcd bv lome few fkilTul furvey- 
ors ; tlie mull pravHical, expeditious, and coirc6d, feems 
to be the following. 

“ w.is adviled In t!ic foregoing method, fo in 
this, cli-'ore two or more eminences, as grand ftations, 
and nuafure a principal bale line fiami one ftation to the 
other, noting ever\ lied.;e, broe.k, 01 other remarkable 
ohjed as you pifs by it ; ineafuiing alf) Inch (hoi t per- 
peiulicnlrir lii es to Inch bends of hedges may be near 
at hr ul. Ficin the e\trcitiil n s uf this bafe line, or 
from any r('ii\ciilent paits of the fame, go off with 
olhci lines to fume leinaikalilc i)bje'‘l liluatcd towaids 
the l‘des of the c'httr*, n-ahuut iM;.uding the angles 
they nnke with the bah line or Wit'i one another ; ftill 
rcincin! aing fo not ■ cvety I'.tdgc, biook 01 other ohje< 5 l 
tliityou pafs by. Th.dt lines, wIku laid down by in- 
teiledioiH, wall vvilli the bale line fuini a grand tiianglc 
upon the ellate ; fcvniil of wlnb h, if need be, biing 
thus laid down, you m ly piocecd to form other finaller 
triangles an<l tiapezoi(F on the (ides of tlie- foimer : and 
fo on, until you finifh willi the cnclofiires indivi- 
dually. 

Fo illuftratc this excellent method, let us take AB 
(in the plan of an eftate, fig. 1, pi. 28) for the princi- 
pal bafe line. From B go off to the tree at C ; noting 
dowm, in the field-book, every crofs hedge, as you 
meafmeoii; and from C mealure back to the firll lla- 
tion at A, noting down every thing as before di- 
rected. 

“ dffn's grand triangle being completed, and laid 
down on the rough plan paper, tlie parts, exterior a© 
w'eli as interior, arc to be completed by fmallcr triangles 
and trapezoids. 

When the whole plan is laid down on paper, the 
contents of each field might be calculated by tlic me- 
thods laid down below, at article 20, 

“ In countries where the lauds are enclofcd with high 
hedges, and where ninny laner, pafs through an eftate, a 
theodolite may be ufed to advantage, In nicafuring the 
angles of Inch lands ; by which means, a kind of ikclc- 
ton of the eftate may be obtained, and the lane-line© 
fe; ve as the bdfes of Inch triangles and trapezoids as are 
ncceffaiy to fill up the interior parts.” 

The method of meafuring tlic other crofs lines, off- 
fets and interior parts and cnclofurcs, appears in the 
plan, fig, I, laft referred to. 

16. Another ingenious correfpondent (Mr. John 
Rodham of Richmond, Yarkftn’re) has alio commu- 
nicuted the following example of tlie new method of 
fuivcying, accompanied by the field-book, and it© 
correfponding plan. His account of the method is as 
follows. 

The field-book is ruled into three columns. In the 
middle one are fet down the difhinccs on the chain line 
at which any mark, offset, or other obfervation is made; 
and in the right and left hand columns are entered, the 
offsets and obfervations made on the right and left hand 
refpedfivtiy of the chain line. 

it is of great advantage,, both foiP brevity and per- 

ipicuity. 
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fl’Icuity, to begin at the bottom of the leaf and write 
upwards j denoting the crofling of fences, by lines 
drawn acrofs the middle column, or only a part of fuch 
a line on the right and left oppofite the figures, to avoid 
eonfufion, and the corness of fields, and other remark- 
able turns bi tlie fences whore offsets are taken to, by 
lines joining in the manner the fences do, as will be 
bell feen by comparing the book with the plan annexed, 
%. 2, pi. 28. 

The marks calkd, /;, r, &c, are bell made in the 
field'<, by making a fmall hole with a fpadc, and a chip 
or finullbit of wood, will) the paiiicular letter upon it, 
may be put in, to prevent one mark being taken for 
another, »'n aliy return to it. But in general, the name 
of a mark is very eafily had by referring in the book to 
liie line it was made in. Alter the fmall alphabet is 
gone tliiough, the capitals may be next, the print Ict- 
teis afterwaids, and fo on, which anfwer the purpofe 
of fo many difierent letters ; or the marks may be num- 
bered. 

The letter in the left hand corner at the beginning of 
every line, is the mark or place meafiired from / and, 
that at the tight hand corner at the end, is the mark 
meafured to : But when it is not convenient to go ex- 
adly from a mark, the place raeafured from, is de- 
fcrlbed fuch a dtjlance from one mark towards another ; 
and where a mark is not mtafured to, the exa£l place is 
afeertained by fa)ing, turn to the right or left hand, 
fuch a Sjlanct to fuch a mark^ it being alw'aya under- 
ilood that thofe dlflances are taken in the chain line. 

The charailers ufed, are P for turn to the right 
hand^ n for tut n to the left hand, and a placed over 
an offset, to (hew that It is not taken at right angles 
with the chain line, but in the line with fome flraight 
fttice ; being chiefly ufed when crofling their directions, 
and is a better w'ay of obtaining their true places than 
by offsets at right angles. 

When a line is meafured whofe pofition is deter- 
mined, eiiher by former w^ork (as in the cafe of pro- 
ilueing a given line or mcafining from one known place 
or maik to another 1 or by itfclf (as in the third fide of 
a triangle) it is called a fiji liney and a double line 
acrofs the book is drawn at the conclufion of it ; but if 
its pofition is not determined (as in the fecund fide of a 
triangle) it is called a loofe line, and afinglcline is drawn 
acrofs the book. When a line becomes determined in 
ofition, and is afterwards continued, a double line 
alf thiough the book is drawn. 

When a loofe line is meafured, it becomes abfolutely 
neceffary to meafurc foinc line that will determine its 
pofuion. Thus, the firfl line being the bafe of a 
triangle, is always deterotined ; but the pofition of the 
fecond fide /y, docs not become determined, till the 
third Is meafured; then the triangle maybe con- 
flrufteJ, and the pofition of both is determined. 

At the beginning of a line, to fix a loofc< line to the 
mark or place meafured from, the fign of turning to 
the right or left hand mull be added (as at j in the 
third line) ; otherwife a ftrangcr, wlien laying down 
the work may ascafily conftrud thetiiangle hjb on the 
WTOrtg fide of the line ah, as on the ri^t one ; but 
this error cannot be fallen into, if ^he fign above named 
be carefiiUv cbferved. 

In choofing a line to fix a loofe one, care muff be 


taken that it doies not make a very acute or obtufe an- 
gle ; as in the triangle /Br, by the angle at B being 
very obtufe, a , fmall deviation from truth, even the 
breadth of a point at /or r, would make the error at B 
when conftru^led very confiderable ; but by conftrnft- 
ing the triangle / By, fuch a deviation is of no confe- 
(|uence. 

Wheicthe words leave off are wiitten in the field- 
book, it is to fignify that the taking of offsets is from 
thence difcontiiuied; and of courfe fomething is want- 
ing between that and the next offset. 

The field-book above referred to, is engraved on 
plate 29, in parts, reprtfenting fo many pages, each of 
which is fuppofed to b' gin at the bottom, and end at 
top. And the map or plan belonging to it, in fig. 2, 
pi. 28. 

17. To Survey a County ^ or Large TraS of Land, 

iff. Choofe two, three, or four eminent places foi 
ffations ; fuch as the tops of high hills or mountains, 
towers, or church lleeples, winch may be fecii from 
one another ; and from which moff of the towns, ami 
other places of note, may alfo be feen. And let them 
be as far dillant from one another as pcfiible. Upon 
thefe place raife beacons, or long poUs, with flags of 
dilfeientcolours flying at them ; fo as to be viiiblefiom 
all the other ffations, 

2d. At all the places, which you w'ould fet down in 
the map, plant lojig poles with flags at them of fevcral 
colours, to dlllinguifh the places from one another ; 
fixing them upon the tops of church lleeples, 01 the 
tops of houfes, or in the centres of leffer towns. 

But you need not have thefe marks at many place-^ at 
once, asfuppofe half a fcore at a time. For when 
angles have been taken, at the two ffations, to all 
thefe places, the marks may be moved to new oius; 
and fo fucceffivcly to all the places you. want, I’heir 
marks then being fet up at a convenient number ol 
places, and fuch as may be feen from both ffations ; 
go to one of thefe ffations, and with an inllrumtiU to 
take angles, Handing at that ffation, take all the angles 
between the other ffation, and each of thefe maikb, 
obferving which is blue, which red, &c, and whith 
hand they lie on ; and fet all down with their ccloins. 
Then go to the other llfction, and take all the angles 
between thefirft ffation, and each of the former marks, 
and fet them down with the others, each againff his 
fellow with the fame colour. You may, if you can, 
alfo take the angles at fome third ffation, which may 
ferve to prove the work, if the three lines intcrfedl m 
that point, where any mark ffands. The marks muff 
Hand till the obfervations arc fmiffied at both ffations ; 
and then they muff be taken down, and fet up at frefh 
places. And the fame opeiations muff be performed, 
at both ffations, for thefe frefh places ; and the like 
for otfiers Your inlli ument for taking angles muff he 
an exceeding good one, made on purpofe with tcle- 
fcopic fights ; and of thrte, fout, or nve feet radius. 
A circumferentor is reckoned a good inftrument for thu 
purpofe. 

And though it not abfolutely neceffary to 

i^Kafwre, any diftance* becaufe a ffationary line being 
bid down from any fcale, all the other fines w»U he 

pioportional 
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proportional to it j jr« it is better to meafure fome of 
the lines, to afeertam the dillances of place*? In miles ; 
and to know how many geometrical miles there are in 
any length ; and from thence to make a fcale to mea- 
fure any diftance in miles. In meafnring any dift:ince, 
it will not be exa6l enough to go along the high roads ; 
by leafon of their turnings and windings, and hardly 
ever lying in a right line between the llations, whicfi 
would caiife endlefs reduAiops, and create trouble 
to make it a right line } for which reafon it can ne- 
ver be exad. But a better way is to meafure in a right 
line with a chain, between ftation and Nation, over 
hills and dales or level fields, and all obfiaclcs. Only in 
cafe of water, woods, towns, rock*?, bank*, where 
one cannot pa fs, fuch parts of the line muft be meafured 
by the methods of inacccflihlc difianccs; and hefides, 
allowing for afeents and defeeuts, when we meet witli 
them. And a good compdfs that fhews the beaung of 
the two nations, will always diredi you to go ftiaight, 
when you do not fee the two ftations ; and in your pro- 
grtfs, it you can go ftiaight, you may take ofl’sets to 
any reinaikable places, likewile noting the interfc^lion 
of the ftdtionary line with all roads, rivers, &c. 

4tli. And from all the ftations. and in ih< whole pro- 
giefs, be veiy particular in obferving fea coafts, river 
mouths, towns, caftks, houfos, churches, windmills, 
watermills, trees, rocks, faiide, roads, bridges, fords, 
ferries, woods, hills, mountains, rills, brooks, parks, 
beacons, fluices, floodgates, locks, 6 cc ; and in general 
all things that arc remarkable. 

5th. After you have done with the firft and main 
ftation lines, which command the whole county ; you 
muft then take inner ftations, at fomc places already 
determined ; vvliich will divide the whole into fevcral 
paititions ; and from thefe ftations yotj muft determine 
the places of as many of the remaining towns as you 
can. And if any remain in that part, you muft take 
more ftations, at feme places already determined ; 
from which you may determine the reft. And thus 
proceed through all tlic parts of the counti7, taking 
ftation after ftation, tilLwc have determined all we want. 
And in general the ftation dillances muft always pafs 
through fuch remarkable points as have been determined 
before, by the former ftattons.^ 

6th. Laftly, thepofition of the ftation line you- mca- 
furc, or the point of the compaft it lies On, muft be de- 
termined by aftronomical obfervation. Hang up a 
thread and plummet in the fun, over fo'mc part of the 
ftation line, and obferve when the lhadow runs along 
that line, and at that moment take the fun’s altitude ; 
then having his declination, and the latitude, the 
azimuth will be found by fpherical trigonometry. 
And the azimuth is the angle the^ ftation line makes 
''^ith the meridian ; and therefore a meridian may cafily 
he drawn through the map : Or a meridian may be 
drawn through it by hanging up two threads in a 
line with the pole flbr, when he is juft north, which 
^ay be known from aftronomical tables. Or thus ; 
obferve the ftar Alioth, or that in the rump of the 
great bwr, beinjg that next the fquarc ; or clfe Caflio- 
pcia^s hip f I fay. obferve by a line and plummet when 
^iher of thefe ftaw and the pole ftar come into a per- 
pendicnlar • and at that time they are due north* There* 


fore two p^*rpendicnl.ir lines being fixed at that mo- 
ment, t«wn»ds thefe two ftars, will give the pofition 
of the meridian, 

18. To Survey a Tow ft or City, 

This may he done with any of the inftruments for 
taking anglts, hut heft of all with the plain table, where 
every m: mte parr is drawn while in fight. It Is proper 
alio to have a clnin of 50 feet long, divided into 50 
links, and an oftset-rtaff of 10 feet lung. 

Begin at tfie meeting of two or more of the princi- 
pal ftitets, throi’gh wliicli you can have the fongefl: 
profpe(^1tK, to get the longeft ftation lines, 'riierc 
liaviii;*; fived the Inllruineiu, draw lines of direction 
along tliole llrcets, nfing two men as marks, or polea 
fet m wooden pedclla],^?, or perhaps fome remarkable 
places in the honfea at the faither ends, as windows, 
door.a, corncis, &c. Meafure thefe lines with the 
chain, raking oftkta with the ftaff, at all corners of 
lliccts, bendings, or windings, and to all remarkable 
thing*!, as churches, markets, halls, colleges, eminent 
houfes, &e. Then remove the inllniment to another 
ftation along one of thele lines ; and there repeat the 
fame procefs as before. And fo- on till the whole is ft* 
nifticd. 



Thus, fix the inftrumentat A, and draw lines in the. 
direflion of all the ftrects meeting there ; and meafure 
AB, noting the ftreet on the left at m. At the ftcoiid- 
ftation B, draw the diredlions of the ftrccts meeting, 
there ; meafure from B to C, noting the places of the 
ftreets at n and 0 as you pafs by them. At the 3d fta- 
tion C, take the diredlion of all tJic ftrccts meeting, 
there, and meafure CD. At D do the fame, andmea- 
furc DE, noting the place of the crofs ftreets at p. 
And in this manner go through all the principal ftrects. 
This done, proceed to the fmaller and intermediate 
ftrects j and laftly to the lants, alleys, courts, yards,, 
and every part that it maybe thought proper to re* 
prefent* 

T ^ ^ 

0 / planning f Computings and Dividing,. 

19. To Lay down the Plan of any purvey ^ ' 

If the fun’cy wis taken with a plain table, you have 
a^roHghpla»of it already on the paper which covered 1 

tlic- 
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Bujt if ^|ie furvey W49.wtth any other ia> 
Urnmcni, a {;ilan ef it U to be,,4ifayfn from the mcafurcs 
that wertf taken in the furvey, and firft of ali a rough 
jtlan upon paper. 

To do thisi you muft hayc a fet of proper inftru- 
ment8> for laying down both lines and angles, &c ; as 
fcales of various hices) the more of them, and the more 
accurate, the better ; fcule^ of chords, protradojs, per- 
pendicular and parallel rulers, &c. Diagonal fcalesare 
bed forthe lines, becaufethey extend to three figures, 
or chains and links, which arc hunch'edth parts of 
chains. And in ufing the diagonal fcalc,’ a pau- of com- 
paffes mud be employed to take off the lengths of the 
principal lines very accurately. But- a fcale with a 
thin edge divided, is much readier for laying down the 
perpendicular ofi’sets to crooked hedges, and for mark- 
ing the places of thofc oftets upon the ftatlon line ; 
whicli is done at only one application of the edge of the 
fcale to that line, and then pricking off all at once tlie 
diftances ^ong it. Angles arc to be laid down cither 
^with a good fcale of chords, which is perhaps the mod 
accurate way i or with a large protractor, which is 
much readier when many angles are to be laid down at 
one point, as they arc pricked off all at once round the 
edge of the protraftor. . . 

Very particular dircAIons for laying down alf forti 
of figures cannot be neceflary in this place, to any 
perfon who has learned pradicaf geometry, or tlie 
condrudion of figures, and the ufc of his indruments. 
It rhay therefore be fufficient to obferve, that all lines 
and angles mud be laid down on the plan in the fame 
order in which they were meafured in the field, and 
in which they are written in the field-book ; laying 
doWn fird-the angles for the pofitioa of lines, then the- 
• lengths of the lines, with the placed of the offsets, and 
then the lengths of the offsets themfelves, all with dry 
or obfeure lines ; jhen a blajck line drawn through 
the extremities of all the offsets, will be the hedge or 
bounding line of the field, After the principal 
bounds and lines are laid ddyro, and made To fit or 
clofe properly, proceed next ' to the fmaller objects, 
till you have entered every thing that ought to appear in 
the plan, as houfcB,^ brooks, trees, hills, gates, ftiles, 
roads, lanes, rtlllls, bridges, Woodlands, dec. 

The hdtthfid'c of a ^ap t^^plan Is commonly pW 4 
uppermod, and a rtcridtah fomcwhcrc dra\y^,‘ with the 
compafs or fiowcr-dc-hice poinllog norths Alfo, id a, 
vacant phee, a fdale e^Ual parts or chains is dmwnV 
aiud the title of the mip confpicuous chil,raldcr»,.an4' 
embellilhed with a All hifll muH/ 

iluidowed, to difUhgi^ihVhem in the^feiap,^' Cofedr'^bc 
bed^ With ‘ different ^oolpurs j repyefeot fUHy’grouoas 
by £rok^ . hiUs and ^allitys \\ draw fingle aott^ uOek 
for (bot-palhb, and double ories fof hbrYe or carriage 
roads. vWlc the name of each field rOfjiarkaWe 
place within It, and, If yOd chhofe, Its Oofit^it th acr^i 
roods, and perches. 

In a very large eftate, or n county, drawjeitjical and 
horizontal Ikies throng .tik i^ap, fpaoet 

between them by letters, placed ^ tne and bot- 
tom, and fide*,* ii^dl& findhtj;- ady Mwtf Other 
ol;de&. .inenttoncd in a-taUev -r haw ; ' ^ V 

la mapping counties, ai^ 


grounds of hilla an^ alleys, reduce all obb’oue jinei, 
meafured up hill and down hill, to hwisjontd ftraight 
lines, if that was not dope, during the furvey, before they 
were entered in thefield-bpok, by making a proper al- 
lowance to fhoften them. For which purpofe, there is 
commonly afmall taWe engraven on Tome of the mfti u, 
ments for Surveying. " 

20. To Cmpu!^ the Contents of Fields, 

iff. Compute the’eontents of the figures, whetlier 
triangles, or trapeziums, by the proper rules for 
the fevcral figures laid down in meafiiring \ multiply, 
ing the lengths by tfie breadths, both in links; the 
produd is acres after you have cut off fii^ figures ou 
the right, for decimals; th^n bring thefc decimals to 
roods aud perches, by multiplying hrff by 4, and then 
by 40. An example of which lyas given in the defenp- 
tlon of the chain, art. i. 

ad. In fmall and feparatc pieces, it is ufual to cad 
up their contents from the meafures of the lines tak^n 
in furveying them, without making a corred plan of 
tliem. 


Thus, in the triangle in art. 7, where wc had 
AP = 794, and AB = 1321 
PC = 826 

7 q >6 

' - 2642 

10568 


2 ) 10*9 1 146 

■ 5*45573 . P , 

4 Anf. 31 I 33 nearly 


T*S2292 

40 


52 ’^1680 • 


Or the firfl example to art. 8; thus ; 


3 ( 5 » 
\AC 591 


£D 

306 FB.. 


5ifi fottt of petfto*. 

5^2 AC* 


•..jtoat '■4 

2|8o,f . 
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Or 
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■Or tlie Jd tsample to the fame article, thus : 

AP no I 352 PC 

AQ^ 74 f 595 OP 

AB iiio 


PC 35a 

PC 352 

AP 1 10 

QJ? 595 

2 APC 38720 

fum 947 

— 



473 J 


2841 

5682 


iiPCDQ_ 601345 


ac r p 
Anf. 415 


OP 595 
ga 365 

^975 

3570 

178; 


2i7i75 = 2QpB 
601 34^ = 2 Pt DO 
38729= 2 APC 


) 8*57240=dou.thc\vholc 
4*2862 
4 

1*1448 

40 


4th, Somctjmca fuch pieces as that above> arc com- 
puted by finding a mean breadth, by dividing the fum 
of the offsets by the number of them, accounting that 
for one of them where the boundary meets the ftation 
line, as at A j then multiply the length AB by that rocan 
breadth. 


Thus: 


00 

785 AB 

6 z 

66 mean breadth 

84 

— 

70 

4710 ac r 

98 

4710 Content 0 2 

57 

• which is 

91 

*51810 

7) 46* 

4 

66 

2*07240 


40^ 


2*89600 


P 

2 by this method, 
10 perches too little. 


3d. In pieces bounded by very crooked and winding 
hedges, meafured by offsets, all the parts between the 
oITsets arc moll accurately meafured feparately as fmall 
tiapezoids. Thus, for the example to art, 6, wheic 


Ac 45 
Ad 2:0 
Ac 3 40 
Af jio 
Ag 634 
AB 785 


Then 


62 ch 
84 di 
70 elc 
98 fl 
57 

91 Bn 


Ac 45 
ch 62 

ch 62 
di 84 

di 84 
ek 70 

ck 70 
fl 98 

fl 98 
57 

90 

270 

146 
cd 175 

de 120 

168 
ef 170 

fg 124 

2790 

730 

18480 

11760 

163 

28560 

580 


1 022 
146 


290 

14s 


25550^ 


17980 



i ) 1*15708 ac 

•57854 Content o 
4 


r 

Bii 91 

143 
gB 151 

I4S 

740 

148 

11348 


12*56640 


Vot. n. 


But this method Is ^I'vays erroneous, except when 
the oflsets ftand at equal diftanecs from one another. 

5th. But in larger pieces, and whole efiates, confift- 
ing of many fields, it is the common pva^lice to make 
a rough plan of the whole, and from it compute the 
contents quite independent of the mcafures of the lines 
and angles that were taken in Surveying. For tlicn 
new lines arc drawn in the fields in tlie plan, fo as to 
divide them into trapeziums and triangles, the bafes 
and perpendiculars of which are meafured on the plan 
by means of the fcalc from which it was drawn, and 
fo multiplied together for the contents. In this w'ay 
the work is verv expeilitioufly done, and fufficiently' 
corrtft ; for fuch dimenfions are taken, as afford the 
moll eafy method of calculation } and, among u num- 
ber of parts, thus taken and applied to a fcalc, it is 
likely that fomc of the parts wilt be taken a fmall mat- 
ter too little, and otlicrs too great ; fo that they will, 
upon the wdiolc, in all probability, very nearly balance 
one another. After all the fitlds, and particular parts, 
are thus computed feparately, and added all together 
into one fum, calculate the whole efiate^ independent of 
the fields, by dividing it into large and arbitrary trian- 
gles and trapeziums, and add thefe alfo together. Then 
if this fum be equal to the former, or nearly fo, the 
work is right ; but if the fums have any confiderablc 
difference, it is wrong, and they mull be examined, 
and recomputed, till they nearly agree, 

A fpccimcn of dividing into one triangle, or one 
trapezium, which will do for raoft fingle fields, maybe 
feen in the examples to the lad article ; and afpecimen 
of dividing a large trad into feveral fuch trapeziums 
and triangles, in article 9, where a piece is fo divided, 
and its dimenfions taken and fet down ; and again in 
articles 15, i 6 , 

6th. But the chief fccrct in cafting up, confids in 
finding the contents of pieces bounded by curved, or 
very irregular lines, or in reducing fuch crooked fid< s 
of fields or boundaries to draight b’nes, that fhall in- 
clofc the fame or equal area with thofe crooked fides, 
and fo obtain the area of the curved figure by means of 
the riglit-lincd one, which will commonly be a trape- 
4 H 8 ^ium« 



( 

tHIl reddcin^ilte itkllsa to ftraight 

onei, If very ea% ^nd accurately perforwcd jtHus: 
Apply the rfrai^ht edge of a thm* clear piece of lao^ 
tltoi^*horn to the cn^oked line« which is to hereduced» 
in fuch a manner^ that the fmall parts cut off from the 
crooked figure by it, may be equal to thofe which 
arc taken in : which equality of the parts included 
and excluded, you will prcfently be able to judge of very 
nicely by a little praaicc : then with a pencil draw 
a line by the ftraight edge of the horn. Do the fame 
by the other Tides of the field or figure. So fliall you 
have a llraight-fidtd figure equal to the curved one ; 
the contents of which, being computed as before di- 
redted, will be the content of the curved figure pro- 
pofed. ^ 

Or, inftead of the ftraight edge of the horn, a horfe- 
hair may be applied acrofs the crooked fides in the fame 
manner j and the cafieft way of uTmg the hair, is to 
firing a fmall llcnder bow with it, either of wire, or cane, 
or whalc-bonc, or fuch like ftender fpHngy matter ; for, 
the bow keeping it always ftretched, it can be eafily 
and neatly applied with one hand, while the other is at 
liberty to make two marks by the Tide of it, to draw the 
ftraight line by. 

Thus, let it be required to find the contents of 
the fame figure as in art. U) to a Teak of 4 chains to an 
inch. 



Draw the four dotted ftraight lines AB, BC, CD, 
DA, cutting off equal quantities on both fides of them, 
which they do as near as the eye can judge : fo is the 
crooked figure reduced to an equivaknt right-lined one 
of four fides AMD. Then draw the diagonal BD, 
which, by applying a proper fcale to it, mcafircs 1256. 
Alfo the perpendicular, or neareft diftance, from A to 
this diag^al, mcafurei 456 j and the diftance C 
fromit,i«4a8. Then 




5024 

10048 

10048 


3 ) n*io 304 
S*5Si5a 
4 

2^20608 

40 


8*24520 


I rrif 

And.thanfe^eiilof^,t«^ 
qucntlyoftheirrdgute figure, to which it is equal, if 
eafily found to he y acit#, 2 roods, 8 perches, 

21, To Tritns/er a Plan to another Popery (sfc. 

After the rough plan is completed, and a fair one is 
wanted ; this may be done, cither on paper or vellum 
by any of the following Methods. * 

Firfi Method.-^hvjf tlie rough plan upon the dean 
paper, and keep them always preffed flat and clofc to- 
gether, by weights laid upon them. Thcn„ with the 
point of a fine pin or pricker, prick through all the 
corners of the plan to be copied. Take them afun- 
der, and connea the pricked points on the clean paper, 
with lines ; and it is done. This method is only to be 
pradifed in plans of fuch figures as are fmall and tole- 
rably regular, or bounded by right lines. 

Second Method, — Rub the back of the rough plan 
over with black lead powder j and lay the faid black 
part upon the clean paper, upon which the plan is to be 
copied, and in the proper poTition. Then, with the 
blunt p!)int of fome hard fubftance, as brafs, or fuch 
like, trace over the lines of the whole plan ; preffing 
the tracer fo much as that the black lead under the lines 
may be transferred to the dean paper j after which take 
off the rough plan, and trace over tire leaden marks 
with common ink, or with Indian ink, &c.— Or, iii- 
ftead of blacking the rough plan, you may keep con- 
ftantly a blacked paper to lay between the plans. 

Third Method,<^kx^oK\\tr way of copying plans, is 
by means of fqiiares. This is performed by dividing 
both ends and Tides of the plan, which is to be copied, 
into any convenient number of equal parts, and con- 
nefting the correfponding points of divifipn with lines; 
which will divide the plan into a number of fmall 
fquares. Then divide the paper, upon which the plan 
is to be copied, into the fame number of fquares, each 
equal to the former when die plan is to be copied of the 
fame fize, but greater or lefs than the others, in the 
proportion in which the plan is to be increafed or dimi- 
niftied, when of a different fize. Laftly,' Copy into the 
clean fquares, the parti contained in the correfponding 
fquares of the old plan ; and you will have the copy 
cither of the fame fize, or greater or lefs in any propor- 
tion. 

Fourth Method , — A fourth way is by the inftrument 
called a pentagraph, which alfo copies the plan in any 
fize required. 

Fijth But the neate^ method of any Is 

this. Procure a copptLg frame or glafs, made in this 
manner ; namely, a large fquarc of the beft window 
glafi, fet in a broad frame of wood, which can be 
raifed up to any anjle, when the lower fide of it reft* 
on a table. Set this frame up to any angle before you, 
facing a ftrong light \ fix the M plan and dean pape^ 
together with fcveral pins ^itc around, to keep them 
togcthcTi the clean paper oeing bid upperrooft# 

upon 


111Q304 
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vpon the face of the plan to be copiedt Lay theniy 
with the back of the old plan, upon the glafs, namely, 
that part which you intend to begin at to copy firft ; 
end, by means of the light ihining through the papers, 
you will very di{lin£tly perceive every line of the plan 
through the clean paper. In this ftate then trace all 
the lines on the paper with a pencil. Having drawn 
that part which covers the glafs, Aide another part 
over the glafs, and copy it in the fame manner. 
And then another part. And fo on till the whole be 
copied. 

Then, take them afunder, and trace all the pencil- 
lines over with a line pen and Indian ink, or with com- 
mon ink. 

And thus you may copy the fineft plan, without in- 
juring it in the leaft. 

When the lines, &c, are copied upon the clean 
pii])cr or vellum, the next bufincfs is to write fuch 
names, remarks, or explanations as may l>c judged 
neceffary ; laying down the fcale for taking the lengths 
of any parts, a flower-de-luce to point out the direc- 
tion, and the proper title ornamented with a compart- 
ment } and illuftrating or colouring every part in fuch 
manner as fhall feem moil natural, fuch as (hading ri- 
vers or brooks with crooked lines, drawing the repre- 
sentations of trees, buflies, hills, woods, hedges, houfes, 
gates, roads, &c, in their proper places; running a 
Angle dotted line for a footpath, and a double one for 
a cai riage road ; and either reprefenting the bafes or the 
elevations of buildings, &c. 

2 2. Of the D'mfion of Lands, 

In the divifion of commons, after the whole is 
fin vcye*d and cart up, and the proper quantities to be 
allowed for roads, &c, deducted, divide the net quan'- 
tity remaining among the feVcral proprietors, by the 
rule of hello w(hip, in proportion to the real value of 
their eftates, and you will thereby obtain their propor- 
tional quantities of the land. But as this divifion fiip- 
pofes the land, which is to be divided, to be all of an 
cqiml goodnefs, you mud obferve that if the part in 
which any one*s fliare is to be marked oft be better or 
worfe than the general mean quality of the land, then 
you mud diminifh or augment the quantity of his (hare 
in the fame proportion. 

Or, which comes to the fame thing, divide the 
ground among the claimants in the dirc^ ratio of the 
value of their claims^ and the inverfc ratio of the qiui- 
hty of the ground allotted to each 5 that is, in proper, 
tion to the quotients ariilng from the divifion of the va- 
lue of each perfon’s edate, by the number which ex- 
prclTcs the quality pf the ground in his (hare. 

But thefe regular methods cannot always be put in 
praaice; fo that, in the dividon of commons, the ufual 
is, to meafure feparately all the land that is of dif- 
ferent values^ and add into two fums the contents and 
the values ; then, the value of cv^ry claimant's (hare 
}} found, by dividing the wliolc value among them 
m proportion to their «ftat€8 $ and, laftly, by the 24th 
4 ‘ 


article, a quantity is laid out for each perfon, that (halt 
be of the value of his (hare before found. 

23, It is required to divide any ^iven ^antity of Ground^ 

or its Value y into any fiven Number of Parts ^ and in 

P ropprtion as any given Numbers* 

Divide the given piece, or its value, as in the rule of- 
Fcllpwlbip, by dividing tlie whole content or value by • 
the fum of the numbers cxprefiTing the proportions of the 
feveral (hares, and multiplying the quotient fcverallyby 
the faid proportional numbers for the refpcdllvc (hares 
required, when the land is all of the fame quality. }3ut 
if the (hares be of different qualities, then divide the 
numbers exprcding the proportions or values of the 
(hares, by the numbers which exprefs the qualities 
of the land ii\ each (hare ; and life the quotients 
inftcad of the former proportional numbers. 

Ex, I, If the total value of a common be syoo 
pounds, it is required to determine the values of the 
(hares of the three claimants A, B, C, vvhofe ef- 
tates arc of thefe values, 10000, and 15000, and 25000 
pounds. 

The cflates bein^ in proportion as the numbers 
2, 3, 5, whofe fum is 10, wc (hall have 2500 -f- 10 = 
250; which being fcverally multiplied by 2, 3, 5, the 
produfts 500, 750, 1250, arc the values of the lharcs 
required. 

Ex, 2. It is required to divide 300 acres of land 
among A, B, C, D, E, F, G, and H, w^hofe claims 
upon It arc refpcdively in proportion as the numbers 
% *0, 15,20. 

The lum of thefe proportional numbers is 64, bt 
which dividing 300, the quotient is 4 ac. z r. 30 p. which 
being multiplied by each of the numbers, 1, 2| 3> 5, 
we (^uin for the frvcral (hares as below ; 



Ac. 

R. 

P. 

A = 

4 

2 

30 


9 

t 

10 

C = 

«4 

0 

10 

D = 

23 

1 

3 ^ 

E = 

37 

2 

00 

F = 

46 


20 

G = 

7 *^ 

1 

IP 

H = 

93 

3 

OP 

Bum 

JOO 

0 

OP 


^r. 3, It is required to divide 780 acres amoft^ 
A, 13 , and C, whofe eftates arc 1000, 3000, and 4000 
pounds a year; the ground in their (hares being worth 
5, 8, and ip (hillings the acre refj)e(^ively. 

Here their claims arc as i, 3, 4 ; and the qualities of 
their land arc as 5, 8, 10 ; therefore their quantities 
muft be as {, |, or, by reduction, as B, 1 J, 16. Now 
the fum of thefe numbers 1839; which dividing the 
780 acres, the quotient is 20; which being multiplied 
fcverally by the three numbers 8, 15, 16, the three pro- 
duds arc 160, 300, 320, for the mitres of A, B, C, 
rcfpcdivciy. 

4 B r 


24. to 
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t4# To Cut of from a Plan a Given Numhr of 

by a Line ilra'wn from any Point in the Sue 

0/ it. 

Let Abe the f^iven point In tlir annexed plan, from 
which a Ime ib lo be d:a\vii cutting off fuppoic 5 uc. 

Zr, 14 p. 



Draw AB cutting off the part ABC as near as can 
beiudged equal to the rpianiity piopofcd; and let the 
true quantity of ABC, when calculated, he only 4 ac. 

7 r 20 p. which islefb than jac. 2 r. I4p. the true quan- 
tity, by 0 ac. z r. 34 p. or 712 <;o fquare links. Then 
incafure AR, which fuppofc = 1234 links, and divide 
71250, by 617 the half of it, and the quotient 1 15 links 
will be the altitude of the triangle to be added, and 
whofc bafe is AB. Therefore if upon the centre B, 
with the radius u 5, an arc be defcribed ; and a line be 
drawn parallel to AB, touching the arc, and cutting 
BD in D ; and if AD be drawn, it will be the line 
cutting off the required quantity ADCA. 

Note. If the fu ll piece had been too much, then D 
nriuft have been fet below B. 

In this manner the feveral ihares of commons, to be 
divided, may be laid down upon the plan, and transferred 
from thence to the ground itfelf, ^ , r 

Alfo for the greater eafe and perfeaton in this buQ- 
nefs, the following problems may be added. 

25. From an Mgle in a Given Triangky to draw Lines 
to the oppofite Side, dividing the Lriangle into any Num- 
ber of Pant, which Jhall be in any ajtgned Pro^r- 
tion to each other. 

Divide the bafe Into the fame number of parts, and 
in the fame proportion, by article 22 ; then from the 
feveral points of divifion draw lines to the propofed an- 
gle, and they will divide the triangle as required — 
For, the feveral parts are triangles of the fame altitude, 
and which therefore are as their bafes, which bafes are 

taken in the affigned proportion. 

Ex, Let the triangle ABC, of 20 acres,, be divided 
into five parts, which (hall be in proportion to the num- 
bers I, 2 , 3, 5 , 9; the lines 01 divifion to be drawn 
from A to CB, whofc length is j6oo links,. 


A 



Here I + - d- 3 + 5 + 9 = 20, and 1600-f zonraoj 
which being multiplied by each of the propoitional 
numbers, we have 80, 160, 240, 400, and 7:0. 'Bhcrc- 
fore make Qa = Bo, ab — 160, be = 240, ccl ~ 
4C0, and dh 720; then by drawing the lines hoy 
Abf Ac, Ad, the triangle is divided as rtquiiod. 

26. From any Point in one ftJe of a Given Triangle, to 
draw Linesio ihe other two S.u/es, dividing the 'It.aiv 
gle into any N^uuibcr oj Parti whuh Jhall be in any af 
Jigtied Ratio, 

Fiom the given point D, draw DB to the angle op- 
pofitc the fide AC in which the point is taken ; then di- 
vide the fame lidc AC into as many parts A L, LK, 1 G, 
GC, and in tlic fame propoition with the nqiiired 
parts of the triangle, like as was done in the Lit jno- 
blem ; and from tlic points (if divifion draw lines hk, 
FI, OH, parallel to the line fiD, and meeting u.e 
other fides of the triangle in K, I, H; lalll), uwns 
KD, ID, HD, fo lhallADK, KDI, IDliB, HiX; 
be the pails required. — The ixam^le to this will 
done exadly as tlic lad. 



For, the triangles ADK, KDI, IDB, being of tli? 
fame height, are as their bafes AK, KI, IB; which, 
by means of the parallels EK, FI, DB, arc as AE, 
EF, FD ; in like manner, the triangles CDH, HDb, 
arc to each other as CG, GD ; but the two tiiangk^ 
IDB, BDH, having the fame bafe BD, aie to t^idi 
other as the dillanccs of I and H from BD, or as I'D 
to DG ; confequently the parts DAK, DKI, DIBH, 
DHC, are to each other as AE, EF, FG, GC. 

Surveying of Harbours, 

The method of Surveying harbours, and of forming 
maps of them, as alfo of the adjacent coalls, landb, 
&c, depends on the fame principles, and is thitfly con- 
duaed like that of common Surveying. The opcia- 
tion is indeed more complicated and laborious ; as it is 
nec^llary to ered a number of fignals, and to mark a 
variety of objeds along the coaft, with diflereni bca - 
ings from one another, and the feveral parts of the narf 
hour j and likewife to meafurc a great number of arg 
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9t different ffations* whether on theland or the water. For 
this purpofe, the beft inftrument is Hadley’s quadrant, 
as all thefe operations may be performed by it, not only 
with greater cafe, but alfo with much more prccifton, 
than can be hoped For by any other means , as it is the 
©nly indrument in ufe, in which neither the cxaHnefs of 
the obfervtitions, nor the eafe with whiclj tiiey mav be 
in jdc, aie lendbly affeded by tlu* motion of a vt ifcl : 
and hence a fingle obfeiver, in a boat, may generally 
dttermine the fituation of any place at pleafiir. , with a 
fufficient degree of cxat'-lnels, by taking the anglesfub- 
tended by I'cveral pairs of objeds properly choi».a upon 
fho-C8 round about him ; but it will be Hill bcttci to 
have two obfervers, or the fame obferver at different 
fVations, to take tlic like angles to tlie fcveral ohjtds, 
and alfo to the ftations. Bvthis means, two anglesand 
one fide arc given, in eveiy triangle, from whence the 
lituation of every part of them will be knowni. liy 
fuch oblervatlons, W'hen carefully made wn'th good in* 
lanments, the lituation of places may be ealily detcr- 
minedto 20 or 30 feet, or Icfs, upon every 3 or 4 mile^. 
Idee Philuf, Traaf. vol. 55, pa. 70 ; alfo hiacken/ae’s 
Maritime Surveying. 

Surveying Croft, See Cross, 

Surviving i^iadranf. See (^t a d h a n t. 

Surveying iV/Zr, the fame witli Reducing Scale. 
SuRvrYiNG IVhi't'l, See Perambulator. 

SURVIVORSHIP, the dodilne of rcverfionary 
payments tliat depend upon certain contingencies, or 
contingent circumllanccs. 

Payments whicli are not to be made till fome future 
period, arc termed rcr.\'ffions^ to dillinguilh them from 
payments tliat arc to be made immediately. 

Revet lions are citlicr certain or conUngtnt , Of the 
former fort, are all fums or annuities, payable certainly 
or abfolutely at the expiration of any terms, or on tlic 
extindioii of any lives. And of the latter fort, arc all 
fuch reveifions as depend on any contingency; and 
particularly the Survivorfhip of any lives beyond or af- 
ter other lives. An account of the former may be 
found under the ni tides Affurance, Annuities, and 
Life annuities. But the latter form the moll intricate 
and difficult part of the dodlrinc of reverfions and life- 
annuities ; and the books in which this fubjedt is treated 
moll at large, and at the fame time with the mod pre- 
ciTion, arc Mr. Simpfon’s Sclcdt Exercifes ; Dr. Price’s 
Keverlionary Payments; and Mr. Morgan’s Annuities 
and Affurances on Lives and Survivorfhips. The whole 
likewife of the 3d volume of Dodfon’s Mathematical 
Repofitory is on this fubjedl ; but his invefligations aie 
founded on De Moivi'c’s falfehypothdis, viz of an equal 
decrement of life through all its llages, and which is 
explained under Life-annuities: but as this hypothefis 
does not agree near enough to fad and experience, the 
niles deduced from it cannot be fufficienily correct. For 
this reafon, Dr, Price, and alfo the ingenious Mr. Ma- 
feres, curfitor baron of the exchequer (in two volumes 
lately publifhed, entitled the Principles of the Dodrinc 
ct Life Annuities), have difearded the valuations of 
lives grounded upon it ; and the former in particular, 
in order to obviate all occafion for ufing them, iias 
fubftituted in their ilcad, a great variety of new tables of 
the probabilities and values of lives, at every age and in 
crery fituation j calculated, not upon any hypothefis, 


but in llrid conformity to the bed obfervations. Thefc- 
tables, added to other new tables r»f the lame kind, in 
Mr, Baron Maferes’s work jull mentioned, form a com- 
plete^ let of tables, by W'hicli all qucllions relating to 
annuities on lives and Sin vivorihipa, may be anfw’cied 
with as much conxdntls as the nature of the fubjeCt 
allows. 

Rules for calculaLiiig tontdly, in rnoll caLs, the 
values of levci lions dcpLiiding on Sm viNorllhps, may be 
fouinl in tlie three trcdtilct, jull mciuioiKvi. Mr, Nior- 
gau, in paitieviUr, lus goiu. a good way to vaids ex- 
haulliijg this fiihjcd, lu lai as any queltioiii. laii include 
in them any Sin vivoi lhij)s betwea^n two or thicc lives, 
eillit r lur leriUb, or the whole duration of the li\es. 

PiicMcis, however, one cireiunltancc nccenaiy to be 
attended to in calculating lueli values, to winch no re- 
gard could be paid till lately. 1 his cii cuiuiidiice is tlic 
Ihorlei duration ot the lives of males tlian of females ; 
and the c (/iiK (picnt advantage in l.ivoiir of females in all 
cales of Sui .ivv)! lliip. In the 4th edition ot Di. Piiccbi 
Treatilc oil Rweiliouary Payments, this taiM ib iioLuiily 
afceiianied, but iepaiate tables (d the diiialiou and- 
values ol lives ai e given lor males ami Icmak i. 

iSU 8 PLNc> 10 N, III Meehaiiies, as in a balance, a’^ 
thofe points in the a\is 01 beam where tlie weigbuaie 
applied, or lioin which they are liilpaided. 

e)U r PON’s i^uulrant. Sec C^u AURAs r. 

SWAN, in Allronomy. SeeUvGNUb. 

SWALLO vV’s-Tai r,, in roitilieation, is a finglc 
Tenaille, whicir is narrower towMrds the place than 
towards the country. 

SWING-/Z 7 W, in a royal pendulum, is that wheel, 
which drives the pendiilinn. In a watch, or balance 
clock, it is called the croiitn-whecL 

SYDERLAIj Dayt or Tear, See Sini‘Ki:\L. 

SYMMETRY, the relation of paiity, liotli in re- 
fped of length, breadth, and hdght, of the pail* lie- 
cclfary to compofe a Ijcautiful whole. 

Symmetry aides from that projiortinn wdiieh the 
Greeks call annlogy^ which is the relation ot cmifoi. 
mity of all the parts of a budding, and ot tlic whrdc, 
to iome certain meafurc ; upon which depends tli * 
nature of syiumctry. 

According to Vitruvius, Symmetry roiillfls in the 
union and conformity of the feveial members of a 
worK. to their w'liole, and of the beauty of each of the 
fepai.ite parts to that of the inliic work. ; regard being 
Iiadtcj fome ceitaiii incafure : fo the body, for inllamx, 
is fiamcd wu’tb Symmetry, by the due relaticu which the 
aim, elbow, hand, fingers, < 5 ec, have to each oiliii. 
and to their w1k>1c. 

SYMPHONY, is a c nfonr.nec or conceit of feveru! 
founds agreeable to tlu car; wluiher they be vocal 01 
indrumcntal, or both ; called alio Luirmony, 

I'he Symphony of the Ancieriis went no ftrthor 
than to twoor more voices or iiidairni nte fet to unifon 4 
for they had no fuch things a., inufic in parts ; as is ver) 
well proved by Perraelt : at leill, if ever they knew 
fuch a thing, it mull have l.cen earl) loll. 

It IS to Guido Aietinc, about the year 1022, tLt: 
mod writers agree iu afenbing llic invention t)f compn 
lition : itw'as he, tlicy fay, vvlio firff joined in one liar- 
mony fcveral didinct melodics; and brought it cvai to 

thr 
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■Hie lenglh of 4 paits, viz, bafg, tenof, counter-tenor, 
and treble*. 

The tcim Symphony is now applied to inftrumental 
mufic, both that of pieces defigned only for inftru- 
inents, a« fonatas and concertos, and that in which the 
inlliumcnts arc accompanied with the voice, as in ope- 
ras, StC. 

A piece is faid to be in grand Sympfiony, when, bc- 
'dules the hats and ticble, It has alfo two other inftrii- 
liuntal paits, vi/, tenoi and ^thof the violin. 

vSYN'CHRONl ."•Ivl, the being or happening of fc- 
veinl things togethei, at or in tlic fame time. 

The hapjKMiing or performing of feveral things in 
(Kjiial times, as tlie vibrations of pendulums, &c, is 
more ])roperly called j/or/)ro////w; though foinc autliors 
conhniud the two. 

SYNCOPATION, in Mufic, denotes a driking or 
breaking of the* time ; by which the dillinftncfs of 
tlie fcNcial times or parts of the mcafuie is inter- 
rujjtcd. 

SyNcopArioN, or Syncoie, is more particularly 
iifed for the ccmiu^ting the lall note of one tneafure or 
bar witli the full of tlie following mcafurc; fo as to 
make only one note ofT:ioth. 

Syncopation is alfo ufed wdien a note of one part 
jcr.ds on the middle of a note of the other part. This 
is otheiosife called 

SYNOIJICAL Months Is the period or interval of 
time in which the moon palTes from oi>c conjundion 
tviili the fun to another. This period is alfo called a 
Luuatmi lince in this peiiod the moon puts on all her 
phafes, or appeal anccs, as to increafe and decrcafe. 
—Kepler found the quantity of the mean Synotlical 
month to be 29 days, 1 1 hrs, 44 min. 3 fee. 1 1 thirds. 

SYNTHESIS denotes a method of compolition, as 
eppofed to analylis. 

In the Syiithefis, or fynthetic method, w'C purfuc 
the tiuth by reafons diawn fwm principles before ef- 
tablilhed, Or alfumcd, and propofitions formerly proved ; 
tlius proceeding by a regular chain till we come to the 
conclurioii ; and hence called alfo the dired method, 
and ccmpfjftiouf in oppofition to analyfis or refolu- 
cion. 

Such is the method in Euclid^s Elements, and mod 
dcmondratloiis of the ancient mathematicians, which 
proceed from definitions and axioms, to prove theo- 
rems &c, and from thofe theorems proved, to demon- 
flrate others. See Analysis. 

SYNTHETiC.XL iWIvW, the method by Synthcfis, 
or compofit ion, or the diredt method. See Synthesis. 
SYPHON. Sec Siphon. 

SYRINLiE, in Hydraulics, a fmall fimple machine, 
frrving hrft to Imbibe or fuck in a quantity of water, or 
other fluid, and then to fqulrt or expel the fame with 
violence in a fmall jet. 

The Syringe is jull a fmall finglc fucking pump, 
without a valve, the water afeending in it on the fame 
principle. It confiiU, like the pump, of a fmall cylin- 
der, with an embolus or fucker, moving up and down 
in it by means of a handle, and fitting it very clofc 
within. At the lower end is either a fmall hole, or a 
fmaller tube fixed to it than the body of the inflrument, 
through which the fluid or the water is drawn up, and 
fquirted out again. 


Tims, the embolus being firft pufhed clofc dmant, in. 
troducc the lower end of the pipe into the fluid, then 
draw up, by the handle, tlie fucker, and the fluid wili 
immediately follow, fo as to dll the wliolc tube of the 
Syringe, and will remain there, even when the pipe is 
taken out of the fluid ; but by thrufting forward the 
embolus, it will diivc the water before it ( and, being 
partly impeded by the frnallncfs of the hole, or pipe, 
It will hence be expelled in a fmart jet orfquirt, and to 
the greater difiance, as tlic flicker ispuiheddown with 
the greater force, or the greater velocity. 

This afeent of the water the Ancients, w'ho fnp* 
pofed a plenum, attributed to Nature’s abhorrence of a 
vacuum; but the Moderns, more rcafonubly, asw'ellm 
more intelligibly, attribute It to the prcirure of the at- 
mofpliere on the exterior furfaec of the fluid. For, by 
drawing up the embolus, the cavity of the cylinder 
would become a vacuum, or the air left there extremely 
rarefied ; fo that being no longer a counterbalance to 
tlie air incumbent on the furfacc of the fluid, this pre- 
vails, and forces the w'ater through the little tube, or 
hole, up into the body of the Syringe, 

SYS i'EM, in a general Senfe, denotes an afTem- 
blage or cliain of principles and coiiclulions : or tlnr 
whole of any do6lrine, the feveral parts of which arc 
bound together, and follow or depend on each other. 
As a Syfiem of ailronomy, a Syfiem of plaiietb, a Syf- 
tem of philofophy, a Syfiem of motion, kc. 

System, in Afiroiiomy, denotes an hypothefis or a 
fiippolition of a certain order and arrangement of tlie 
feveral parts of the iiniverfcj by which afironoiners cx- 
lai.i all the phenomena or appearances of the heavenly 
odies, their motions, changes, &c. 

This is more peculiarly called the Syjlcm nf thf 
worlds and fometimes the Solar Syjim, 

Syfiem and hypothefis have much the fame fignifica- 
tion ; unlefs perhaps hypothefis be a more particular 
Syfiem, and Syfiem a more general hypothefis. 

Some late authors indeed make another dilUmflion : 
an hypothefis, fay they, is a mere fuppofition or iirfiioii, 
founded rather on imagination than reafon ; while a 
Syfiem isbuilton the firmefi ground, and raifed by the 
feverefi rules ; it is founded on allronomical obfervations) 
and phyfical caufes, and confirmed by geometrical dc- 
monrtrations. 

The mofi celebrated Syfiems of the world, are the 
Ptolomaic, the Copernican or Pythagorean, and the 
Tychonic ; the economy of each of which is as fol- 
lows, 

Ptolomnk System is fo called from the celebrated af- 
tronomer Ptolomy. In this Syfiem, the earth is placed 
at refi, in the centre of the univerfe, wliile the heavens 
are confidered as revolving about it, from eaft to w'efi> 
and canying along with them all the heavenly bodies, 
the fiars and planets, in the fpace of 24 hours. 

The principal aflertors of this Syfiem, are Arifiotle, 
Hipparchus, Ptolomy, and manv of the old philofo- 
phers, followed by the whole world, for a great number 
of ages, and long adhered to in many univerlities, 
and other places. But the late improvements in phi- 
lofophy and rcafoning, hate utterly exploded this cr* 
roncous Syfiem from the place it lb long itield in the 
minds of men. 

Copernican System, is that Syfiem of the vrond 
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which place# the Sun at reft, in tlie centre of the world, 
and the earth and planet# all revolving round him, in 
their fcvcral orbit#. See this more particularly explained 
under the article Coper nican S ^ km . 

Soiar OT Plane l ary SvsrEM, is ufually conftned to 
narrower bounds ; tlie ftars, by thcir immenfe diftance, 
and the little relation they feem to bear to us, bcingac- 
couuted no part of it. It is highly probable that each 
fixed ftar is itfelf a Sun, and the centre of a particular 
Syftem, furrounded with a company of planets &c, 
which, in different periods, and at different diUances, 
perform their courfes round tlieir refpedivc lun, which 
enlightens, warms, and cheriflies them. Hence we 
have a very magnificent idea of the world, and the im- 
mcnfity of it. Hence alfo arifes a kind of Syllem of 
Sy Items. 

The Planetary Syltcrn, dcfcrlbed under the article 
CoPERNiCAw, is the moll ancient in the world. It was 
fird of all, as far as we know, introduced into Greece 
and Italy by Pythagoras ; from whom it was called the 
Pythagorean Syllem. It w'as followed by Pliilolaus, 
Plato, Archimedes, &c : hut it was loll under tljc 
reign of the Peripatetic philofophy ; till happily re- 
trieved about tbe year i50ol3y Nie. Copernicus. 

Tycbonic System, was tailght by Tycho, a Dmje ; 
who was bom An. Dom. 1546. It fuppofes that the 
eaith is fixed in the centre of the univerfc or firmament 
of liars, and that all tlie liars and planets revolve round 
the eaith in 24 hours; but it differs from tbe Ptolomaic 
iS \ Hem, as it not only allows a menllrual motion to the 
moon round the earth, and that of the fiitellites about 
Jupiter and Saturn, in llicir proper periods, but it makes 
the fun to be the centre of tlie orbits of the primary 
planets Mercury, Venus, Mars, Jupiter, < 5 :c, in wliich 
they are carried round the fun in thcir^rcfpeiflive years, 
as the fun revolves round the earth in a folar year ; and 
all thefe planets, together with the fun, arc fuppofed 
to revolve round tlie earth in 24 hours. This hypothc- 
fis was fo embarraffed and perplexed, that very few per- 
fons embraced it. It was afterwards altered by Lon^o- 
montanus and others, who allowed the diurnal motion 
of the earth on its own axis, but denied its annual mo- 
tion round the fun. This hypothefis, partly true and 
partly falfe, h c2[\cCit\\t Semi-Tychonic Syflem, Seethe 
figure and economy of thefe Syllems, in plates 30, 
3 *» 32, 35 * 


System, in Mufic, denotes a compound interval ; or 
an interval conipofcd, or conceived to be compofed of 
fcveral lefi intervals. Such is the o£lave, 5 cc. 

SySTYLE, in Archite^lure, the manner of pla- 
ring columns, where the fpace between tbe two fulli 
confills of 1 diameters, or 4 modules. 

SYZYGY, a term equally ufed for the conjuniftion 
and oppolitiou of a planet with the fun. 

On th^ phenomena and circiiinlliinces of the Syzy- 
gies, agreatpait ot the lunar ilieory depends. Sec 
Moon. Eor, 

1. It is Ihewn in the phyfical aflronomy, that the 
force which diminilhes the gravity of the moon in tlie 
Sy/ygies, is double that which iucreafes it in the qua- 
dratures; io tliat, ill the Sy/ygies, the gravity of the 
moon isdiminifhed by a pait wliich is to the whole gra- 
vity, as 1 to 89*36 ; for in the oiiadratures, the addi- 
tion of gravity is to tlie whole giavitv, as 1 to 
*'^‘ 73 - 

2. In the Syzygtes, the difliirhing force is direiflly as 
tlie dillancc of the moon from tlie earth, and invei lely 
as the cube of the diflance of the earth from tlic fun. 
And at the Sy/ygies, the gravity of the mooti towards 
tlie earth receding from its centre, Is more dlmluilh- 
ed than according to the iiiverfc ratio of the fquarc 
of the dillancc fiom tliat centre. — Hence, in the 
mooiPs motion from the Sy/ygies to the quadiatuuK, 
the gravity of the moon towaids the earth is continually 
increafed, and the moon is continually retarded in her 
motion ; but in the inoon^s motion from the quadra- 
tures to the Sy/ygies, her gravity is continually dimi- 
nilhcd, and the motion in her orbit is accelciated. 

3. Farther, in the Sj'/ygies, the moonhs oibit, or 
circuit round thccarth, is more convex than in the qua- 
diatures; for which reafon flie is lefs dillaut from the 
earth at the former than the latter — Alfo, when the 
moon is in the Sy/ygies, her apfes go backward, or 
arc retrograde. — Moreover, when the moon is in the 
Sy/ygies, the nodes move in antecedentia fallefl ; 
then flower and flower, till they become at rcll 
when the moon is in the quadratures. — Lallly, when 
the nodes are come to the Sy/ygies, the inclination of 
the plane of the orbit is the leall of all. 

However, thefe fcveral irregulaiities are not equal in 
each Syzygy, being all fomewhat greater in the con- 
junilion than in the oppofition. 


T. 
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T able, in Architc^lur^ a fmooth, fimplc mem- 
ber or ornament, of various forms, but moft com- 
monly in that of a parallelogram. 

XA^tLS, in Fcrlpe^ivey U fometime# ufed for the 
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perfpeaivc plane, or the tranfparcnt plane upon 
which theobjeas are formed in their rcfpcdUvc appear- 

TMiEofPythaioraSi is the fame as the Multipli- 
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<.'Airov Table; which fee; as alfo PyTHAGORAs's 
Table. 

Taulfs of Iloufci^ among adrologera, are certain 
Tables, tcady diawn up, for the afiiilance ot pradli- 
tioners in tl jt ait, fur the erecting or drawing of 0- 
.gurosoi See Housi:, 

Taflul, 111 Mathematics, are fyftcms or ferhs of 
nimihci', talculated to be ready at hand for expediting 
any foit of calculations In the various branthco of nia- 
llier..atics. 

/Jitrhuwical TAians, are compiitHtions of the mo- 
t lulls, places, and ollicj phenomena of the planets, both 
primal y and feeondary. 

The ol(k-fl ailronoinical Tables, now extant, arc 
thufc of Ploloniy, found in his illinagcft. 'f hele 
however are not now of mucii ufe, as they no longer 
agree with the motions of the ]ica\cns. 

In 1252, Alphonfo XT, king of CaOile, undertook 
ahe correcting of them, chiefly by the alfitlancc of Ifaac 
Hazeii, a leauicd Jew ; and fpent 400,000 crowns on 
tlic bufinefs. Tims arofe the AlpJwnfittc Tahhs^ to 
‘ wliieh that prince hlnifclf prefixed a picface. But the 
deficiency of tliefe alfo was foon perceived by Pmbacli 
mid MuUer, 01 Regiomontanus ; upon wliiili the latter, 
and after him Wallher Warner, applied thcmfelvts 
to celellial obfcvvatioiis, for farther improving them \ 
hut death, or various difficulties, prevented the e fled of 
tliefe good defigns. 

CopeM'iiicus, in his books of the celeflial revolutions) 
gives other Tables, calculated by himfclf, partly from 
ins own obfervations, and partly from tlic Alphonfine 
Tables* 

From Copernicus’s obfen-alions and theorems, Eraf- 
inusRcInhold afterwards compiled the Prntctilc Tabksf 
which have been printed fevcral times, and in fcveral 
places. 

Tycho Bralio, even in his youth, became fenfible of 
tlic deficiency of the Prutcnic Tables : which deter- 
mined him to ajiply himfclf with fo much vigour to 
celeflial obfervations. From thefe he adju fled the mo- 
tions of the fun and moon ; and Loiigomontanus, from 
the fame obfervations, made out Tables of the motions 
of the jdaiuts, which he added to the Theories of the 
'fame, publiflnd in liis Aflronomia Danica ; thofe being 
called the Tahirs, And Kepler alfo, from the 
fame ubfervations, pnblilhed In 1627 his RuJolphlne 
Tables, ^^hleh are much efteemed. 

Ihefe I e afterwards, vl/. in 1650, changed Into 
another form, by Maria ''iunitia, whofe Ailronomical 
Tables, comprehending the tffed of Kepler’s phyfical 
hypothcfi% arc vciy eafy, fatisfying all the phenomena 
without any mention of logarithms, and with little or 
no trouble of calculation. So that the Rudolphine cal- 
culus is here greatly improved. 

Mercator made a like attempt in his Aftronomical In- 
Aitution, puhliflied in 1676. And the like did J. Bap. 
Morint, whofe abridgment of the Rudolphine Tables was 
prefixed to a Latin verfion of Street’s Aflronomia Ca- 
lolina, publifl\edin 

Lanfbergius Indeed endeavoured to diferedrt the Rai- 
dolpbine Tables, and framed Perpetual Tables^ as he 
culls them, of the heavenly motions. But his attempt 
WAS never much regarded by the aflronoraers ; and our 


countryman ‘Horrox warmly attacked him, In his 3c* 
fence of the Keplerian aflronomy. 

Since the Rudolphine Tables, many others have been 

framed, and publiflied : as the Vhilclnc Tables of Bnl- 
’liald; the Britannic Tables of Vincent Wing, calculated 
on Bulliald’s hypotbefis ; the Britannic Tables of John 
Newton; the French ones of the Count I’agan ; the 
Caroline Tables of Street, all calculated on WardL bv- 
pothefis ; and the Nuvahnaj fi: Tables of KiCLioii. 
Among the fc, however, the khiiolalc and Caioline Ta- 
bles aic efleemed the bell ; infuinucli that Mr. Whlllon, 
by t!ie advice of Mr. Flamflccd, thought fit to fiibjoiii 
the Caroline Tables to his aftronomical lc6tures. 

The LuiloarTian Tab’es, publinicd in i’;02, by Dc la 
Hire,wticconflru6lcd uholl) fiom his oum obfervations, 
and without the afliflance of any hypothefH ; which, 
bcfoic the invention of the miciorretcr telcLope ai^d 
the pciididiim clock, was held impoflible. 

Dr. Halley alfo long laboured to jieiRfl another fa 
of Tables ; which were printed in but not pub- 

llfhcd till 1752. 

M.Monniei, in 17^*6, publilhcd, in his Inflitutioiif 
Aflumomiquec, 'I'able^ of the motions of the fun and 
inc'on, with the fatellites, as alfo of rcfiailions, and tlic 
pkces of the fixed llais. La liirc alfo publiflied 'Fa- 
bles of the planets, anti La Caille Tables of the fun : 
(bled Morris publifhe’d d'abks of the fun and moon, a:ul 
Mayei conftiiktcd Tables of the moon, which werepuli* 
lifliedby the Boaul of Longitude. I’ables of the lame 
have alfo been computed by Charles Mafon, from the 
principles of the Newtonian philofophy, which aie 
found to be very accurate, and are employed in com- 
puting the Nautical F^pbtmcns. Manv other fet^ cd 
aftronomical Tables have alio been piiblilhcil by vaifon- 
perfons and academies ; and divers fcls of them maybe 
found in the modern book', of aflronomy, navigation, 
Arc, ofwhicli thofe arc efleemed the beft and mofl com- 
plete, that arc printed in Lalandc’s Aflronomy. lun an 
account of feveial, and cfpecially of tliofe puhliflicd an- 
nually under the diieitlion of the Commilfloiicis oi 
Longitude, fee Almanac, Ephlmeris, and Longi- 
tude. 

For Tables of the Stars, fee CafaloguE, 

Tables of Sines, Tangents, and Secants, ufed in 
trigonometry) &c, arc ufuaily called ^Canons. Sec 
Sine. 

Tables of Logarithms, Rhumbs, l^c, ufed in 
geometry, navigation, &c, fee Logarithm, and 
Rhumb. 

Tables, Loxodrmic, and of Difference of Laiituk 
and Departure, are Tables ufed in computing the vay 
and reckoning of a fliip on a voyage, and are publilhtd 
in mofl books of navigation. 

I’ACC^ET (Andrew), a Jefuit of Antwerp, 
who died in 1660. He was a mofl laborious ancl \ulii- 
mlnous writer in mathematics. His works were eol- 
lefted, and printed at Antwerp in one large volume m 
folio, 1(69. 

TACTION, in Geometry, the fame as tangency, 
or touching. See Tangent. 

TALUS, or TalOd, in Architefture, the inch- 
nation or flope of a w'Otk; as of thcoutfidc ofa v'alh 
when its thicknefs is diminifhed by degrees, a* it rik* 
in height, to make it the firmer. 

TaluJi 
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Talus, I)) fortification, means alfo Hope of a 
work, whether of earth .or mafonrjr. 

The I^xicrior Taliu -of a work,, is its Hope pn the 
fide outwards or' towards the country ; wJiich is always 
niade as little as poffible, to prevent the enemy’s cfcaladc, 
unlefs Mlc earth be bad, for then it Is nccclTary to allow 
a confiderablc Talus for its parapet, and fometimes 
to fupport the earth with a (light wall, called a revete- 
nient. 

The hterhr Talus of a work, is its Hope on i)ic 
infide,- towaids tlic place. This is larger than llic 
former, and it has, at the angles of the gorge, and 
fometimes in the middle of the curtains, ramps, or 
(leaping roads for mounting upon the terreplain of the 
rampart. 

^upcrt<ir Talus of the Parapet^ is a dope on the top 
of the parapet, that allows of the foldicrs defending 
the covert-way with fmall-fiiot, which they could not 
do if it w'cre level. 

TAMOOUk, in Archlteftnre, a term applied to 
the Connthian aiidCompofite capitals, as bearing fomc 
refcmblancc to a tambour or drum. 

TAMUZ, in Chronology, the 4th month of the 
Jrwi(h ecclefiaftical year, nnfweiing to part of (Mir 
June and July. The 1 7th day of this month is o!)- 
ferved by the lews as a fad, In memory #oF tfic dt(lru<r- 
tlon of Jcrufalcrn by Nebuchadne'/zar, in the nth 
year of Zedekiah, and the 588th before Chrift. 

TANGENT, in Geometry, is a line that touches 
a curve, &c, that is, which meets it in a point without 
cutting It there, though it be produced both w'uys } as 
the Tangent ABof the circle 
iU), The point B, v<^here the 
Tangent touches the curve, is 
called the point of conto^* 

The diredlioxi of a curve at 
the point of conta6l, is the 
fame as the dlredlion of tlic 
Tangent. 

It is demonftrated in Geo- 
metry ; 

1. That a Tangent to a circle, as AB, is perpendi- 
cular to the radius BC drawn to the jx)int of coutadl. 

2. The Tangent AB is a mean proportional between 
AE and AE, tlie whole fecant and the external part 
of it ; and the fame for any other ftcant drawn from 
the fame point A, 

3. The tw'o Tangents AD and AD, drawn from the 
fame point A, arc always equal to one another. And 
therefore alfo, if a number of Tangents be drawm to 
different points of the curve quite around, and an equal 
length BA be fet off upon each of them from the points 
of conudl, the locus of all the points A will be a ciiclc 
havlngthe fame centre C. 

4. The angle of contaft ABE, formed at the point 
pfconta<fl, between the Tangent AB and the arc BE, 
is lefs than any rcf^lincal angle. 

5. The Tangent of an arc is the right line that limits 
the pofilion ofaU the fccants that can pafs through the 
point of (jontadl ; though ftridlly fpcaking it is not one 
of the recants, but only the limit of them. 

6. As a right line is the Tangent of a circle, when 
it touches the circle ifo clofcly, that no right line can 
he drawn through the point of conta^^ between it and ■ 

V 0 L.II. 7 



the .arc, or within the angle pf conta«St that is formed 
by them ; fo, in general, when any right line toueli 9 
an arc of any curve, in inch a manner, that no li; Kt 
line can be drawn through the point of contat‘l, - 
tween the right line and the aiT, dr^irtnn U\e 
of contiufl that Is formed by them, then is that line flu* 
Tangent of tlic curve at ihc faid point ; as AB. 



7. In all the conic feAiqns; if C be the centre of 
the figure, and BG an ordinate dr.i\vii from tlic point 
of contadl and perpendicular to 
the axis; tlicn is CG ; CK : : 

CE : CA, or the femiaxis CE 
is a menu proportional between 
CG and CA. 

T A N G V;n r , i n Tr i go n o m ct 1 y . 

A Tancfvt of an nn^ is a 
right line drawn touching one 
<xt!emity oflliearc, and limit- 
ed by i\ fecant or line diawn 
through the centre and the otlicr 
extremity of tlie are. 

So, AG is tlio T.ingcnr oF the arc AB, or of the arc ABD ; 
liikI ah istlic T.ingcnr uF iltc .trc AI, or ot tlic .irc AIDK, 

The frme are alfo the Tangents of the angles that 
arc fubtended or incafurcd by tlieares. 

Hence, I. 'I he Tangents in the i/l and 3d qnridrantfi 
are pofitive, in the 2d and 4th negative, or drawn the 
contrary way. But of o or 180'^ tlie femicircle, the 
Tangent is o or nothing ; while thofe of 90” or a (jua- 
draut, and 270° or 3 quadrants, are both infinite ; the 
former infinitely pofuivc, and the latter infiiilLcly iicga. 
live. That is, 

Fcfuecn 0 .ind 90-\orbct. 27^ t*. ihi- Tan"rnt<iaic pafitivc. 

Ha. 9 ''.mil i or bet. 27 -'' .iml 3'').''’, tijc 'rangnit^ .irt lU't itive. 

2. '^J’hc 7’angent if an arc and the I'angcnt of Its fup- 
plement, arc equal, but of contrary ufieitioijb, the one 
being pofitive, and the otlicr negative; 

as of ^ and iSo^' - /?, wlicic a is any arc. 

Alfo 180® -pa] have the fame Tangent, and of the 

and a j fame affc6lion. 

Or 180® + tz > have the fame Tangent, but of 

and 180® J different affed ions. 

3. The Tangent of an arc is a .^ih propoitional to 
the cofinellie fine and the radiiis; tlml is, CN : NB : : 
CA : AG. Hence, a canon^ of fmes being made or 
given, the canon of Tangents is eafily conllrudtcd from 
them. 

Co-Tanofnt, contraded from complemcnt-tangcnr, 
is the Tangent of the complement of the arc or angle» 
or of what it wants of a quadrant or 90®* bo LM is 
the Cotangent of the arc AB, being the Tangent of 
its complement BL. 

The Tangent is reciprocally as the cotangent ; or the 
4 C Tangent 
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Tangent and cotangent arc reciprocally proportional 

with the radius. That is Tang, is as — » or Tang» 

® cotan. 

: radius ; ; radius i cotan. And the reAangle of the 
Tangent and cotangent is equal to the fquare of the 
radius ; that 15, Tan. X cot* rr radius*. 

/Irtificlal Tangknts, or logarithmic Tangents, 
a^c the logaiithms of the tangents of arcs ; fo called, 
in contradiIlin(fti(jn from the natural Tangents, or the 
Tangents ex prefled by the natural numbers. 

Line ^'Tangents, is a line iifually placed on the 
feftor, aitd Gunter's fcalc ; the defcriptlon and ules of 
which fee under the article Sector. 

6’//A-Tangent, a line lying beneath the Tangent, 
being the part of the axis intcicepted by the Tangent 
•nd the ordinate to the point of contadi ; as the line 
AG in the zd and 3d figures above. 

Method of Tangents, is a method of determining 
the quantity of the Tangent and fubtangent of any 
algebinic curve ; the equation of the curve being given. 

This nuthod is one of the gieat rtfults ol the doc- 
trine of fluxioiiF. It is of great nfe in Gcometty ; be- 
canfe that in determining the range’nis of curves, wc 
determine at the fame lime the quadrature of the cur- 
vilinear rpaees : on which account it deferves to be here 
particuh.ily treated on. 

To Diaw the Tangent y or to find the Suhtangeat^ of a 
curve. 


Tf AE be any curve, and E 
any point in it, to which it is 
recjuircd to draw a Tangent 
TE. Draw the ordinate DE ; 
then if we can determine the 
fubtHiigcnt TO, by joining the 
points T and E, the line TE 
will be the Tangent fvjught. 

Let dae be another ordinate Indefinitely near to. DE, 
mtceting the curve, or Tangent produced, in e ; and 
lei Err be parallel to the axis AD. Then is the ele- 
jiientary triangle 'Eae fimilar to the triangle TDE ; 

and therefore - ^<1 : uE ; : ED : DS ; 

but ea \aV. \\ flux. ED : flux, AD4 

therefore flux. ED : flux. AD DE : DT; 




which Is therefore the value of the fubtangent fought ; 
where A-istheabfeifs AD, and the ordinate DE. 

Hence we have this general rule f By means of the 
given equation of the curve, find the value either of .v 

or of 4 - , which value fubftitutc for it in the cx- 

preflion DT =:= and,, when reduced to its fimplcft 

\crm?, It will be the value of the fubtangent. fought. 
This wc may lUuftrate in the followinjf examples. 

Ex* i. The equation defining a circle is lax xx 
5;/, where a is the radius; aod the fluxion of this is 

J. hence -r = multi- 


i ix V* DE^ 
plied by y, giv^s-^ra =: — - the fuB- 

tangent TD, or CfD : Bfe ; : DE : TD, which is a 
property of the j:irclc wc alfo know from comraoit 
geometry. 

Ex, 1, The etjuatlon defining the common parabola 
is ax = a being the parameter, and x and y the 
abfeifs and ordinate in all cafes. The fluxion of this 


. . , - yof 

IS ax = 2 yr ; hence — = — ; confeq. ~ s= 

y ^ y 


2 ax . 

- — = ZAT = TD ; that is, the fubtangent TD is 

double the abfeifs AD, or TA is = AD, which is a 
well-known property of the parabola. 

Er.3. The equation defining an elHpfis is r*.2<Jv— 

= where a and c are the femiaxes. The fluxiun 
of it Is — 2XX = la'^yy ; henee 

H — TD 

y — — A*) a — x 


the fubtangent ; or by adding CD which Uz=a — .r, it be* 


comes CT = 


— .V* 

a — X 


4 - a 



_ CiV 
~ CD^ 


or CD : CA : : CA : CT, a w'dl-known property of 
the cllipfe. 

Ex. 4. The equation defining the Irypcrbola i'*. 
e'^.iax + .V* ~ Tiy, which is fimilar to tint for tl i 
cllipfc, having only f .v* for -- 5 hence the cun- 

clufion is exadly limllar alfo, viz, 


or zz TD, which taken from 

-f- .V “b A? 

CA* 

CD or a + A, glvc& CT = , or CD : CA ; i 

CA : CT. 

And fo on, for the Tangents to other curves. 

The Inverfe Method of Tangents. This is the i£i 
verfe of the foregoing, and confifts in finding the nature 
of the curve that haa a given fubtangent. "I'hc mcthcl 
of folution is to put the given fubtangent equal to ib^ 

general expreflion y , which ferves for all forts of 

curves ; then the; equation reduced, and the fluents 
taken, will give the fluentlal equation of the curve 
fought. 

jEa-. I. To find the curve line w'hofe fubtangent is 

— Here — = ; hence 2 yy zz axi and the 

^ ^ ^ . ui 

fluents of this.give y* = ax^ the equation to a paranoia, 

wEich therefore iS' the curve fought. 

Ex, 2, To find the curve whofc fubtangent i* 


~ , or a third proportional to 2a ^ x and y^ 

za^x 


pjerc — =s j. hence yy = zax — xx^ the fluents 
20^-^ X y ^ 

of which give y* = aar - a*, the equation to a circle, 
which therefore is the curve fought*, * 
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TANTALIJS*3 Cup^ ip Hydraulics, is a cup, as 
/V with a hole in the bottom, and 
the longer kg of a fyphon BCEl) 
cemented into the hole ; fo that the 
end D of the fhorter leg DE may 
ftlway* touch the bottom of the cup 
w-chin. Then, if water be poured 
hito this cup, it will rife in the Ihortf r 
K'g by its upward prefTure, extruding 
tile air before it through the longer 
leg, and when the cup is filled above 
the bend of the fyphon at E, the 
prtffureof the water in the cup will 
force it over the bend; from whence 
it willdcfeend in the longer leg EE, 
and through the bottom at G, till the cup he quite 
emptied. The kgs of this fyphon arc almoll clofc 
together, and it is fomeUnH's conccah'd by a fmall 
liollow llatue, or figure of a man placed over it ; the 
bend E being within the neck of the figure as high as 
the chin. So that poor tliii lly d’antalus hands up to 
ihechin In w'atcr, according to the fable, imagining it 
will rile a little iiightr, as more water is poured in, and 
lie may drink ; but iniUad of tliat, when the water 
comes u-p to his chin, it immediately Ix-giuBto defeend, 
and therefore, as lie cannot (loop to follow it, he is 
left as much tormented with thkil as ever. Eciguton^s 
LuT. p. 72, 410. 

T ARRAN nUS (Lucius), furnamed FtrmanuSf 
becaufc he was a native of Finnum, a town in Italy, 
fiourinied at the fame time with Cicero, and was one 
of his fiiends. He was a mathematical philofopher, 
aiivl therefoie was thought to have great Ikill in judicial 
adrology. He was particularly famous by two horo- 
fcopes which he drew, the one the hordfeope of Romu- 
lus, and the other of Rome. Plutarch fays, Varro, 
who was the mod learned of the Romans in hillory, 
had a particular friend named Tarrantius, wdio, out of 
curiolity, applied himfelf to draw horofeopes, by means 
of agronomical tables, and w^as efteemed the mod emi- 
nent in his time.” Hidorians controvert feme particular 
ciicumftances of hia calculations ; but all agree in con- 
ftiring on him the honorary UlU Prince of ajirologtru , 

TARTAGLIA, or Tartalea (Nicholas), a 
noted mathematician w'ha was born at Brefcia in Italy, 
probably towards the contlufion of the 1 5th century, as 
•we find he was a confiderable mader or preceptor in 
mathematics in the year 1521, when the fird of his 
colleilion of quedions and anfwers was written, which 
he afterwards publiflied in the year 15^)6, undei the 
title of ^ejiti et Inveniioni diverfe, at Venice, where 
he then r elided as a public kdurer on mathematic?, he 
having removed to this place about the year 1 ) 34 ’ 
This work confifts of 9 chapters, containing anlwers to 
a number of quedions^on ail the different branches of 
mathematics and philofophy then in vogue. 1 he lad 
■or 9th of thefe, contains the quedions in Algebra, 
among which are ihofe celebrated letters and com- 
munications between Tartalea and Cardan, by winch 
our author put the bttcr in. poffclTion of the rules lor 
cubic equations, which he firft difeovered in the year 
15^0. 

hut the fird work of Tartalca^s that was publidied, 
^as his Kova Hcientia inventa, in 410, at Venice m 



1537. This is a treatife on the theory and pra^lke of 
gunnery, and the lirll of the kind, he being the fird 
writer on the fliglit and-prith of halls and ditl!?, Tliia 
work w'as tranflattd Into En;’]i(h, by Lucar, and printed 
at London in 1 ^ 88 , in folio, with many notes and 
additions by the tranllator. 

"J'artalca piiblilhcd at Venice, In folio, i$ 43 » the 
whole books of lilnclid, accompanied with many cut iou« 
notes and commentai ies. 

lint the lad and chief woik of Tartalea, was bis 
Tratiato di Kumeri et M'tjurc^ in folio, 15<;6 and 
1560. This 13 an univerfal treatife on arlihint tic, al- 
gebia, gconictiy, menfnration, &c. It contains many 
other curious particulars of the difputii,', between onr 
author and Caidan, which ended only w'ith the death 
of Taitalea, before the lad part of lliis w'oik was pub- 
liflied, or about the year 15^8. 

For many other civcnmlbmces concerning Tartalea 
and his writings, fee the article Ai.GiiiiiRA, sob 1, 
pa. 73. 

TATIUS (AciiiLLTs), an ancient Greek writer 
of Alexandria ; but the age he lived in is uncertain. 
According to Siiidas, who calls him Stalins, he wan 
at fird a Heathen, then a Chridian, and afterwards a 
bilhop. He wrote a book upon the Spbeie, which 
feems to have been noiliing inure than a ( ominentary 
upon Aratus. Pait of it is extant, and was traiiflated 
into Latin by fatlier Petasins, undei the title of 
in PJMnomtnn /Irnti, He wrote alfo, OJ the uf 

Ciptophon and Lciuppe^ in 8 books, lie ib well fpokeii 
of by Photius. 

TAURUS, the Bully In Adronomy, one of llie 12 
figns in the zoebac, and the fecond in order. 

The Greeks fabled that tin's was tlie hull wlileli 
cairied Europa fafencrofs the feas to Crete; and that 
Jupiter, ill reward for fo iignal a fcivlce, placed the 
creature, whofc form he had afl’umtd on that occalion, 
among tliedars, and that this is the eonllellation formed 
of it. but ii is probable that the Egyptians, or Baby- 
lonians, or whoever invented the cOnlUilations of the 
zodiac, placed this figure in tliat pait of it whicli the 
fun eritered about the time of llie bringing fortli of 
calves; like as tliey placed the lani in llie iird p.irt ol 
fpriiig, as the lambs appear befoic tbtin, atui the two 
kids (for that was the origin.d fignic of ifie fign 
Gemini), afleiward, to denote i)ic tune of the goats 
bringing forth their young. 

In the conilellation ihiunis there arc fome remarkable 
dars that have names ; as Aldebarun in lift: fouth or 
right eye of the bull, the cinder called the Pleiades in 
the neck, and the cludei called IL.ides in tlieface. 

The dars in the coudellation 'j’anins, in ITolomy’s 
catalogue are 44, in Tycho^s catalogue 43, in Hevc- 
lius’s catalogue 31, and in the Britannic catalogue 141. 

TEliE'G or Thevi. r, the 4th month of the civil 
year of the Hebrew's, and the loih of their ccclefiadical 
year. It anfweied to part of our December and Janu- 
ary, and had only 29 days. 

TEETH, of various foits of machines, as of mill 
wheels, &c. Thefe arc often called cogs by tlie work- 
men ; and by working in the pinions, rounds, or trun- 
dles, the wheels arc made to turn one another. 

Mr. Emerfon (in his Mechanics, propi 25), treats 
of the theory of Teeth, and (hews that they ought to 
4 C 2 have 
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, llav^ the figure of epicycloids, for properly working in 
one another. Camus too (In his Coiirs ae Mathema- 
tique, tom. 2, p. 349, &c, Edit. 1767) treats more 
fully on the fame liibjcA ; and demonftrates that the 
Teeth of the two wheels fiiould have the figures of 
epicycloids, but that the generating circles of thefe 
epicycloids Ihoiild have their diameters only the half of 
what Mr. Emerfon makes them. 

Mr. Emeifon ohferve?, that the Teeth ought not to 
aft upon one another before they arrive at the line 
which joins their centres. And though the inner or 
under iidts of the Teeth may be of any form ; yet it is 
better to make them both fidcs alike, which will fcjve 
to make the wheels turn backwards. Alfo a part may 
be cut away on the back of every Tooth, to make way 
for thofc of the other wheel. Aud the more Teeth that 
work together, the Ijctter ; at Ic ill one Tooth ftiould 
always begin before the other hath done working. 'I he 
I’eclh ouglit to be difpofed 111 fueh manner as not to 
tr )L:ble. or hinder one another, before tlicy Iktgin to 
work ; and the're fhould be a convenient length, depth 
and thicknefs given to them, as well for llrength, as 
that they may inoie cafily difengage themfcives. 

TKl.F.GKATH, a ntachine i)rought into ufe by 
the Trench nation, i.n the year 1793, t:ontrIved to 
Gominunicalc words or lignals from one pciTon to an- 
other at a gieatclifhuice, in a very Imall fpace of time. 

Ihe l elegiaph it feema was originally the invention 
of William Amontona, an ingenious philofophcr, born 
in Noirnandy in the year 1663. bee his life in this 
Diftionaiy, vol. i, pa. 105 ; whcie it is related that 
he pointed out a method to ac(pnint people at a great 
(liilanee, and in a very little time, with whatever one 
pieaied. This method wns as follows : let perfons be 
placed in feveral ftatious, at fuch diltances from each 
other, that, by the help of a tekfeope, a maji in one 
ilation may fee a Ijgnal made by the next before him : 
this pcrfoii immediately repeats the fame fignal to the 
third man ; and this again to a fourth, and fo on through 
all the llatiunsto the laif. 

1 ills, w'ith coufulerable improvements, it feems has 
lately be<n biought into ufe by the French, and called 
a Telegraph. It is faid they have availed thcmfelves 
of this contrivance to good purpofe, in the prefent war; 
and fiom the utility of the invention, it has aifo juil 
been brought into ufe in this country. 

'The following account of this cuiiovis inihument is 
copied from Bariere^ report in the fitting of the French 
Convention of Augull 1794.— “ The new-invented 
telegraphic language of lignals is an artful contrivance 
to tianfmit the ughts, in a peculiar language, from one 
dilUuce to another, by, means of machines, W'hich are 
placed 'at difl'crent dithiiccs, of from 12 to 15 miles 
from one another, fo that thcexpreflion reaches a very 
diftant phice in the fpace of a few' minutes. Laft year 
an experiment of this invention was tried in the prefence 
of feveral Commiflioncra of the Convention. From the 
favourable report wfich the latUr made of the efficacy of 
the comiivaiice, the Ctunmittee of Public Welfare tried 
every effort to edabllfh, by this means, a correfpoiidcnce 
between Paris and the frontier places, beginning with 
Lifle. Ahnoll a vvholetwcWcnioathhaBbecnfpcnt iocok 
k^Wrg the neceflary indrum^nts fiQrthetDachinea,and to 
tCftcU the people employed how to itfe them. At preienty 


tlie telegraphic linkage of fignals is prepared in fuch a 
manner, that a correspondence may be condufted with 
Lifle upon every fubjeft^ and that every thing, nay even 
proper names, may be exprefied ; an anfwer may be 
received, and the eorrcfpondence thus be renewed feveral 
times a day. The machines are the invention of Citizen 
Chappe, and were conftrufted under his own eye ; be 
alfo direfts their ellablifliment at Paris. They have the 
advantage of refifting the changes in the atmofphcrc, 
and theHnelcmcncies of the feafons. The only thing 
which can interrupt their effeft is, if the weather is fo 
very bad and turbid that the objefts and fignals cannot 
be dirtinguifhed. By this invention, remoicnefs and 
diftance ahmdl difappear ; aud all the communications 
of correfpondcnce are effefted with the rapidity of the 
twinkling of an eye. The operations of Goveiniuciu 
can be very much facllit'itcd by this contrivance, and 
the unltv of the Republic can be the more conlulidatul 
by the fpeedy communication with all Its parts. 1 iic 
preatcll advantage which can be derived fiom this cor- 
rclpondencc is, that, if onechooles, Its ohjeft fli-dl onlv 
he known to certain individuals, or to one individiia' 
alone, or to the extremities of atiy diilance ; fo tliii 
the Committee of Public Welfire may now corre‘'ponu 
with the Rcprtfcntativc of the People at Lifle Witlionf 
any other perfons getting acquainted with the object 
of the corrtfpondcncc. Hence it follows that, wete 
Lifle even belieged, w'e fliuuld know every thing at 
Paris that might happen in that place, and could lend 
thither the Dccix'cs of the Convention without the 
cnemy^s being able to difeover or to prevent it.’^ — The 
defeription and figure of the French machine, as given 
in fume Englifh prints, arc as follow. 

Jijtphwation of the Mdchine (I'tkgrnph') placed on the 
Mountain of Billvillr, near Paris y for the puipfe 
of communicating IntdligiHct* 

A A is abeam or raafl of wood, placed upright on 
a rifing ground (fig* 3> pk 28) which is about 15 01 
16 feet high. BB is a beam or balance, moving upon 
the centre A A. This balance-beam may be placed 
vertically, or horizontally, or any how inclined, h^' 
means of ftrong cords, which arc fixed to the wheel 
D, on the edge of which is a double groove, to receive 
the two chords. This balance is about 11 or fert 
long, ami 9 inches broad, having at the ends two pieces 
of wood CC, which likewife turn upon angles by means 
of four other cords that pafs through the axis of the 
tn^in balance, otberwife the balance would derange the 
cords 'r tfie pieces C are each about 3 feet long, and 
may be placed cither to the right or left, llraight or 
fquare with the balance-beam. By means of thele three, 
the combination of movement is faid to be very txten- 
five, remarkably fimple, and cafy to perform. Below 
is a fmall wooilen gouge or hut, in which a perfon is 
employed to obferve the movements of the machine* 
Xn the mountain nciiveft to this, another perfon is to 
repeat thefc movements, and a third to write them 
down. The time taken up for each movement is 2^ 
feconds ; cf vliicb the motion ilooc is 4 fcconds, tlie 
other 16 the machine is flationary. The ftations o 
this machine are about 3 or 4 leagues diftance ; am 
there *is An obfcitmtory near the Ciwaaiittec of 
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Safetjr to obfwve fhc motions of the lad, which is at 
BeliviUe. The figns are fometimes made in words, 
and fometimes in letters ; when in words, a fmall 
13 hoifted, and, as the alphabet may be changed at 
pleafure, it is only the correiponding perfon who knows 
the meaning of the figns. In gcneial, news aie given 
eveiy day, about 11 or 13 o’clock ; but the people in 
the wooden gouge obferve from time to time, and, as 
fi*on as a certain fignal is given and anfwtred, they 
begin, from one end to the other, to move the machine. 
It is painted of a dark hi own colour. 

Such is the account given of the French invention. 
Various improved contrivanceR have been fince made 
in England, and a jxitnphlet has lately been publiHied, 
giving an account of fomc of them, by the Rev. J. 
Gamlrlc, under tlu* title of, ObJcrnKitions and Telegraphic 
UxptnmetUif from whence the fallowing remarks are 
extracted. 

The obje 6 l: propofed is, to obtain an intelligible 
figurative language, which may be didinguifhtd at a 
didance, and by which the obs ious delay in the difpatch 
of orders or information by mcilcngcr may bo avoided. 

On firit refledion we find tlie practical modes of 
fuch diftant communication mult l>e confined to Sound 
and Vifion. Kach ofwliich is in a great degree fiibjcCi 
to the Rate of the atmofphcre : as, independent of the 
wind’s dire(itiqji, it is known that the air is fometimes 
fo fir deprived of its elalticity, or whatever other qua- 
lity the conveyance of found depends on, that the 
licaviell ordnance is fcarce heard rartlier than the (hot 
flicb ; it isalfo well known, that in thick ha/.y weatiier 
the largcit objects become totally obfciired at a fiioit 
iliftance. No inRrument therefore defigned for the 
piirpofe can be perfedd. ^Ve can only endeavour to 
dirntmlh thefe irremediable clefcifs as much as may he. 

It leems the Romans had a method in their walled 
cities, either by a hollow formed in the mafonry, or 
by tubes affixed to it, fo to confine and augment found 
as to convey information to any part they wifheul ; and 
hi lofty houfefi it is now' fometimes the culioin to have 

pipe, by w'ay of fpeaking tiumpet, to give orders 
from the upper apartments to the lower : by this mode 
or tonfining found its volume may be earned to a veiy 
great diftaiice ; but beyond a ceitairr extent the loimd, 
loimg articulation, w'ould only convey alaim, not give 
diredtirms. 

Every city among the as’.ticnts bad its watch-towers ; 
and the cafira Rativa of the Romans, liad always fome 
Ipot, elevated cither by nature or art, from whence 
hgn.ils were given to the troops cantoned or foraging 
in the rie.’ghbourhood. But I believe they had not 
arrived to greater refinement than that on feeing a cer- 
Um fignal they were immediately to repair to their 
J^poiiued ftations* 

A beacon or bonfire made of the firft inflammable 
Hiaterials that offeied, as the mod obvious, is perhaps 
die moft antient mode of gcneial alarm ; and by being 
JVevioufly concerted, the number or point wlierc the 
appeared might have its particular intelligence 
Affixed. The fame obfervations may be refeired to the 
throwing up of rockets, wbofe number or point fiom 
'''hence thrown may have itsaflixed figniheation. 

Piags or enfigns with their various devices are of 
^arllclt invention^, efpecUliy at fea ; where, from the 
^ftidcaj which moil probably was that of a vane to 


fliew the dirciRion of the wind, they have been long 
adopted as the diftlngiiillu’ng mark or nations, and are 
now fo neatly combined by the ingenuity of a great 
naval commander, that by his fyftetn evciy requifite 
order and qiicllion is received and anfweicJ by the moli 
diflant fiiips of a ilect. 

To tlic adopting this or a firnilar mode in land fervicc, 
tlic f dlowmg are objedions : That in the latter cafe, 
the vjiicty of matter nccenaiy to be conveyed, is fo 
infinitely greater, that the eomljinan’ons would become 
too complicated. And if tliepciion for whom the in- 
forinition is intended flioiiU be in the diredion of the 
wind, the (lag would then ptdent a lliaiglit line only, 
and at a little dillance be Icaice vilible. d'he Rennans 
were fu well axvaie of this liieonvenli'iico of flags, tliat 
many of their ILuuliods were and the name n aiii- 

pulus denotes the riidell of ilieii inocles, wliich was a 
tiids of hay fixed on a pole. 

The principh* of water always keeping Its own levtl 
has been liii’gellid, as .1 mode ot conveying iiilelligeiice, 
by IV'lr. 1 ), in it 1 Brent, ol Rothei liillie, and put In pr.ui’tit e 
on a fmall leak*. As for example, fuppolc a p'pv Al> 
to teach from London to Jjuver, and to have a per- 



pendicular tube conneded to each extremity, ns AC 
and BD. Then, if the pipe be coiiilantly filled with 
water to a certain height, fis AF, it will alfo rife* to 
its level in the oppofite pei peiulicular tube BF; and if 
one incii of water be adden in the t:ibe AC, it will 
alinofl infl.intiy pioduce a fiinilir elevaf’on of the IwIk’* 
BD; fo that by cimiefporduig kife» s heuig adapted 
to the lubes AC and Bl), at diffeieal iKiglifs, mteil'- 
gcnce miglit be conveyed. Bui the rnc.tb<»d is li.Xk rf> 
flic'll objediona, that it is not likely it c.ui evirhe 
ado])tcd to facilitate the objed of veiy iliilatii coin* 
iDunication. 

Full as many, if not greater objedions, will peihups 
opeiatc .ig.iinll every un de of elediuity being ufed .is 
the vtliielc of information.' — And the iv'cinihte magni- 
tude of y>ainted or illuminated lelteia (dlers an unliir- 
mountable obflaclc; befideb, in tkeni one would 

be loll, that of the language being figiu alive. 

As to the French maefnne, it is evident tint to 
every angular change of the greater beam or of the 
lefftr end arms, a different letter or figure may be an. 
ncxed. But where the w'hole diflcrenee conlifis in the 
variation of the angle of the greater or lefl'er piect s, much 
error may he expeded, from the mac curacy t ither of the 
operator or the ohfeiver : be. 'ides otiur inconveniences 
arifing from the great magnitude of the machimry. 

Another idea is perfectly niiinen'cal ; which is to 
raife and deprtfs a flag or cuitain a certain number of 
times for each letter, according to a previoiifly conccrteel 
fyllcm : as, fuppofe one elevation to mean A, two 
to mean B, and fo on through the alphabet. But in" 
this caic, the lead inaccuracy in giving or noting tiu* 

number 
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4iiimt)er changes the letter ; and befides, the laft letters 
of the alphabet would be a tedious operation. 

Another method tint has been propofed, Is an in- 
genious Combination of the magnctical experiment of 
Coiiius, and the telcfcopic mierometer. But as this 
is only an impeife(f!t idea of Mr. Garnet’s very in|jcnIou3 
iM.iuun.*, deiciibed in the latter part of thisailicle, no 
taiilu r notice need be taken of it here. 

M:.( ramble then piopofes one on a new idea of his 
own. d ho pilnciple of it is limply that of a Venetian 
Idind, or rather what are called the Icvtr boards of a 
hrenlionie, W’hlth, when horizontal^ prelent fo fmall 
a All lace to the (lillant obferver, as to be loft to his 
view, bni ,iic capable of being in an inllant converted 
into a icieen ot a magnitude adapted to the required 
diilance of vilion. — Let AB and CD (hg* 4. pi, 28), 
t.vo upright ])olls fixed in tlie ground, and joined hy 
t ie biaces Bl) and KF, be coulidered as the frame 
work for 9 levo- boaids working upon centres in EB 
and Df, an 1 opening in three divilions hy iron lods 
eimneifted with each three of the lever boards. Let 
iihed and tf^b Ijc two leffer frames fixed to the great 
one, liaving ulfo three lever boauls in each, and moving 
by iron ro(!s» in the fame manrer as the others. If 
all thefe lods be brought fo near the ground as to be in 
the management oF the operntor, he will then have 
fi\e, ot whdt may be called, keys to play on. Now 
as each ot the handles ikhnn commands three lever 
boaidi', hy railing any one of them, and fixing it in 
its place by a catch or hook, it will give a diiferent 
appearance to the machine; and by the proper variation 
of thefe live movements, there will be moie than 25 
ot what may be called mutations, in each of which the 
machine exhibits a different appearance, and to which 
any letter or figure may be annexed at pleafure. 

Should it be required to give intelligence in more 
than one diredtiun, the whole machine may be eafily 
iqade to turn to difl'erent points on a ftrong centre, 
after the manner of a fingle-poA windmill — To life 
this macdiine by night, another frame mull be con- 
neded with the hack pait of the Telegraph, forraifing 
iive lamps, of different colours, behind the openings 
of the lever boards; liicfe lamps by night anfwcr for 
the openings hy day. 

M. Gamble gives alfo particular diredions for placing 
and ufiiig the machine, and for wilting down the 
fcvcial figures or movements. 

1 iliall now conclude this article with a fhort idea 
of Mr. John Garnet’s moll Ample and ingenious con- 
trivance. This is merely a bar or plank turning upon 
a centre, like the fail of a windmill, and being moved 
into any pofition, the dillant obferver turns the tube 
of a ttlefcope into the fame pofition, by bringing a 
fixed wire within it to coincide with or parallel to the 
bar, which is a thing extremely eafy to do. The cen- 
tre of motion of the bar has a fmall circle about it, 
with letters and figures around the circumference, and 
an index moving round with the bar, pointing to any 
letter or maik that the operator wifhes to fet the bar 
to, or to communicate to the obferver. The eye end 
of the tclefcope without hat a like index and circle, 
with the correfponding letters or other marks. The 
coflfcquence it obvious: the tclefcope being turned 
round till iu wire cover or become parallel to the bar. 


the index of the former neccffarily points out the fame 
letter or mark in its circle, as that of the latter, and 
the communication of fentlment is immediate and 
perfect. The ufe of this machine is fo eofy, that [ 
have feen it put into the hands of two common labour- 
ing men, who had never feen it before, and they have 
immediately held a quick and diftant converfation to- 
gether. 

The more particular defeription and figure of this 
machine, take as follows. ABDE (fig. 5, pi. 28), 
is the Telegraph, on whole centre of gravity C. about 
which it revolves, Is a fixed pin, which goes through 
a hole or focket in tlie firm upright poll G, and on 
the oppofite fide of which is fixed an index Cl. Con- 
centric to C, on the fame poll, is fixed a woodin or 
brafs cii'cle, of 6 or tS inches diameter, divided into ^{8 
equal parts, 2 \ of w’hich reprefent the letters of the 
alidiahet, and between tlie letters, numbers. So that 
the index, by means of the arm AB, may be moved 
to any letter or mmibcr. The length of the arm Ihould 
be 2I or 3 feet for eveiy mile of diilance. Two re- 
volving lainp.Kof ddtereiit colours fufpended occalionally 
at A and B, the ends of the arm, would ferve equally 
at night. 

Let ss (fig. 6, pi. 28) reprefent the fedion of the 
outward tube of a tclefct'pe [Perpendicular to itsa>'S, 
and .VA' the like Aciion ot the fiidmg or adjnllintr tuhi, 
on whieli is fixed an index 11 , On the part i/f the 
outward lube next to the obferver, there is fixed n 
circle of letters and numheis, fimdarly divided aiul 
fituated to the circle in figure 3; then the index II, 
by means cf the Hiding or adjulling tube, may Le 
turned to any letter or number. — Now theie being a 
ciofs hair, or fine filver wiie fgy fixed in the focus of 
the eye glafs, iu the .'’ame diredion as the index JI ; 
fo that when the aim AB (fig. 5) of the Telegraph 
is viewed at a dilhnee through the tclefcope, tlie crois 
hair may be turned, by means of the Aiding tube, t.i 
the fame diredion of the arm AB ; then the index U 
(fig. 6) will point to tlie fame letter or number on ns 
own circle, as the index 1 (fig. 5) points to on the 
Telegraphic circle. 

If, inAcad of ufing the letters and numbers to fc im 
w'ords at length, they be ufed as fignals, three motions 
of the arm will give above a hundred thoufand different 
fignals. 

TELESCOPE, an optical infirument which fei\c8 
for difeovering and view'ing diftant objeds, either di- 
redly by glalTes, or by refiedion, by means of fpecula, 
or mirrors. Accordingly, 

Telcfcopes are either refrading or refleding ; the 
former confiding of different Icnfc 9, through w'hich the 
objeds are feen by rays refraded through them to the 
eye; and the latter ot fpeculu, from which the raysaie 
refleded and pafted to .the eye. The lens or glafs 
turned towards tfie olyed, is called the 
and that next the eye, the eyc'glafs j and when the 
Tcdcfcope confiftb of more than two Itnfcs, all but that 
next the objed are called eyt-giafes. 

The invention of the Tclefcope is one of the nobleft 
and mod ufeful thefe ages have to*boaft of; by incani 
of it, the wonders of the heavens are difeovered to us, 
and aftronomy is brought to a degree of pcrftdion 
which former ages could have m> idea of. 
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Tlie difcotery indeed was owIn{v rather to chance 
than defign ; fo that it is the good fortune of the dif- 
cotcrer, rather than his (kill or ability, we arc in- 
debted to : on this account it concerns us the 
Icfs to know, who it was that firll hit upon this 
admirable invention. Be that as it may, it is certain 
it mud have been cafual, lince the theory it depends 
upon was not then known. 

John Baptifla Porta, a Neapolitan, according to 
Wolfius, firft made a TeltTcopc, which he infers from 
this pafTage iir the Magia NjtvraUs of that authoj, 
piinted in 1560: “ If you do but know how to join 
the two (viz, the concave and convex glafl'es) rightly 
** together, you will fee both remote and near objcids, 

“ much larger than they othervvlfe appear, and withal 
“ very didin£I. In this wc have been of good help 
** to many of oar friends, who either faw remote 
things dimly, or near ones confufcdly ; and have 
“ made them fee every thing pejfedlly.’^ 

But it is certain, that Porta did not iindeidand his 
own invention, and therefore neither troubled hitnklf 
to bring it to a greater perfection, nor evei applied it 
to celedial oblervation. Belides, the account given by 
Porta of his concave and convex lenfes, is (o daik and 
indlllirnt, that Kepler, who examined it by deliic of 
the emperor Rudolph, declai*cd to that pilnce, that it 
was perfc6tly unintelligible. 

Thirty years afterwards, or in 1590, a Telefcopc 
16 inches long was made, and prefented to prince 
Maurice of Naffau, by a fpetacle maker cf Middle 
burg: but authurs are divided about his name. Sir- 
tnrus, in a treatife on the Tclefcope, printed in 161 S, 
will have it to be John Lippciflieim : and Boiclli, 
in a voluine exprefsly on the inventor of the Telc- 
fvuipe, publiOit^ in 161; 5, fhews tint it vvas /^acharlas 
janfen, or, as Wolfius writes it, Hanfen, 

Now the invention of Lipperfheim is fixed by fome 
ia the year 1609, andbyotheis in 1605 : I'onlaiia, in 
his Nova Qhfdrvuiiones C^hjliuni et Ttn ejlrium Neiuin^ 
printed at Naples in 1646, claims the invention in the 
year i6o8» But Borelli^s account of the difeovery of 
TLltfeopcs is fo circumflantial, and fo well aulheriti- 
tated, as to render it very probiible tliat Janfen was 
the original inventor. 

Ill 1620, James Metius of Alcmaer, bToiher of 
Adrian Metius who was proftflbr of mathemativs at 
Franeker, came with Drebel to Middlcburg, and there 
bought Telefcopes of Janfen’s children, vvlio li.'ul made 
them public ; and yet this dr. Metius has given his 
brother the honour of the invention, in which too he 
ismitlakenly followed by Defcartes. 

But none of thefe arliticeis made Tthfcopcs of 
above a foot and a half : Simon Marins in Germany, 
and Galileo-in Italy, it is faid, fnft made long ones lit 
for. celeftial obfervations 5 though, from the recently 
difeovered adronomlcal papers of the celebrated Id*^^ 
tiot, author of the Algebra, it appears that he mull 
have made ufe of Telcfcopcs In viewing the folar ma- 
cula, which be did quite as early as they were obh^v- 
cd by Galileo, Whether Harriot made his own 
Tclefcopes, or whether he had them from Holland, 
does not appear : it feems however that Galileo s 
made by hirnfelf ; for Le Roffi relates, that Galileo, 
heing tMtt at VenicCi was told of a fort of optic glaU 


made in Holland, which brought objeiils nearer : upoir 
which, felting hirnfelf to think liow it fliouKl be, he 
ground two pieces of glafs into form as well as he 
could, and fitted them to the two ends of an organ- 
pipe ; and with thefe he fhew'ed at once all the won- 
ders of the invention to the Venetiant>, on the top v>t 
the tow'cr of St. Mark, The f.nnc author adds, that 
from this time Galileo devoted himftlf wholly to the 
improving and perfe6;iiig the 'IMeieopc ; and that he 
lunce almtdl d>.fervcd all the honour iifinlly done him, 
of being leputed the inventor of the inlliniiient, arvl 
of its being fiom linn cal]..‘d Gii/iLo\f O/h* Gahleo 
hlmfelf, in his Nun'ius SuJ rcus, pnblilln-d in 1610, 
acknowledges that he fiiil hc.iid of the inllimneiit from 
a (jcrman ; and that, hung meuly iidorinetl of its 
cfleifts, liillby common iep‘)tt, jiid a few flays after 
by letter from a I'hench gentlunaii, James Badovere, 
at Paris, lie hiinfelf difeovered the conili m'lion by cou- 
fi dering the nature (jt rcfi action. Mcad lsiii his S'/ig- 
gi/itori’f tliat he was at Wmicc wlieii lie heard of tlic 
of piincc M.uiiice’'j iiilhiiiiuiit, but nothing 
of its confiiuClion ; that the lirll night after his latui* 
to Padua, he lolvcil the problem, and made liis inilrn- 
ment the next day, and loon after prefented It to the 
Doge of V^cnlee, who, In honour of his grand inven- 
tion, gave him thedikal letters, wlneh fettled him I’or 
life in liis le»fturc(hip, at Padin, and doubled his lalary, 
wlileh then became treble of what any ol his prede- 
cenbrs had enjoyed hefoie. And tiins Oalllco may he 
confidered as an inventor ol the Tclefcope, though 
not the fii fl inventor. 

F. Mabillon indeed relates, in his travels tlirougli 
Italy, that in a monallcry of his fnvii oiilcr, lie faw a 
nianufinpt copy of the works of t'ornmelUir, wiitttn 
by one Coniadik, who lived In the 13th euifnry ; in 
the 3d page of which was ften a portrait (d idolimi}', 
viewing the liars through a tube of 4 ioints ordi.iwb: 
but that father dois not lay that the tube had glalks 
in it. Indeed it is moic than ];robahle, that fiuli tubcvS 
Wire tlun ufed foi no other purj>ofe but to d<.fend 
and direct the fight, ui to xndcr it inoie dilfimf’l, by 
fjngliiig ( lit the pailic'ilii object lookid at, and Ihutling 
out all the loieu'n rays lell'C^-’d from othtio, whole 
proximity might have rtndcM<l the imagi lela preciie. 
And this cf>njtCti:re is vtnbed Ly c x[)f nee ; ti/r wc 
have often obfervtd that wiilioul a tube, by only look- 
ing through tlie liaiul, or even the lingerb, or a pin- 
hole ill a paper, the obj'.'Cls appe.ir mou clear ami 
diflindthan otlKiv.ife. 

Be this as it may, it In cut«iu that the optical piiu- 
glples, upon which Tekreopcs aie founded, are con- 
tained in Fuclid, and were well known to the ancient 
gcomcliicians ; and it has been for want of attention to 
iheifi, that the world was lu long without that ad- 
mirable invention ; as doubtltfs thcic me many otlrcra 
l)ii)^ hid in the fame jiilnciphs, only waiting for rc- 
flcfftion or accident to bring thiun forth, 

To the foregoing' ablli act of the hillory of the Invent 
tiou of the Tf k fcope, it mny bu proper to add fume 
particulars relating to the claims of our own celebrated 
countryman, fiiar Bacon, wiio died in 1294* Mr, 
\V. Molyneux, in his Dioptrica Nova, pa. 2^6, de- 
clares his opinion, that Bacon did perfc^^ly well under* 
(land ii forts of optic gJ^lRs, and likewifc tl^ 

way 
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of corhblmng them, fo as to compbfe Tome fuch 
hiftrument as our Tclefcopc : and his forf; Samuel 
Molyneux, aflerts more pofitively, that the invention 
of Telefcopcs, in its firft original, was certainly put in 
pra6ticc by an Englifliman, friar Bacon ; although its 
firft application to aftronomical purpofes may probably 
be aferibed to (jalilco. The paflages to which Mr. 
Molyneux refers, in fupport of Bacon’s claims, occur 
ill his Opus Mdjus, pa. 348 and 357 of Jebb’s edit. 

1 773. ’riie firll ij as follows : Si n)ero non fint corpora 
plana ) per qua vifut ridet^ fed /phittht tunc ejl niagna 
diver fitas ; nam vei cotuavitaf corporis ejl verfus oculum 
vel convexitas : whence it is infeired, that he knew 
what a concave and a convex glafs was. The fccond 
is comprifed in a whole chapter, where he lays, l)e 
vijione frnHii majora funt ; nam de facili patet per cano- 
nes fupra dittos^ quod maxima pojfunt apparere minima^ et 
e contra ^ et loii^e dijlantia videhntur propinqwjjtfne, et e 
converfo, Nam poffu'iius Jic jigui are perffuua^ et taJiter 
ea ordinal e refpcdu tioftri •vifus et rcrumy quod frangentur 
rndii^ et jli tlcntur quorfumeunque voluerimut, ut fub qno^ 
cunqiie anotilo voluerimusy videbirnus rem prope vel longCy 
BV. Sic eiiam faceremus folcm et luna-n et Jteflas defctn^ 
dere f'lundum apparentiam hie infer ius^ : that is. 
Greater things than thefe may be performed by rc- 
fra(!^ed vifion ; for it is eafy to undciiland by the 
canons above mentioned, that the greateft things may 
appear exceeding fmall, and the conti*ary ; alfo that the 
mod remote obje^ls may appear juft at hand, and the 
converfe ; for we can give fuch figures to tranfparent 
bodies, and difpofe them in fuch order with refpetfl to 
the eye and the objeds, that the rays fliall be refrackd 
and bent towards any place we plcafe } fo that we 
fiiall fee the objed near at hand or at a diftance, under 
any angle we pleafe, &c. So that thus the fun, moon, 
and ftars may he made to defcend hither in appearance, 
^c, Mr. Molyneux has alfo cited another pafiage out 
of Bacon’s E|)iiUc ad Parlfienfcm, of the Secrets of 
Art and Nature, cap, 5, to this purpofe, Pojfunt 
eftam ftc fgurari prrfpiaw, ut longjfme po/lta appareant 
propinquay et e conirario ; ila quod ex incredibdi dl/lan~ 
tin Itgeremus Utcras minutijjmasy et numeraremus res quan- 
tumquo parvas, et fielks faceremus apparere quo velle- 
rnus : tliat is, Glalfes, or diaphanous bodies may be fo 
foiined, that the moll remote objeds may appear juft 
at hand, and the contrary ; fo that we may read the 
fmallell letters at an incredible diftance, and may num- 
ber things though never fo fmall, and may make the 
ilais appear as near as we pleafe. 

Moreover, Dodor Jebb, in the dedication of his 
edition of the Opus Majiis, produces a palTage from a 
inanufeript, to Ihew that Bacon adually applied Tele- 
fc'opesto aftronomical purpofes : Sc d huge magis quam 
hacy fays he, oporteret homines hakeriy qni bency immo 
optimfy firent ptrfpeQivam et injlrumenta ejus — ({uia in^ 
Jirumenta ajlfum^mta non vadunt niji per vifionem fecundum 
leges iftius feientia* 

From thefe paifages, it is not unreafonablc t(J con- 
clude, that Bacon had adually combined glalfes fo as to 
have produced the effeds w^hich he mentions, though 
he did not complete the conftrudion of Telefcopcs. 
Dr, Hmith, however, to whofe judgment mrticular de- 
ference is due, IS of opinion that the celebrated friar 
ypiroie hypothetically, having made any adual 


trial of the tbingjs be mentions : to which |mrpofe he 
obferVes, that this author docs not one finglc 
trial or obfervation upon the fun or moon, or any thing 
elfc, though he mentions th^m both : on the other 
hand, he imagines fomc cfFcds of Telefcopcs that can- 
not polTibly be performed by them. He adds, that 
perfons unexperienced in looking through Telefcopes 
exped, in viewing any objed, as for inuance the face 
of a man, at the diftance of one hundred yards, through 
a Telefcopc that magnifies one hundred times, that it 
will appear much larger than when they are clofe to 
it ; this he is fatisfied was ljacon‘’s notion of the mat- 
ter ; and hence he concludes that he had never looked 
through a Telefcopc, 

It is remarkable that there is a palTage in Thomas 
Digges’s Stratioticos, pa. 359, where he affirms tliat 
his father, Leonard Digger among other curious prac- 
tices, had a method of difeovciing, by perfpedive 
glalfes let at due angles, all objeds pretty far diftant 
that the fun Ihonc upon, which lay in the country 
round about ; and that this was by the help of a manii- 
feript book of Roger B.3Con of Oxford, who he con- 
ceived was thc only man befides his father (lincc Archi- 
medes) who knew it. This is the more remaikable, 
bccaufetlie Stratioticos was firll printed in 1579, mote 
than 30 years before Metius or Galileo made their dif- 
covery of thofe glalfes ; and therefore it has lienee been 
thought that Roger Bacon was the firll inventor of 
Telefcopcs, and Leonard Digges the next reviver of 
them. But from what 'rhonias Digges fays of this 
matter, it would feem that the inilrument of Bacon, 
and of his father, was fomething of the nature of t 
camera obfeura, or, if it were a Telefcopc, that it 
was of the refle£ting kind ; although the term pcrjpcc^ 
five glafs feems to favour a contrary opinion. 

There is alfo another pafiage to the fame ofTcd in the 
preface to the Pantometria of Leonard Digges, but 
publifhed by his fou Thomas Digges, fome time beloic 
the Stratioticos, and a fecond tlme in the year 1591* 
The pafiage runs thus: My father by his contlnuall 
painfull pradifesy ajjijled •with demonjlrafions mathtma- 
ftcaly was abUy and fundrie times hath by Propor- 
tional Glajfis duely fituate in convenient angles y not only 
difcover^l things far re ajfy read letters^ numbered pieces 
of money •with the very coyne and fuperfcripfion thereof, 
caji by fome of his friends of purpofe upon downes ui 
open Jieldsy but alfo feven mylcs off declared •what had) 
heene doom at that injlant in private places : He hath alfo 
fundrie times by the funne beames fixed (fiiould be^rr^/^ 
powdery and . ‘Margde ordinance halfe a mile and more 
diflantey See, 

But to whomfoever we aferibe the honour of full 
inventing the Telefcopc, the rationale of this admi- 
rable inilrument, depending on the refradion of hglit 
in pafiing through mediums of different forms, was nrft 
explained by the celebrated Kepler, who alfo pointed 

out methods of conftruding others, of fuperior povvers» 

and more commodious applicatiQn, than that firft ufeu: 
though fomething of the fame kind, it is faid, was 
alfo done by Maurolycus, whofe treatife De Lumme 
et Umbra waspublilhed in 1575. 

"The Principal Effeds of Telescopes, depend 
this plain maxim, viz, that objeds appear larger in 
proportion to the angles which they fubiead at t 
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«ye., wd ^efiea ij the fame, whether the pencils of 
ray», W •hfeh otMetti are nfihle to us, come dircaiv 
from the obje<a» thcmfclves, or from any place nearer 
to the ey«, inrliere they may have been united, fo as to 
form an ttmge of the objcH ; becaufe they ilfuc ajrain 
from thofe points in certain diredtions, in the fime 
manner as* they did from the correfponding poinig in the 
objeas ihcmfelvea. In fpd therefore, all that is effcacd 
by a Tclcfcope, is firft to make fuch an image of a 
diftant objea, by means of a lens or mirror, and then 
to give the eye fomc afTiilance for viewing that image as 
near as poffible j fo that the angle, which it Hiall fub- of it 
tend at the eye, may be very large, compared with the 
angle which the objea itfclf would fubtend in the fame 
htuation. This is done by means of an eyc-glafs, which 
fo refrads the pencils of rays, as that they may after* 
wards be brought to their feveral foci, by the natural 
humours of the eye. But if the eye had bem fo 
formed as to be able to fee the image, with fufiicient 
diftinanefs, at the fame dillance, without an eyc-glafs, 
it would appear to him as much magnified, as it does 
10 another perfon who makes ufe of a glafs for that 
purpofe, though he would not iu all cafes have fo large 
a field of viev\\ ° 

Althwgh no image be aduaUy formed by the foci 
of the pencil without the eye, yet if, by'^the help of 
en eye-glals, the pencils of rays lhall enter the pupil, 
juft as they would have done from any place without the 
eye, the vifual angle will be the fame as if an image 
had been adually formed in that place. Prieftlcy's 
Idiflory of Light &c, pa. 69, $cc, 

to the Grinding •/ Teltfcopic Glojfef, the firft per* 
fo?s who diftinguilhed thetnfelves in that way, w'erc 
two Italians, Eiiftachio Divini at Rome, and Campani 
at bologna, whofe fame was much fuperior to that of 
Divini, or that of any other perfon of his time ; though 
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iJivini himfclf pretended, that in all the trials that 
were made with their glalTes, his of a great focal dif- 
tance performed better than thofe of Campani, and 
that his rival was not willing to try them faiily, vi/, 
uitli equal cye.glafles. It is however generally fuppofed, 
that Campani really excelled Divini, both iu the good- 
nefsandtbe focal length of his objca^glalTes. 

It was with Can^ni’s Telefcopes that Cafiini dif- 
covered the neareft latellites of Saturn. Tin. y were made 
QA ^ expi'cfs defilre of Lewis XIV, and were of 
S6, 1 00, and 156, Paris feet focal length. 

Camp^ni's laboratory was purchafed, after his death, 
by pop^ Benedi^ XIV, who made a.prefcnt of it 10 
the academy at Bologna called the Inftitutc ; and by 
the account which Fougcroux has given, we learn that 
k ® machine whitdi Campani conllrutftcd, to work 
the batons on which he ground his glaffes) the good- 
depended upon the deamefs of his 
i-A Venetian- tripoli, the paper with which he 

^ gl^tflcs, and hts great Ikill and addrefs as a 

workman. It doea not appear that he made many 
enfci of a irery great ftical diftance. Accordingly Dr, 
0rAably fpeaks wfib the partiality of an 
^ghfhtnan, fays that fomc glaffes, made by Divini and 


were the moft celebrated in England. n> ffiinders of 
o^ic gM^ made/otne good reltffcope. of jo. and 
6o f et focal diftana- , nnlhlr. Coa made one of too, 
bnt how good Dr Hook could not .(Tert. Borclli alfo 

a great focal length, 
one of whjeh he prefented to the Royal Society. But, 
with rcfpea to the focal length of Telcfcopta, thefe 
and all other* were far exceeded by thofe of Auzout, 
who made one cbjca-glafa of 600 feet focu» j but 
be was able to manage it, fo .13 to make any ufe 
Ot It. And liirtfoeker, it is faid, made fome of a ftill 
greaterfocal length. Phllof. Ttanf. Abr. vol. i, p. to,. 
Hook 3 kxper. by Derham, p. ;6l. Prlcllley at 
above, p. 21 1. See GRiNniNC. 

Telefcopes arc of feveral kinds, dillliigiiinied by the 
number and form of their Icnfcs, or glaifcn, and deno- 
minaled from their particular ufes &c t foch are the 
l^rep,„l or hnd r.hfcope, the crlrjlial or aPotumical 

n ‘'"t or 

"" " thcrpal„g Tdrfeopr, the refraaint 

ipppr, the acrid Tclrfcopt, achr, matte Telefrop,, t^e. 

idtUos, or the Vutih Tdc/cope, is one con- 
f. ling of a convex objea.glafs, and a concave eye. 
gw/';. _ ’ 

Thia is the mod ancient form of any, being the only 
kind made by the inventors, tJalileo, &c. or known, 
before Huygens. Thefirll Telefcope, conflruacd hi 
Oah eo, magiiilied only 5 times j but lie foon made 
another, which magnified 18 times 1 and afterwards, 
with great trouble and cxpence, he conilnifted one that 
33 times } with which he difeovered the 
latellites, of Jupiter, and the fpots of the fun. ^Jhe 
conftniaion, properties. of it, are as follow: 

Cmjhuakn of Gdileo’s, or the Dutch Ttcasrop*. 
In a tube prepared for the purpofe, at one end Is fitted 
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a convex objea lens* either a plain convex, or convex 
on both fides, but a fegment of a very hirgc fplierc* ; 
at the other end is fitted an eye glafs, coni’avc on both 
fidcs, and tlic fegment of a lefs fpheiv, fo difpofed as 
to be at the diftance of the virtual fotiu bclore the 
image of the convex lens. 

Let AB (fig. 10, pi. 2^) be.„a diftant obj<,(^I, from 
every point of vvliich ptncils of rays ilinc, and billing 
upon the convex glafs Di:, tend to vheir foci at FySG’! 
But a concave lens III (the locus of which is at FG) 
being interpofed, the converging rays of each pencil 
arc made parallel when they reach the pupil; fo that 
by the refrai^tivc himiours of the eye, they c.in eafdy be 
brought to a focus on the retina at ?R(^ Alfo the 
pencils thcmfelvcs diverging, as if they eriinc fiom X, 
MX(I is the angle under which the image will appear, 
which is much larger than the angle under which the 
objedl itfelf would have appeared. Such then is the 
Tclcfcope that was at firft difeovered and uled by phi- 
lofophers : the great inconvenknee of which is, that 
the field of view-, which depend , not on the breadth 
of the cyc-g^ais* as in the aftronomical Telefcope, but 
upon the -breadth of the pupil of the eye, is exceeding* 
ly fmall i for fince the pencils of the rays enter tbr 
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at the patience and addrefg with which Galileo and 
Others, with fuch an inttrument, made the difcoverics 
they did. And yet no other Telefcope was thought 
of for many years after the difeovery, Dejfcartes, 
who wrote 30 years after, mentions no other as 
actually con(lru£ted, though Kepler had fuggefted fomc. 
Hence, 

1. In an Inflrument thus framed, all people, except 
myopes, or lliort- lighted perfona, mull fee obje<fts 
dlilindly in an eredl lltuatlon, and Increafed in the 
ratio of the dillance of the virtual focus of the eye- 
glafs, to the dillance of the focus of the obje6l glafs. 

2. But for myopes to fee objects diflindly thro- gli 
fuch an inllrument, the eye-glafs mull be fet nearer the 
objecl-glafs, fo tliat the rays of each pencil may not 
emerge parallel, but may fall diverging upon the eye ; 
in which cafe the apparent magnitude will be altered a 
little, though I'eaice fenlibly. 

3. Since the focus of a plano-convex obje^l lens, 
and the vertical focuB of a plano-concave eyc-Iens, are 
at the dillance of the diameter} and the focus of an 
object glafs convex on both lldes, and the vertical focus 
of an cye-glafs concave on both lides, are at the dif- 
tance of a femidiameter ; If the objed-glafs be plano- 
convex, and the eyc-glafs plano-concave, tire Tchfeope 
will increafe the diameter of the object, in 4 he ratio of 
the diameter of the concavity to that of the convexity ; 
If the <il)jcd- glafs be convex on both Tides, and the 
cye-glafs concave on both lides, it will magnify in the 
ratio ol the feniidiamtter of tlie concavity to that of 
the convexity: if the objed-glafs be plano-convex, 
and the cye-glnfs concave on both fidcs, the femidiame- 
ter of the obie^l will be increafed in the ratio of the 
diameter of the convexity to the femidiameter of the 
(ioncavity ; and lallly, if the objedb-glafs be convex on 
both fidcs, and the cye-glafs plano-concave, the increafe 
will be ill the ratio oF the diamt ler of the concavity 
to the femidiameter of the convexity. 

4. Since the ratio of tlie femidiameters is the fame 
aj that of the diameters, Telcfcopes magnify the obje£l 
in the fame manner, whether the ohjert-gl.ils be plano- 
convex, and the tye-glafs plano-concave; or whether 
the one be convex on both fide?, and the other concave 
on both. 

5. Since tlie femidiameter of tlie concavity has a 
lefs ratio to the diameter of the convexity than Its dia- 
meter has, a Tcltfcopc magnifies more if the objeCl- 
glafs be plano-convex, than if it be convex on both 
fides. The cafe is the fame if tlie cye-gUfs be concave 
on both tides, and not plano-concave. 

6. The greater the diameter of the objed-glafs, and 
the lefs that of the eyc-glafs, the lefs ratio has the 
diameter of the objedl, viewed with tlic naked eye, 
to its femidiameter when viewed with a Telefcope, 
and confequeutly the more is the objed magnified 
by it. 

7. Since a Telefcope exhibits fo much a lefs part 
of the objtd, as itmcreafca its diameter more, forthia 
rcafon, mathematicians were determined to look out 
fur another Tclefpope, after having clearly found the 
imptrfedion of the firft, which was difeovered by 
chance. Nor were their endeavours vain, as ap- 
juiars from the agronomical Telefcope deferibed below. 

If the femidiameter of the eye-glafs have too fmaU 


a ratio to tliat of the objed-glafs, an objed through 
the Telefcope will not 'appear fufficiently clear, be- 
caufe the great divergency of the rays will occafion 
the -fevcrai pencils reprefeating the feveral points of 
the objed on the retina, to con (id of too few rays. 

It is alfo found that equal objed-lenfes will not bear 
the fame eyt-lcnfes, if they be differently tranfparent, 
or if there be a difference in their polifii ; a lefs tianf- 
parent objed -glafs, or one lefs accurately ground, re- 
quiiing a more fpherical eyc-glafs than another more 
tranfparent. See, 

Hcvcliiis recommends an objcd-glafs convex on both 
Tides, wliofe diameter is 4 feet ; and an eye-glifs con- 
cave on botli Tides, whofe diameter is 4*- tenths of a 
foot. An objtd-glafs, e(|u:illy convex on both fuic;, 
whofe diameter is 5 feet, he obferves, will requht 
an eyc-glals of J tenths; and a.lds, that the faire 
cye-glais will alfo ferve an objed-glafs of 8 or lo 
feet. 

lb neo, as the dldance between the ohjcd-glafs and 
cyc-glviK. is tlie dindence between the liilldiiee of the 
veitical focus of the eye-glafs, and tlie dilLinee of tl e 
focus of ihc objed glifs; the lengtli of tlie tehfeoi e 
is had by fubtradlng that fiom this. That is, the 
length of the Telefcope is the diffeicnce between the 
diameters of the objedl-glafi ami cye-glafs, if the for- 
mer be plano-convex, and the latter plano-ccne.uL , 
or the dillereuce between the femidiaincteis of the 
objed-glafs and eye-gJafs, if tlic funner be coin ex 
on both fides^ and the latter concave on both ; o; 
the difference between the femidiameter of the ob- 
jcd-glafs and the diameter of the eye-glafs, if the for- 
mer be coiivex on both fidcs, and the latter jdai o 
concave; or laflly the difference between the diannier 
of the bbjedl-gbfs and the femidiameter of 
glafs, if the former be pi mo-convex, and the larb, 
concave on both Tides. Tims, for inllancc, if the 
diameter of an objed-glafs, convex on both fidcs, I c 
4 feet, and that of an eye glafs, concave on both luit-, 
be tenths of a foot ; then the length of the Tele- 
fcope will be i foot and 7J tenths. 

AJlronom’h'til Telescope ; this is one that ronGTis 
of an objed-glafs, and an cyc-glafs, both convex. It 
ia fo called from being wholly ufed in allronomical ob- 
fervations. 

It was Kepler who firft fuggeflcd the idea of this 
Telefcope ; having explained the rationale, and pointed 
out the advantages of it in his Catoptrics, in i6n. 
But the Tull perfon who adiially made an inllrument ot 
this conftrudion, was father Scheincr, who ha8gi\^n 
a defeription of it in his Rofa Urlina, publlfhcd in 
1630. To this purpofe he fays, If you infeit two 
fimilar convex lenfes in a tube,' and place your eye at 
a convenient dillance, you will fee all terreftrial ob- 
jeds, inverted indeed, but magnified and very diHInd, 
with a confiderable extent of view. He afterwards 
fubjolned an account of a Telefcope of a dilFerent con* 
ftrudlon, with two convex cye-glalfcs, which again re- 
verfesthe images, and makes them appear in their na- 
tural pofition. Father Reita however foon after pro- 
pofed a better conllrudion, ufing 'three eye-glafles ia- 
Head of two. 

ConfiruH'm of the AJlronmlcal Telescope. The 
lube being prepared, an objed-glafs, either plano-con- 
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vtX| or convex: on both fides, but a fcgmcnt of a large 
fphere, i« fitted in at one end ; and an eye-^glafs, convex 
on both fides, which is the fegment of a fmall fjdjcrc, 
is litted into the other end j at the common diftance of 
the fi)ci. 

Thus the rays of each pencil ilTuing from every 
point of the objedl: ABC, (fig. 3 pi. 30) pafTnig 
through the objcft>glafs DEI’, become converging, 
ifnd meet in their foci at IHG, where an image of the 
6bjc’6d will be formed. If tlien another convex lens 
KM, of a fliortcr focal length, be fo placed, as that its 
"focus (hall be in IHO, the rays of each pencil, after 
palung thtough it, will become nearly parallel, foasto 
meet upon the retina, and form an enlarged image of 
the objecl at RST. If tlie procefs of the rays l)e 
traced, it will prefcntly be perceived that this image 
mull be inveired. For the pencil that ilTiies from A, 
lias its focus in G, and again in R, on the fame fide 
with A. But as there is always one inveifion in limple 
\ifi!jp, this want of Inverlion produces jiiil the reverie 
of the natural appearance. The field of \icw in this 
'^L’elelcope will be large, becaufe all the pencils that can 
1)0 icceived on tlie fiufacc of the lens KM, being con- 
veiging after pafliiig thiough it, aic tliK/Wu int«j tlie 
pup’.l of the eye, placed in the common inleifccdiun of 
the pencils at 1*. 

'Theory of the yJJJt otiomhal Tllfscopf. — An eye 
])ljced near the focus of the cye-glilj, of fuch a 'I’e- 
i(.rcope, will fee obje£ls clillindly, but in\crtccl, and 
magnified in the ratio of the dillancc of the focus of 
the eyc*gl'ifs to the dillancc of the focus of the objed- 

If the fphere of concavity in the eye glafs of the 
Galilean I’ekfcopc, be equal to the iplitre of con- 
xixity in the eye-glafs of another Telefeope, their 
magnifying power will be the fame. The concave 
glafs however being placed between the objed-glals and 
Its focus, the Galilean Telefeope will ])e fhorttr than 
the other, by twice the focal length of the eye-glafs. 
Confequently, if thchnglli of the Tclcfcopcs be the 
fame; the Galilean will have the greater magnif)iiig 
power. Vifion is alfo more dillind m thcfeTcIcfcopts, 
owing in part perhaps to tliere being no intermediate 
Image between the eye and the object. Befides, the 
eye-glafs being very tbin'in the centre, the lays will he 
Icfs liable to be dillortcd by irregularities in the fob- 
fiance of the glafs. Whatever be the caufe. we can 
fometimes fee Jupiter’s fatcllitcs very cleaily in a Ga- 
lilean Telefeope, of 20 inches or 2 feet long, vvlun 
one of 4 or 5; feet, of the common fort, will hardly 
make them vilible. 

As the allronomical Telefeope exhibits ohjeds in- 
verted, it ferves commodioufly enough for obfcrvmg 
the ftars, as it is not m'ateiial whether //vy be ftcii ered 
or inverted; but for terrcllrial objeds it is much Icfs 
proper, as the inverting often prevents them horn being 
known. But if a plane well-polilhed metal ipcculum, 
of an oval figure, and about an inch long, and in- 
clined to the axis in an angle of 45°, be placed be- 
behind the eye-glafs; then the eye, conveniently 
placed, will fee the image, hence refleded, in the 
i^arne magnitude as before, but in an ered fituation ; 
^d thcreforci by the addition of fuch a fpecuUm, the 


allronomical Telefeope is thus rendered fit to obferve 
tei refinal ohjeds. 

Since the focus of the glafs convex on both fides 
is difiant from the glaB itfclf a fcmidiainotcr, and that 
of a planoconvex glafs, .1 diameter; if the (,hj(d- 
glafs be convex on both fidcs, the 'fclcfcope will mag- 
nify tlie femidiameter of the olijcd, in the ratio of 
the diameter of the eye-glafs to the diameter of the 
objed-glafs ; but if the ohjcd-glafs be a plano-convex, 
in the ratio of the reniidiamctcr of the eyc-glafs to the 
diameter of the objcd-^lafs. And thcicfore a Tele- 
fcope magnifies more if the ohjed-glafs be a plano- 
convex, than if convex on both fide;^. And for the 
fame reafon, a Telefeope magnifies more wlien the eye- 
glafs is convex on botli fidcs, tiun when it is plaiio- 

COlUt X. 

A 'i’clefcopc magnlfiis the more, as the ohjed glafs 
is a fegment of a great fphere, and the eye-glafs of a 
Icfs one. And yet tlie eye-glafs mull not be too fmall 
ill refut'd of the ohjed-glnfs ; for if it be, it will not 
rehdtlra)S enough to the eye from eacli point of the 
ohjed ; nor will it fepaiatc fuiriciently thoie that come 
from difi’etent points; by whith means the vifion will 
be rendered obieure and toiilufid. — De Chales obftrves, 
that an objcd-lcns of 2,1 feet will rc(piire an cye-glafs 
of G tenth of a foot ; and an objci't-glafs of 8 or 10 
feet, an eve-gUfh of 4 tenths ; in which he is eoiifiuii- 
cd by Euftachio DIvini. 

To JJ:fjrten the AJlfonomical Tr cr scope ; that Is, 
to confiiud a Telefeope fu, as that, thowgli fliortcr 
tiian the common one, it fhall magnify as nuicli. 

Having pfovldeda drawing tube, fit in it an ohjed- 
lens EO which is a fegment of a moderate fpliete ; 



hi 


let the fiifi eye-glafs BD he conca've on both Ihles, and 
fo placed in the tube, as that the focus of the objid- 
gl.ifs A may be behind it, hut nearer to tlie cenlie of 
the concavity G: then will the imnge b” tlirown in 
fo as that GA : Gi : : AB ; 1 -afily, fit m 

another objed-gl.ifs, convex on both Tides, and a fig- 
ment of a finaller fphere, fo as that its focus maybe 
ill Ci. 

'I his Telefeope will magnify the diameter of the c!l- 
jed more than if the objed-glnf.s weie to repriferit its 
image at the fame dillancc i and eoiifcq'u ntly 
a fhortcr Tilefcopc, confirudtd uiis way,^ is Mjuiyu- 
lent to a longer in the common vv ly. See Wolfius 
Elcm. Matliu vol. 3, p. 2 4>. 

Sir Ifaac Newton furnilhts us witli another method 
of conftruding the Telefeope, rn his catoptrical or re* 
ficdlng Telefeope, tfie confinidion of which is given 
below. ' tWe yJfhromatic Telescoi’E. 

Aericti Ti LEscopt, a kind of afircwiomicar Tele- 
fcope, the lenfes of w hich arc ufed without a tube. In 
firidnefs however, the aerial Tekfeopje is rather 
particular mariner of mounting and rpanaging loriSg 
^ D 2 ' Telefcopft 
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Tclcfcopei for celcfeal obfcrvation- m the night- 
time, by which the trouble of long unwieldy tubes ia 
faved,^ than a particular kind of Telefcopc ; and the 
contrivance was one of Huygens’s. This invention 
was fiiccersfiilly praAifed by the inventor hlmfclf and 
others, particularly with us by Dr, Pound and Dr, 
Bradley, with an objed-glafs of laj ftet focal dif- 
tance, and an apparatus belonging to it, made and pre- 
fented by Huyjjens to the Royal Socic^, and defcribcd 
in his Adrofcopia Compcndiaria Tubi Optic! Mplimine 
Liberata, printed at the Hague in 1684, 

The principal parts of this Tclefcope mav be com- 
prehended from a view of fig. 4, pi. 30,' wl.ere AB is 
a long pole, or a mad, or.d high tree, &c, in a groove 
of which Hides a piece that carries a fniall tube LK 
hi wblc’n Is fixed an obje<fl glafs ; which tube is con- 
neded by a fine line, with another fmall tube DQ, 
W'hich contains tlie cye^glafs, See, 

La Hire contrived a little machine for managing the 
objedl-glafs which ia defcribcd Mem. de I’Acad. i/ij* 
See Smith’s Optics, book 3, chap. to. 

Hartfoeker, who made 'lelefcopes of a very con- 
fiderablc focal length, contrived a method of iifing 
them without a tube, by fixing them to the top of a 
tree, a high wall, or the roof of a houfe, MilccL 
Berol. vol. I, p. 261. 

Huygens’s great Telefcopc, with which Satuin’s 
tiue face, and one of his fatellltes were firil dif* 
covered, confids of an ubjcA-glafs of 12 feet, and 
sn tye-glafs of a little more than 3 inches; though he 
frequently ufed a Tclefcope of 23 feet king, with 
tAo cye-glafTes joined together, each i* inch dia- 
meter ; lo that the two were equal to one of 3 
inches. 

The fame author obferves, that an objed-glafs of 
30 feet requires an eye-glafs of inches ; and has 
given a table of proportions for conftrudiiig aftro- 
■omical Tclefcopcs, an abridgment of which is as 
follows : 


Did. of 
Foe. of 
Obj. Glaff. 

Diameter 

of 

Apert. 

Did, of 
Fot. of 
Eye-glafs, 

Power or 
Magnitude 
of Diam. 

Feet* 

' Inches 
and Decim. 

Inches 
and Decim. 



0*55 

0‘6i 

20 

2 

0*77 

0*85 

28 

3 

0*95 

ro5 

34 

4 

1*09 

. r2o 

40 

• ‘ 5 

1*23 


44 

6 

1*34 

A *47 

49 

1 

1*45 

1*60 

S3 

8 

J’5S 

r?^ 

56 

9 

. 1 64 

rSq 

60 

IO 

m 

1*90 

63 

. 15 

2*12 , 

2*33 

77 


*•45 

1*70 

89 



yot , 

100 


i*oo 

3*3P I 

109 

40 

3*4^ w 


uo 


7 


DIft. of 
Foe, of 
Objed-glafs. 

Diameter 
, of ' 
Apert. 

Djft. of 
Foe. of 
Eye-glafs. 

Power or 
Magnitude 
of l)iam. 

Feet# 

Inches 
and Pccim. 

Inches 
and Decim. 


50 

3’87 

4*26 

141 

60 

4*24 

4*66 

*54 

70 

4-58 

5-04 

i66 


4-90 

5’39 


90 

5‘20 

5*72 

I»Q 

100 

5*49 

6-03 

200 

1:0 

6'oo 

6 -60 

218 

140 

6-48 

7-12 

235 

160 

6*93 

7*62 

253 

180 

7*35 

8-09 

267 

200 

7*75 

8-53 

281 

220 

8-13 

8 ’93 

295 

2)0 

8-48 

9'33 

308 

260 

8-83 

</■;> 

321 

280 

9*i5 

10*08 

333 


9*19 

10-44 

345 

400 

10 * 9,5 

12*05 

4C0 

500 

I2‘25 

^ 3*47 

445 

600 

13-42 

1476 

48 8 


Dr. Smith (Rem.p. 78) obferves, that the magni- 
fying powers of this table are not fo great as Hiiv- 
gens himfelf intended, or as the bell objed-glafTes now 
made will admit of, * For the author, in his Aftrofeo- 
pia Compendiana, mentions an objeift-glafs of 34 feel 
focal didance, which, io adronomical obfervations, bore 
an cye-glafs of 2{- inches focal didance, and confequt’nt- 
ly magnified 16 j times. According to this dandard, 
a Telefcopc of 35 feet ought to magnify 166 times, 
and of 1 foot 28 times ; whereas the table allows but 
1 18 times to the former, and but 20 to the latter. 
Now IJ = *’4i hy which if we multiply the 

numbers in tlic given column of magnifying powers, 
we (hall gain a new column, (hewing how much thoic 
objeft-glafTes ought to magnify if wrought up to thi 
perfedton of this ftandard, 

The^ new apertures and eye glafles mud alfo be 
taken in the fame proportions to one another, as the 
old ones have in the table j or the eye-glafl^s may be 
found by dividing the length of each Telefcopc by its 
magnifying power. And thus a new table may be 
cafily made for this, or any other more perfed ftandard 
when offered* 

The rule for computing this tabic depends on the 
following theorem, via, that in rcfraifting Telefcopes 
of different lengths, a given ofajed will appear equally 
bright and equally diftinft, when their linear aneiturca 
and the focal dtdancci of their eye-glafIVs are levcrallf 
in a fobduplicate ratio of their lengths, or focal dif*- 
tancea of their objc^i.gkflfes ; and then alfo the breadth 
of thdr apertures w 5 l be in the fubduplicate ratio of 
thdr lengths. 

The rulers this i l^fuUtply the number of fret in.the 
focal diftanee of at^.propofed obji^^lafr by 3000# ami 
the fqoare-nwt of the vdlLfpre the of 

its aperture in centefos^ pr iooth parts of aa ► 
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v^300oF irthei>r^dthofthc a!^erturemcen- 

tefm« of an inch, where F ia the focal diftance of the 
ohjcd-glafe in fwt. Alfo, the fame breadth of the 
aperture tncreafed by tiie loth part of itfelf, gives the 
focal dillancfe of the eyc-glafa in centefma of an inch. 
And the magnifying powers arc as the breadths of the 
apertures. 

If, in different Telefcopes, the ratio botween the 
objett'glafs and eye-glafs be the fame, the objccl will 
be magnilicd the fame in both; Hence feme may con- 
clude the making of large Telefcopes a necdltfs trouble. 
But it mull be remembered, that an eye-glafs may be 
in a lefs ratio to a greater objcd-glnfs than to a frnaller: 
thus, for example, in Huygens’s Tdcfcope of 25 feet, 
the eye-glafs is 3 inches; now, keeping this proportion 
in a Tclefcope of 50 feet, the eye glafs should be 6 
indies; but the table fhews that 4!- are fullicient. 
Hence, from the lame table it appears, that a Tcle- 
fcope of 50 feet magnifies in the ratio of l to 14 1 ; 
whereas that of 25 feet only magnities in the ratio of i 
to (OO. 

Since the diH'ince of the lens is equal to tlie aggregate 
of the diflances of the foci of theohjeift andeye-glaffcs; 
and fince the focus of a glafs convex on each fide is a 
femidiameter’s dillance from the lens, and that of a 
plano-convex at a diameter’s difbnce from the fame ; 
the length of a Tclefcopc is equal to the aggregate of 
the femidiameters of the lenfep, if the objcd-glafs be 
convex on both Tides ; and to the fuin of the femidia- 
meter of the eyc-glnfs and the whole diameter of the 
objed glafs, if the ohjedl-glafs be a plano-convex. 

But as the diameter of the eye-glafs is very fmall in 
refped of that of the objed* glafs, the length of tlie 
Telefcopc is ufually eftimated from the diflance of the 
objc(^l-glafs ; 1. e. from its femidiamieter if it be convex 
on both Tides, or its v^^hole diameter If plano-convex. 
Thus, a Telefcopc is faid to be 12 feet, if the femi- 
di^metcr of the objeil-glafs, convex on both fidcs, be 
12 feet, &c. 

Since myopes fee near objeds bell ; for them, the 
€)e-ghrs is to be removed nearer to the objcd-glafs, 
that the rays refraded through it may be the more 
diverging. 

To take in the larger field at one view, Tome make 
ufe of two eye-glafles, the foreinoll of which ia a feg- 
nient of a larger fpherc than that behind ; to this it 
mull be added, that If two Icnfes be joined immediately 
together, fo as the one may touch the other, the focus 
is removed to double the diftance which that of one of 
them would be at. 

Land TfiLEscofE, or Dny' Telescope, is one 
adapted for viewing objeda in the day-time, on or 
about the earth* This contains more than two lenies, 
Efualiv it has a convex objedl-glafs, and three convex 
^y^-gfafles ; exhibiting objeds cred, yet different from 
that of Galileo* , 

In this Telefcopc, after the rays have pafled the 
ey^.g|a(jj Uj 2, pi. 30), as in the former 

<^onftrudion, inftcad 01 being there received by the 
they pafs pn t(>^ another equally convex fens, fitu- 
twfce Its from the other, fo that 

the ^ys of each pencil, being parallel in that whole 
tho% peodla croja one another in the co»niott 


focus, ^nd the rays conftitnting them ai-e tranfmitted 
parallel to tlie fecond eye-glafs LM ; after which the 
rays of each pencil converge to other foci at NO, where 
a fecond image of the objed is formed,, but inverted 
with refped to the foimer image in EF. This im.ige 
then being viewed by a thiid eye-glafs QR, is painted 
upon the retina at XYZ, exadly as before, only in a 
contrary pofition. 

Father Relt.a was the autlior of this conftrudion ; 
which is eifedted by fitting in at one cnil of a tube an 
objed-glafs, w'hich is citlier convex on lyioth Odes, or 
plano-convex, and a fegment of a feige fpliere ; to this 
add three eye glailes, all convex on both Tides, and 
legments of equal fpheivs ; iliipofmg them in lucli a 
manner as that the dillanoe bclween any two nny be 
the aggregate of tlie dillnnces of tlieir foci. Then 
will dll eye applied to the lift leiii, at the dlilance of 
its focus, fee olijeds veiy dillludly, ered, and mag- 
ndied in the ratio of the dilldiice (d the focus of une 
cyc-glafs, to the difluncc of the foeus of the objeet- 
glafs. 

Hence, l. An aftmnomieal Telcfeope is cafily con- 
verted into a Land dVIefcope, by uiing three eye- 
glaftes for one ; ami the Land Telefeope, ou the con- 
trary, into an aftronomical one, by taking awav two 
eyc-gblfes, the faculty of magnifying flill remaining 
the fame. 

2. Since the dlftancc of tlie eyc-glaffes is very fmall, 
the length of the l elcfcope is much the fame as if you 
only ufed one. 

3. Tiiekngth of the Telefcopc Is found by adding 
five times the femidiamer of the cyc-gldfTcs, to the 
diameter of the objed-glafs whtii this Is a plano- 
convex, or to its femidiameter when convex on both 
fides. 

Huygens firft obferved, both in the aftronomical 
and Land Telefcopc, that it contributes conrulerably 
to the perfedion or the inftrument, have a ring of 
wood or metal, w'ith an aperture, a little Icfs than the 
breadtli of the cyc-glals, fixed in the place where the 
image Is found to radiate upon the lens next the eye : 
by me ins of which, the colours, vvhicli are apt to dif- 
t'iiib the clcarnefs and diftindnefs of the oljjcd, me 
jnevented, and the whole compafs taken in at one 
>ic\v, peifedly defined, 

viomc make Land Tclefcopcs of three fen ft s, wliicb 
yet reprefent objeds ered, and magnified as much 49 
the former. But fuch Tclefcopcs arc fubject to veiy 
great inconveniences, lioth as the objeda in them arc 
tinged with falfe colourb, and as they are diftortcd 
about the margin. 

oomc again ufc five fenfes, and even more ; but 
as fome parts of the rays are intercepted in palTing 
every fens, objeds are thus exhibited dim and feeble. 

Telefcopes of this kind, longer than 20 feet, will be 
of hardly any ufc in obferving tcrrcftrial objeds, on 
account of the continual motion of the particles of the 
atmofphere, which thefe powerful Telefcopes render 
vifiblc, and give a tremulous motion to the objeCU 
themfclvcs. 

The great length of dioptric Telefcopes, adapted ^ 
to any important aftronomical purpofet rendered them 
extremely inconvenient for ufc ; as it was neceflary 
iacrcafc their length in no left ^ prppiaHibB tfe-ui 

duplicate 
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duplicate of the increafe of their magnifying power : 
fo that, in order to magnify twice as much as before, 
with the fame light and drilindtnefs, the Telefcope rc- 
<mired to be lengthened 4 times ; and to magnify 
•tliricc as much, 9 times the length, and fo on. This 
unwicldinefs of refra£ling Tclefcopcs, poflefling any 
coiifiderablc magnifying power, was one caufe, why 
the aJteiilion ol allronomers, &c, wao direded to the 
difeovery jnd conUrn(!‘lion of refle<^ting Tclefcopes. 
Arid indeed a refi-nding Telcfcopf, even of 1000 
fei't foc’118, fuppofing it pofilhle to make ufe of ftich an 
iriftrument, could not be made to magnify with dillin^t- 
nefs more than louo times; whtreas a reflecting 
Telefcope, of 9 or 10 het, will magnify 12 hundred 
times. *1 he perfection of refraCting Tclefcopcs, it is 
well known, is very much limited by tlie aberration of 
till' rays of light front (he geometrical focus ; and this 
arifes from two different caiifes, viz, from the different 
degrees of refiangibllity of light, and from the figure 
of the fphere, wliich is not pf a proper curvature for 
colltCliiig the rays in a fingle point. Till the time of 
Newton, no optician had imagined that the objeCl 
glaffes of TeUfeopes w'ere fubjeCl to any other error 
befide that which arofe from their fpherical figure, and 
therefore all their efforts were diredted to the condruc- 
tion of them, with other kinds of curvature : but that 
author had no fooner dtmonllrated the different re- 
fiangibility of tlic rays of light, than he difcovered in 
this circumllance a new and a much greater caufe of 
eiror in Tclefcopcs. Thus, fince the pencils of each 
kind of light have their foci in different places, fome 
nearer and fome farther fiom the lens, it is evident that 
the whole beam cannot be biought into any one point, 
but tliat it will be drawn the neareft to a point in the 
middle place between the focus of the moft and lead 
rehangible rays; fo that the focus will be a circular 
fpace of a conddcrahlc diameter. Newton flicws that 
this fpace is about the 55th part of the aperture of the 
I’clefcope, and that the focus of the mod refrangible 
rays is nearer to the objc^l-glafs than the focus ot the 
lead refrangible ones, by about the 27^ part of the 
dillance between the objeifl-glafs, and the focus of the 
mean rd Tangible rays. But he fays, that if the rays 
flow from a lucid point, as far from the lens on one 
ilde as their foci arc on the other, the focus of the molt 
refrangible rays will be nearer to the lens than that of 
•the lead refrangible, by more than the 14th part of the 
whole didancc. Hence, he concludes, that if all the 
rays of light were equally refrangible, the dror in 
Telcfcopes, avifing from the fpherical figure of the 
plafs, would be many hundred times Icfs than it now 
18 1' bccaufe the error arifmg from the fpherical figure 
of the ^lafs, is to that atifing from the different rc- 
frangibility of the rays of light, as 1 to 5449. See 
Aberration. 

U^n the whblc he obferves, that it is a wonder 
that Tclefcopcs reprefent objeds fo diftindly as they 
do.^ The rcafon of which is, that the difperfed rays 
a^,c not feattered. uniformly over all the circular fpace 
above' mentioned, but are infinitely more denfe in the 
4fccjnlrc than in any other part of the circle ; and that in 
•the way from the centre to the circumference they 
^row continutlly rarer and rarer, till at the circumfe- 
rreace^hey bcc^e infinitely ntre ; /or which reafon, 


thefe dirperfisd rays are not copious enough to be vifibh, 
except about the centre of the circle. He alfo men- 
tions another argument to prove, that the different 
rtfraugibility of the i^s of light is the true caufe of 
the imperfedion of T^clefcopes, For the difperfions 
of the rays arifmg from the fpherical figures of object, 
glaffes, are as the cubes of their apertures ; and there- 
fore, to caufe Telcfcopes of different lengths to magnify 
willi equal didinAnefs,' the apertures of the objeid- 
glaffes, and the charges or magnifyuig powers ought 
to be as the cubes of the fquare roots of their lengths, 
which does not anfwer to experience. But the errors 
of the rays, ariling from tlic diflerenl refrangibility, 
are as the apertures of the objcd-glaffes ; and thcucc, 
to make Telcfcopes of different lengths to magnify 
with equal didincfncfs, their apertiues and charges 
ought to be as the fquare roots of their lengths ; and 
this anfwers to expe: ience. 

Were it not for this different rcfiangibillty of the 
rays, Telcfcopes might be brought to a fuflicient de- 
gree of perfe6\ion, by compofing tlic oljecl-glals of 
two glaffes with water between them. For by tins 
means, the rcfraClions on the concave fulcs of the 
glaffes will very much coireft the errors of l lie rd'i. lo- 
tions on the convex fiJcs, fo far as they arife from then 
fpherical figure; but on account of the dift'ercut le- 
frangibility of different kinds of rays, Newton did i,iji 
fee any other means of improving Tclefcopes by lefi.io- 
lion only, except by increafing their length. Newton’,. 
Optics, pa. 73, 83, 89, 3d edition. 

This important deiideratum in the confiruiftion of 
dioptric Telcfcopes, has been fince difcoveicd by the 
ingenious Mr, Dollond; an account oT which is given 
below. 

^dromafic TELEScopEf is a name given to the ic* 
framing Telefcope, invented by Mr. John Dollond, 
and fo contrived as to remedy the aberration arifiiig 
from colours, or the different refrangibility of the lays 
of light. See Achromatic. 

The principles of Mr. Dollond^s dlfcovciy and con- 
flrudion, have been already explained under the articles 
Aberration, and Achromatic. The improvement 
made by Mr. Dollond in his Tclefcopes, by making 
two objeft'glaffes of crown-glafs, and one of flioi, 
which was tried with fuccefs when concave eye glaffes 
were ufed, was completed by his fon Peter Dollond ; 
who, conceiving that the fame method might be prac- 
tifed with fuccefs with convex eye-glaffes, found, after 
a few trials, that it might be done. Accordingly he 
finifhed an objedl-glafs of 5 feet focal length, with an 
aperture of 3 J inches, compofed of two convex Icnlcs 
of crown-glafs, and one concf'avc of white flint glaf»- 
But apprehending afterward that the apertures might 
be^dmitted ftill larger, he completed one of ji 
focal length, with the fame aperture of 3f inches. 
Philof. Tranf. vol. 55, p. 56. 

But befide the obligation we arc under to Mr. Dnl- 
lond, for correfting the aberration of ^hc rays of light 
in the focus of objedt-glaffes, arifmg from their^different 
refrangibility, he made anotheir cohfidcrable ‘improve- 
ment in Telcfcopes, viz, by correfting, in a great 
meafurc, both this kind of aberration, and alfo^ that 
which arifes from the fpherical fotm of Icnfw, hy an 
expcdicni of a ^cry different natUfc, tizf increafing 
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the numbjBT.of if any perfon, fays he, 

>rdnld have the vifual angle of a Telelcopc to contain 
20 dsgitce, the extreme pencils of the field miiil be 
bent or refracted in an angle of lO degrees ; which, if 
it be performed by one cye-glafs, will caufe an aberra* 
tion from the figure, in proportion to the cube of that 
angle: biit if two glaffes be fo proportioned and fituated, 
as that the refra<^ioh may be equally divided between 
thcAi, they will each of llrem produce a refraftion 
equal t^l^alf the^ required angle; and therefore, the 
aberratiw being in this cafe proportional to double 
the cube of half the angle, will be but a 4th part of 
that which is in proportion to the cube of the whole 
hnglc ; becaufe twice the cube of i is but | of the cube 
(d* z : fo that the aberration from the figure, where 
two cyc-glafles are rightly proportioned, is but a 4th 
|xul of what it mull unavoidably be, wlure the whole 
ii performed by a fingle eye-glafa. By the fame way 
t/f reafoning, when the refraction is divided among 
thiee glaflcs, the aberration will be found to be btit 
the 91I1 part of what would be produced from a fingle 
glafs ; becaufe 3 times the cube of i is but the 9lh part 
of the cube of 3. Whence it appears, that by incrcafing 
the number of eye-glaffes, the inJillinC^uefs, near the 
borders of the field of a Ttlefcope, may be very much 
dirninilhed, though not entirely taken away. 

The method of corre(Sliiig the errors arlftng from the 
different refrangibility of light, is of a dift'erent con- 
fiileration from the former; for, whereas the cirors 
from the figure can only be diminlfiied in a certain 
proportion to the number of glafles, in this they may 
be entirely cor reeled, by the addition of only one 
glafs ; as we find in the aftronomical 'Telefcope, that 
two eye-glafTes, rightly proportioned, will caufe the 
edges of objects to appear free from colours quite to 
tlie borders of the field. Alfo, in the day telefcope, 
uliere no more than two eye glaffes are abfolutely ne- 
cclfary for eredling the objedl, we find, by the addition 
of a third rightly fituated, that the colours, wliich 
would otherwife confufe the image, are entirely rc« 
niovtd : but this muft be underilood with fome limita- 
tion ; for though the different colours, which the ex* 
treine pencils muft necefianly be divided into by the 
edges of the eyc^glaffes, may in this manner be brought 
fo the eye in a dirciSlIon parallel to each other, fo as, 
hy its humours, to be converged to a point in the 
retina, yet if the glaffes exceed a certain lenglb, the 
colouis may be fpread too wide to be capable of being 
admitted through the pupil or aperture of the eye ; 
which is the, reafon that, in long 'I’clefcopcs, con-’ 
llrudlcd in the comdion way, with three eyc-glafles, 
the field is always very much contraded. 

Thefe confiderations firft fet Mr. Doilond upon con- 
triving how to enlarge the field, by increaling the 
number of eye-giaffes, without any hindrance to the 
diffindnefs or brightnefs of the image ; and though 
^hers had been about the fame work before, yet ob- 
wryingthat the five<glafsTelcfcope8, fold in the fhops, 
would admit of farther improvement, he endeavoured 
to conftriid one with the fame numbei of glaffes in 
^ better manner ; which fo far anfwcred his expeda- 
** 5® ^ allowed by the bed judges to be a con- 
improvement on the former. Encouraged by 
thu fucceftj lie rdblved to try . if he could not make. 


fom^ farther enlargement of the field, by the addirfoir 
of another glafsi and by placing and proportioning the 
glaffes in fuch a manner, as to corrq^f the aberrations 
as much as polfible, without any detriment to the ^if- 
tindnefs ; and at lalt he obtained as large a field as is 
convenient or neceflary, and that even in the longeft 
Tclcfcopes that can be made. Thefe Tcicfcopcs, 
with 6 glaffes, having been well received both at home 
and abroad, the author has fettled the date of the in- 
vention in a letter addrcflltl to Mr. Short, and read 
at the Royal Society, March i, 1753. Tianf. 

vol. 48, art. 14, 

Of the Achromatic Tclcfcopes, invented by Mr. 
Doilond, there arc Icvci'id different li/es, from one foot 
to 8 feet in ItMigth, rnailc and fold by his fons P, and 
J. Doilond. In the 17 -inch improved Achromatic 
'rdefcope, the ohitd-glAfs is coinpofed of three glaffes, 
viz, two convex of crown glafs, and one concave of 
white flint glafs : the focal dlllance of this combined 
ohjcd'glafs is about 17 iruhes, and the diameter of the 
aperture 2 inches. I’liere are 4 cye-glaflcs contained 
in the tube, to be ufed for la^dobje^^l8; the magnifying 
power with thefe is near 50 times ; and they are ad- 
julled to different fights, and to different dillances of 
the object, by turning a finger ferew at the end of the 
outer tube. There is another tube, containing two 
tyc-glaffes that mignify about 70 times, lot allrono- 
mical purpofes. The TcKfcope muy be directed to 
any object by turning tiivo fciews In the flnnd on vvhitli 
it is fixed, the one giving a vertical motion, and the 
other a horizontal one. The ffand may be inclofcJ in 
the infide of the hrafs tube. 

The objed-glafs of the 2 1 and 3I feet Tclcfcopes is 
compofed of two glaffes, one convex of crown glafs, 
and the other concave of white flint glafs ; and the 
diameters of tliclr apertures arc a inches and inches. 
Each of them is furniflicd with two tubes ; one foi land 
chjedts, containing four cye-glaffcs, and another willi 
two cye glaffts for aftronomical ufes. They are ad- 
jiifled by buttons on tlie outfide of the wooden tube ; 
and the vertical and horizontal tnofions are given by 
joints in the Hands. The magnifying power of trie 
Icaft of ihcfc .Tclcfcopes, witli the eye glafs for land 
ohjer^ts, is near 50 times, and with thofc for aflrono- • 
mical purpofes, 80 times; and that of the grcarcll for 
land oi>jed3 is near 70 times, hut for aflronomical ob-- 
fcrvalions 80 and 130 times; for this has two tubes,- 
either of which may be ufed as occalion requires. Thi# 
dVlefcopc is alfo moved by a ferew and rackwork, and 
the ferew is liinied by means of a Hook’s joint. 

Thefe opticians alfo conflrud; an Achromatic pocket 
perfpedive glafs, or Galilean Telefcope 5 fo contrived, 
that all the different parts are put together and aon- 
tained in one piece 4^ inches long. This finall Tele- 
fcope is furniflicd with 4 concave cye-glaffes, the mag- 
mfying powers of which arc 6, la, i8, and 28 limes. 
With the greatdl power of this Telefcope, the fatelUtc® 
of Jupiter and the ring of Saturn may he cafily feen. 
They have alfo contrived an Achromatic Telefcop^^ 
the Aiding tubes of which arc made of very thin brafs, 
which pafs through fprings or tubes ; the outfide lulie 
being either of mahogany or brafs. Thefe Tclefcopeir, 
whiA from their convenience for gentlemen in the 
army arc called military Telcfcopci, have 4 convex eye- 

glaflcf,- 
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glairs, wliofc fur faces apd focal Icngtlxi are fo pr^r- 
•tioned,’ as to lender the field of view very large. They 
are of 4 different lengtha and fuea, ufually called one 
foot, 2, 3, and 4 feet; the firft is ^14 inches when in 
ufc, and ^ inches when (hut up, having the aperture of 
the objtd-glnfs inch, and magnliylng 22 limes; 
tlic fecond 2S inches for ufe, 9 inches fhut up, the 
aptrUiie inch, and magnifying 35 times; the 
third 40 inches, and ro inches Ihut, with the aperture 
2 iiiclits, and magnifying 45 times; and the fourth 52 
iucluf, and 14 inchcsS ( 1 ^ 1 , W’ith the aperture 2^ Inches, 
and iiuiciyfying times. 

Mr. Killer, v\ho, in a memoir of the Academy of 
Kcjlin for the year I757, P- 323* had calculated the 
effeds ofallpoinblc comL. nations oflenfcs in Telefcopes 
and miciofcopcs, publifhed another long memoir on 
the fubjed of thefe 'rclefcopts, fliewing with precilion 
of what advantages they arc naturally capable. Sec 
Mifcel, Taurin. \oI. 3, par. 2, pag. 92. 

Mr. Caleb Smith, having paid much attention to 
the fiihjcd of fiiortening and improving Telefcopes, 
thought he had found it poffible to redtiiy the, errors 
which arlfe from the different degrees of refrangibllity, 
on the principle that the lines of refiadlon of rays 
differently refrangible, are to one another in a given 
propoition, when their lines of incidence arc equal; 
.ind the method he piopofed for this purpofe, was tO 
make the fpccula of glafs, in Head of metal, the two 
furfaces having different degrees of concavity. But it 
docs not appear that this feheme was ever carried into 
pradice. See Pliilof. Tranf number 456, pa. 326, or 
Abr. vol, 8, pa. 1 1 3. 

The ingenious Mr. Ramfden has lately dcfcribed a 
new conllrudioii of eye-glalFcs for fuch Telefcopes as 
may be applied to mathematical iidlrumcnts. The 
conllrudion which he propofes, is that of two plano- 
convex lenfes, hotli of them placul between the eye and 
tlic obferved image formed by the objcd-glafb of the 
inllniinciit, and thus correding not only the aberration 
aiifing from the fpherlcnl figuic of the lenfes, but alio 
that arifing from the different refrangibility of light. 
Kor a more particular account of this conllrudion, its 
piinciple, and its tffeds, fee Philof. rraiif. vol. 73, 
ait. ). 

A conllrudion, fimilar at leaff in its principle to 
that above, is aferibed, in the Synopfis Optica Hono- 
rati Fabri, to Eullachio Divini, who placed two equal 
narrow piano convex lenfes, inllcad ^f one eye lens, to 
his Telefcopes, which touched. at tlieir vertices; the 
focus of the objcd-glafs coinciding with the centre of 
the plano-convex lens next it. And this, it is faitl, 
was done at once both to make the rays that come 
parallel from the objed fall parallel upon the eye, to 
exclude the colours uf the rainbow from it, to augment 
the aii^lc of fight, the field of view, the brightnefs of 
the objed, &c. This was alfo known to Huygens, 
who fometimea made ufe of the fame cooftrudion, and 
gives the theory of it in his Dioptrics. See Hugenii 
Opera Varia, voh 4, cd. 1728. 

Telescope, Refl^dingy or Catoptric^ or Catadhpfric^ 
is a I’elefcope wliich, iiillead of Icnfca, confilU chiefly 
of mirrois, and exhibits remote pbjeda by refledion 
ialUad of refradion.- 

A brief account of the hiffory of the inveutioa of thU 


iraportjtfit U U frfUwi, IV 

ii^emous Mr, Gregory^ .of.Aberdeefi, has been 
commonly confidered a» the fidl biveatpr 0f tlvis Tde- 
fcope.— But it feems ihe£rft thought of arefledor had 
been fuggdkd by Merfenne, about 20 yun before the 
date of Gregory's invention: a hint to this purpofe 
occurs in the 7th ppopofition of his Catoptric^, which 
was printed in i6§i ; and it appears from the 3d and 
29th letters of Defcaites, in vol. 2 of his Lelien, 
which it is fald were written in i(j39, thq^h they 
were not publiflied till the year 1666, that Wtrfci re 
propofed a Telefcope with fpecula to Defcartes in that 
correfpondence ; though indeed in a manner fo vuy 
unlatisfadoiy, that Defcartes, who had given pam. 
cukr attention to the improvement of the Tthfcnjc, 
was fo far from approving the propofal, that lie c.i- 
deavoured to convince Mcifenne of us fallacy. Tin . 
point has been laigely difcullcd by Le Roi in the K 1. 
cyclopedia, ait, Telefcope, and by Montucla in l.ui 
Hill, dcs Mathem, tom. 2, p. 643. 

Whether ^Gregory had feen hlcrfcniit’s treatife (ms 
optics and catoptrics, and whether he availed iiiuKg 
of the hint tlieic fuggefted, or not, ptihaps c.MiMi 
now be determined. He was led liowevci to d . • 1- 
vention by feeking to correct two imperfections m . • 
common Tdefcope : the firft of thefe was its toogi'.al 
length, which made it troublefome to manage : ul 
the fecond was the incorredntfs of the image. U I 
Ijeen already demonllrated, that a pencil of ra)s ci.uhl 
not be colleded in a lingle point by a Ipheiical Kiis; 
and alfo, that the image tranfmitted by fucli akni 
would be in fome degree incurvated. Thele incon- 
veniences he thought might be obviated by lubllitinnig 
for the objed-glafs a metallic fpeculum, ot a parabolii- tl 
figuie, to receive the image, and to reflect it tow.niis 
a fmall fpeculum of the fame metal; tliis again was to 
return the image to an eye -glafs placed behind the gicnt 
fpeculum, which was, for that puipofe, to be peiloiati'! 
ill its centie. This conllrudtion he piiblilhid in Kb;* 
in his Optica Promota, But as Gregory, accorilmg 
to hisown account, poffeffed no mechanical IkiH, and 
could not find a workman capable of realizing Ins m- 
venuon, after fome fruitlefs liials, be was obliged to 
give up the thoughts of bringing Telefcopes ofthia kind 
into ufe. 

Sir Ifaac Newton however interpofed, to fave tins 
excellent invention from pcrifliing, and to bring it fm- 
ward to maturity. Having applied liimfelf to tiie 
improvement of the Telefcope, and imagining that 
Gregory's fpecula were neither very neceffary, 
likely to be executed, he be^an \frith profecuting the 
views of Defcartes ; who aimed at making a more 
perfcdi image of an obje6l, by grinding lenfes, not to 
the figure of a fphere, but to that formed from one ot 
the conic fediona. But, in the year 1666, havirg 
difeovered the different refrangibility of the rays ot 
light, and finding that the errors of Telefcopes, anlmg 
from that caufe alone, were much more confiderabe 
than fuch as were occafioned by ihe fphcrical figure 0 
lenfes, Ke w^as conftraUicd to turn his thoughts to rC' 
fkdors. The plague however interrupted his progrels 
in this bufinefs ; fo that it was towards the end 0 
1668, or in the beginning of 1669, when, defpau ‘^5 
of perfeding Telefcopes by means of refraded ugb^ 
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una irctomg td couftmaion of reflc^ore, he fct 
«bout making hit own fpecula, and early in the year 
167J completed two fnfall refleaing Tdefcopes. ^ In 
-thefe he ^ound the large fpcculum into a fpherical 
concave, bcii^ t:nablc toaccomplifli the parabolic form 
propofed by Gregory ; but though he then defpaired 
of performing that work by geometrical rules, yet (as 
he writes in a letter that accompanied one of thefe 
inftruments, which he prefented to the Royal Society) 

Jie doubted not but that the thing might in fome 
meafurc be accomplifhed by mechanical devices. With 


a perfeverance equal to his ingenuity, he, in a great 
mcafuie, overcame another dilFiculty, which was to 
find a metallic fubilancc that would he of a proper 
hardnefs, have the few eft pores, and receive thefmootlieft 

poidh : this difficulty he deemed almoft infurmountablc, 
when he conlidered that evciy irregiilaiity in a rcflcaing 
fiirface would make the rays of light deviate .5 or 6 
times more out of their due coiirle, than the like irre- 
gularitits in a refracting furface. Affcr repeated trials, 
he at lali found a compofition that anfwered in foinc 
dogiee, leaving it to thofe who fliould come after him 
to find a better. Thefe difticuUics have accoidingly 
hceii (nice obviated by other ai tills, paiticiilaily by 
:Ov. Mudge, the rev. Mr. Edwards, and Dr. Herfeliel, 
f^e. Newton liaviug fuecceded To fnr, he com mu 11 teat ed 
to the Royal Society a full and ialisfadory account of 
tliC conftiuitiou anjd pcifoimancc of Ids 'rdefcope. 
The Society, by their lecrctaiy Mr, Oldcnburgh, 
tranfmitted an account of the difeovery to Mr. Huy- 
gins, celcbiatcd as a dillinguifhed improver of the 
rdrador ; who not only replied to the Society in terms 
<‘vpi effing his high approbation of tl'e invention, but 
diew up a favouiable account of the new IVlefcopc, 

V hieh he caufed to be publifficd in the Journal dcs 
Scavans of the year 167/, and by iflis mode of comma* 
niCcUi</n it was foon know'u over Europe. See Huy- 
gi-iiii Opera Varia, tom. 4. 

Notwithllanding the excellence and utility of this 
C('niiivancc, and the honourable manner in which it 
was announced to the world, it feems to have been 
l^ieatly negle6^ed for nearly lialf a century. Indeed 
^^hul Newton had pnblifhcd an account of his I'ele- 
fcojjcs^ in the Philof. Tranf. M. C.iftegraiii, a Freiich- 
in the Journal des S^avansof i 72, claimed the 
honour of a fimilar invention, and faid, that, before he 
heard of Newton’s improvement, he had hit upon a 
I '‘tier conftru(^ion, by^ufing a fmall convex miiTor 
j’tftead of the rc-liedling prifm. This TelcCcope, which 
' ‘IS the Gregorian one difguifed, the large miiior 
i<( ing perforated, and which it is faid was never cx- 
<v.uicd by the author, is much ffiortcr than the New- 
•^^nian; and the convex mirror', by difperfing the 
pys, ferves greatly to iiicrcafc the image made by the 
1' ;^ concave mirror. 

Newton m'adc many objcftions to CalTegiain's con- 
'‘‘uOion, but feveral of them equally aftect lirrit of 
'^regory, which has been found to anfw'el remarkably 
'* liw*” hands of good artills. 

Dr. Smith took the pains to make many calcu].rti<ms 
® the magnifying power, both of Ntwton’s and C*il- 
'■^^rain*s Tdefcopes, in order to liieir farther irn- 
provenrent, which may be fecn in his Optics, Kcm. 

Voi.II, 


tel 

the“pVa?of 

• Mn«"iacd a RcfleAmgTelefeope (men- 

Tinned by Dr. B rch In 1,1, Hift.of tfie Royal Soc, vol. 
3. p. i2j) in which the great mirror waa perforated, 
jo that the fpeaitor looked direaiy tow-ard, the oh- 
jctl, and It was produced before the Royal Society 
in 1674. On this occafion it w^as faid that this con* 
Itrudion was full propofed by Mnfennc, and after- 
wards by Gregory, but that it never had 

been aaually executed before it was done by Hook, 
A dcrcnption of this inllr'ument may be feen ifi Hook’a 
Experiments, by Dcrham, p. 269. 

The Society alio made an unfuccefsfid attempt, by 
cmplqyingan aitilieer to imitate the Newtnrrian con- 
111 nation j however, about half a century after the 
invention of Newton, a Rcflcaing Telefcopc 
ducfd to the world, of the Newtonian con 


c was pro- 

- conflniaion, 

w'hich the venciable author, err yet he had fmiflied his 
very diftiirguiflied courfe, had the fatisfaaion to And 
executed ill fuch a m.inncr, as left no room to ftar 
that the invention would longer continue in obfcurlly. 
This eflldhial fervlcc to feicnce was accompliflicd by 
Ml. John Hadley, who, in tire year 1723, piefented 
to the Royal Society a Telefcopc, wdiich he had con- 
fliu<l:Ud upon Newton’s plan. The two Telefcopes 
which Newton bad made, were but 6 inches long, 
wei'o held in the hand for viewing objeil’ls, and in 
power W'erc compared to a 6-fcet refrnftor; hut the 
radius of the fphere, to which the principal fpeciiluin 
of Hadley’s vyas ground, w^as 10 feet 5I inches, and 
cmircquentiy its focal length was 62 J- inches. Jn the 
rhilqf, Tranf. Abr. vol. 6, p. 133, may be feen a 
drawing and defeription of this Telefcopc, and alfo of 
a very ingenious but cpmplex apparatus, by which in 
was managed. One of thefe IVlefcopcs, in which the 
focal lengtfi of the large mirror was not quite yj feet, 
was compared with the celebrated Huygcnraii Tile- 
fcope, w'iiieh had the focal length of its objei'l-glnfs 
123 feet; and it was found tint the former would 
bear fuch a charge, as to make it magnify the ohjt'^b 
as maiiy times as the latter tviih its ilue cliaige ; and 
that it repiefcnted (»bje< 51 s ns diflinClly, though not 
altogether fo clear and bright. With litis Rc/]e<fling 
Telefcopc might be feeu whatever had been hitherio 
difeovered by the Hiiygenian, particularly thetianfts 
of Jupiter’s fatellites, and theii ffiades over the ddk 
of Jupiter, the black lift iir Satiirn’B ring, and the 
edge of the fhade of Saturn caft upon his ring, five 
fatellites of Saturn were alfo obferved with thi'i Tilr. 
fcopc, and it afforded other obfcrs.itions oir Jirpiter 
and Saturn, which confirnied the go )d opintou which 
had been conceived ofUby Pound at.d Rradlcy; 

Mr. Hadley, after finifiiing two rclcfeopes of ih<; 
Newtonian conftrudion, applied h/ nhlf to make them 
in the Gregorian form, in which the large mirror is 
perforated. This feheme he completed in the year 
J 7 26. 

Dr, Smith prefers the Newtonian conflnic\Ion to 
that of Gregory } hut if lonjr experlciicc be admitted 
as a fitidl judge in fuch matters, the hiperiority mull be 
adjudged to the latter ; as it la now% and haa been for 
many years palt, the only iuftiument in requeft, 

4 E Mr. 



TEt [ 378 3 TEL 


Mr, H«dJty fp»«d m ^tni, after harinjconiDteted 
hfi ctHiftruAloiii to inftruft Mr« Molyneux #no Dr. 
BradUy j and when thefe gtolkmcn bad made a good 
proficiency in the art, being defirous that tlicfe lele- 
(cop<« (hould become more public, they liberally com- 
municated to fome of the chief inftrument makers of 
London, the knowledge they had acquired from him : 
and thus, as it is reafonable to imagine, reflcaors 
were completed by other and better methods than even 
thofe in which they had been infirufted. Mr. James 
Short In particular fignalized himfelf as early as the 
yfear 1734» by his work in this way. Heat firil made 
his fpecula of glafs j but finejing that the light refleaed 
from the bell glafs fpecula was much lefs than the light 
refleded from metallic onrs, and that glafs was very 
liable to change its form by its own weight, he ap- 
plied himfelf to improve metallic fj^ecula; and, by 
giving particular attention to the curvature of them, 
he was able to give them greater apertures than other 
workmen could do ; and by a more accurate adjuft- 
ment of the fpecula, &c, he greatly improved the 
whole inftrument. By fome which he rnade, in which 
the larger mirror was 15 inches focal diftance, he and 
fome other perfons were able to read in the Philof. 
Tranf. at the diftance of 500 feet ; and they feveral 
times faw the five fatcllites of Saturn together, which 
greatly furprlfed Mr. Maclaurin, who gave this account 
of it, till he found that CafTini had fometimes fecn 
them’ all with a 17 feet refraaor. Short^s Telcfcopcs 
wc re all of the Gregorian conftrudlion. It is fuppofed 
that lie difeovered a method of giving the parabolic 

S ure to his great fpeculum ; a degree of perfeaion 
ich Ciregory and Newton dcfpaircd of attaining, 
and which Hadley it feems had never attempted in 
either of his Telefcopes. However, the fccret of 
working that configuration,, whatever it was, it feems 
died with that ingenious artift. Though lately in fome 
degree difeovered by Dr. Mudge and others. 

On the Hlftory of Refleding Tdefcopcs, fee Dr. 
David Gregory's Elem. of Catopt. and Dioptr. Appen- 
dix by Defagulicis: Smith's Optics, book 3, c. 2, 
Rem. on art. 4^9 ; and bir John Pringle’s excellent 
Difeourfe on the Inveiuion &c of the Reflcding Tele- 

^^^ctff/lrufllon of the Rifleaing Telefcope of the Newtoman 
/c^m-Let ABCD (fig. 2, pi. 32) be a large tube, 
open at AD, and doled at BO, and its length at leaft 
equal to the diftance of the fcM;u8 from the metallic 
Iplicrical concave fpcculura OH placed at the end CC, 
The rays EG, FH, &c, proceeding from a remote 
obiea PR, interfed one another &mcwhcrc before 
they enter the tube, fo that EG and eg arc thofe that 
come from the lower part ot the objed, and fh F.H 
from its upper part : . thefc rays, after falling. on the 
fpcculum GH, will be refleded fa as to converge and 
meet in where they will form a perfed image of 
theobjed. But as this image cannot be fecn by the 
fpedator, they arc intercepted by a fmaU plane metallic 
fpcculum K.K, interftding the axis at an angle of 
4c®, by which the rays tending to m, «, will be rc- 
flcded towards a hole LL in the fide of the tube, and 
the image of the objed will be thus formed in aSj which 
image will b« lefs dift\nd, becaufe fome of the rays 
vrhick would otherwife fell ou.lbc.concaw fpcculum. 


OH, m intercepted by the plene fpeeulom t it will 
neverthclefs appear pretty diftind, becaufe the aperture 
AD of the tube, and the fpccuhim GB, arc large. 
In the "lateral hole LL is fi.xcd a convex lens, whofe 
focus is at Qq ! and therefore this lens will refrad the 
rays that proceed from any point of the image, fo as 
at their exit tliey will appear parallel, and thofe that 
proceed from the extreme points S, will converge 
after refradion, and form an angle at 0, w’herc the 
eye Is placed ( which will fee the image Sy, as if it 
were an objed, through the Jens LL ; conrcquently 
the objed will appear enlarged, inveiled, bright, and 
diftind. In LL may be placed lenfes of different 
convexities, which, by being moved nearer to the 
image and farther fiom it, will reprefent the objed 
more or lefs magnified, if the furfacc of the fpecnlum 
(iH be of a figure tiiily fphcrical. If, infteadof one 
lens LL, three lenfes be difpofed in the fame manner 
with the three eyc-glaffcs of the refrading TclefcnT;<;‘, 
the objed will appear ered, but lefs diftind than wIutl 
it is obferved with one lens. On account of the poll 
tion of the eye in this Telefcope, it is extremely dif- 
ficult to dired the infti-ument towards any objed: 
Huygens therefore firft thought of adding to it a imall 
refrading Tclcfcope, having its axis parallel to that 
of the reftedor : this is called a fnefer or eftredor* Tin. 
Newtonian Telefcope is alfo furnifticd with a iuitablc 
apparatus for the commodious life ol it. 

To determine the magnifying power of this Tele- 
fcope, it is to be confidcred that the plane fpcculum 
Kit is of no ufc In this refped : let us then fuppofc 
that one ray^ proceeding from the ohjedt coincides with 
the axis GLIA of the lens and fpcculum; Jet hh be. 



another ray proccedmg from the lower extremity of 
the objed, and pafiing through the focus I of the fpe- 
culum KH ; this will be refleded in the diredion ■ 
parallel to the axis GLA, and falling on the lens dLd, . 
will be .refraded to G, fo that GL will be equal to Lf, 
and dG =: i/l. To the naked eye the objed would 
appear under the angle 1 hi = ^lA ; but by means of 
ibc Telefcope it appears unde/ the angle JGL = </IL 
= Idi: and the angle Idi is to the angle I hi as H 
to Irf ; -confequcntly the apparent magnitude by the 
Telefcope, is to that with the naked eye, as thedii* 
tance of the focus of the fpcculum. from the fpeculum, 
to the diftance of the focus of the lens from the lens. 

Con/lru 3 Jon of the Gregorian Refitting Telefcope,^ 
Let TYYT (fig. 3, pi. 32). be a bfafstube, in which 
hldY) is a metallic concave fpeculum, perforated m 
the middle at X; and EF a lefs concave mirror, lo 
fixed by the arm or ftrong wire RT, which is moveable 
by means of a long ferew on the outfidc of the tube, a« 
to be moved nearer .to, or farther from the larger Ipe' 
culum L/</I) j its axis being kept in the fame line with 
that of the great onc^ Let AB reprefent a very re- 
mote objed, from each part of which iflue pencus 0 
rays, as CD, fiom Jk the upper extremity ot tne 
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an'd lli* lit the lower part Bj the ray 4 
XL, CD, from the extremities, croffing one another 
before they enter the tube. Thefe rays, falling upon 
tlie larger mirror LD, are reflected from it into the 
focus KH, where they form an inverted M’lnage of the 
objcA AB, as in the Newtonian Telefcope. From 
this injagethe rays, ifluingas from anobjed, fall upon 
the fmaU mirror EF, the centre of which is at f, fo 
that after reflection they would meet in their foci at 
QQi and there form an creft image. But fince an eye 
at tliat place could fee but a fmall part of an ohjeft, in 
order to bring rays from more diftant paits of it into 
the pupib they are intercepted by the piano convex 
lens MN, by vrhich means a fmaller ercCl image is 
formed at PV, which is viewed through the mcnifeua 
SS, by an eye at O. This menifeua both makes the 
rays of each pencil parallel, and magnifies the Image 
PV. At the place of this image all the foreign rays 
are intercepted by the perforated partition ZZ. For 
the fame reafon the hole near the eye O is very nanow. 
When nearer objeCls are viewed by this 1 'clcfcope, the 
fmall fpeculum EF is removed to a gi cater diflance 
fiomthe larger LD, fo that the fecond image may be 
always formed in PV : and thisdiflance is to be adjiiUcd 
(by means of the ferew on the outfide of the gi eat 
tube) according to the form of the eye of the fpeClattir. 
It is alfo iieccflary that the axis of the Ttlefrope Ihoiild 
pafs through the middle of the fpeculum EF, and its 
ctnirc, the centre of the fpeculum LL, and tlie mid(ilc 
of the hole X, the centres of the Icnfcs MN, SS, and 
the hole near O. As the hole X in the ipcculum LL 
can reflect none of the rays ilfulng from the objeft, that 
pait of the image which correfponds to the middle of 
the objeCt, mufl appear to the obfti ver more dark and 
cunfuled than the extreme parts pf it. Befidcs, the 
l',:eculum EF will alfo intercept many lays proceeding 
fioin the object; and therefore, unlefs the aptiturc 
TT he large, the objeCt mud appear in fonie degicc 
obfeure. 

The magnifying power of this Telefcope iscftiinatcd 
In the following manner. Let L-D be the larger niirroi 
(fig, 3, pi 31), having its focus at G, and operture 
ill A ; and FF the fmall mirror witli the focus of parallel 
rays in I, and the axis of both the fpecula and lenles 
MN, SS, be in the light line DIGAOK. Let 
a ray of light coming from the lower extremity ot a 
verydiaantvlfiblaobjea, pafling through the locus G, 
and falling upon the points of the fpeculum LD ; which, 
after being reflected from to F in a direction paralhl 
to the axis of the mirror DAK, is reflected by the 

fpeculum F fo as to pafs through the focus I ^ 

direction FIN to N, at the extremity of the iens MN, 
by which it would have been refrafted to K ; but by 
the interpofition of another lens SS is brought to U, 
fo that the eye hi 0 fees half the object under the angle 
TOS. The angle G^F, or AG under which the 
object is viewed by the naked eye, is to SO I 
'vhich it is viewed by the Telefcope, in the 
OiF to IF* « 1 N, of/»lN to NKn» andofNKw 

to SOT. 

But G^F : IF; : ; DI : GA, 

and » 1 N : «KN :: nK t «I» 

^nd ifKN : SOT t: TO : FK } 


ihercf. G^F r SOT : : DI x «K X TO ! GA x 
i»I X TK. Muflchenbroek*8 Introd. vol. 3 , p. 8ig. 

In Reflecting TclcfcopcsofdifFerewt Icogths, a given 
objeCt will appear equally bright* and ctjually dilun^^ 
when their linear apeitures, and alfo their liaear breadths, 
are as the 4th roots of the- cubes of their lengths ; and 
confcquently when the focal diftances of their eyc- 
glaflcs are alfo as ihc 4th roots of their lengths. See 
the demonlliaclon of this prupofition in Smiil/s Optics, 
art. 361. 

Hence helms deduced a rule, by which he has com- 
puted the following table for Tclcfcopcs of dilFcrcnt 
lengiiis, taking, for a flandatd, the middle cyc-glafs 
and npciturc of Hadley’s Reflecting Telefcope, de- 
ferihed in Phllof. Tianf. number 376 and 378; the 
focal dillaiiccfi and linear apertures being given in 1 000th 
parts of an inch. 


Table fet Telefcopcs of different 


Lcin th ot 
tiw \\ 1. or 

f.'cai dilt of 
till. C'.nc. 

Focal did 
of the 
l<.yc.gb.rs. 

l^it'C.ir .nr- 
pliiying or 
iirngnifyiiig 
powvi . 

Linear a- 
’Vrturc of 
ilic concave 
inct.-il. 

fu-t 

1!)< 1 1 K 


IlKllCS 

i 

% 

0-167 


o'S64 

I 

O-I.yp 

60 

1-440 

2 

0-236 

102 

2-448 

3 

ov6i 

138 


4 

0*281 

1 . 1 

4-104 

5 

0*297 

20: 

4-«>3 

6 

0*311 

23: 

5 

7 

0*323 

260 

6 2 (o 

8 

o*H 4 

2H7 

(1 ,';8H 

! 9 

0 344 

3»4 

yyf, 

10 

o ’3 5 3 

3 0 

J)' 1 ( J 1 

1 1 

0'f)2 

3^5 

8-,.'-. 1 

1 2 

0*36/ 

390 

i 


0*377 

4.4 


H 

o-jiH 

437 


15 

0-391 

.) 60 

1 1 0 :o 1 

16 

0*397 

483 

I 1 • 4^2 

n 

0-403 

506 

I2'I13 j 


Mr. Hadley’s Telefcope, above mentioned, magn. 
fied 2^8 01 230 times; but wc aie inhumed that n; 
objcCt-mctal of 3^ feet focal dill ince was uion^-bt b', 
Mr. Ilaukihcc to fo great a peiftCtion, as to inn.jnifv 

226 times, and therefore it was hiiiccly inhrior to 
Hadicy’sofsf feet. If Haiiklbec’s Ted. Iloj c be taken 
fora new flandard, it follows tbnt a Inumb.m of on,- 
foot focal dlltancc ought to magnify 93 unies, whereas 
the above table .allows it but ho. , Now Jf-jj r; t 55 » 
and the given column of magnifying powers muUiphtd 
by this number, gives a new column, jewing hoW 
much the objca-metals ought to magnify if wrought up 
to the perfrClion of Hauklbec’s. And thus a new 
table may be eallly made for this or any other more 
perfea Aaiidard, taking alfo the new eye^dafles and 
aocrturcs in the fame ralio to one another as the old 
ones have in this table. Smith's Optics, Rem. p. 79 . 
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The- mngfl laying power of any Telcfcj^e mny be 
eafily found by experiment, vi*> by looking wiih one 
eye through the Tclcfcopc* upon an objeft of known 
dimenfjgns, and at a.given dUkiice,. and throwing the- 
image upon another objedt fcen witli the naked eye. 
X)r. Smith has given a particularaccount of the ptoctfa, 
Rem. p. 79. 

Rut the cafiell mwliod of all, la to mcafure the 
diameter of the aperture of the objed-glafs, and that 
of ilic little image of it, which is formed at the place 
of the eye. For tlu^ propoition between thefe gives 
the ratio of the magnifying power, provided no part 
of the original pencil he intercepted by the bad coii- 
drmftion of the Tclefcope. For in all cafes the mag- 
nifying power of Tclcfcopes, or microfeopes, is rneafureJ. 
by the proportion of the diameter of the original pencil,, 
to that of the pencil which enters the eye. FrielUcy’s. 
Hift. of Light, p. 747. 

But the moft confidcrable, and indeed truly ailoniih* 
Jng magnifying powers, that have ever been nfed, ^rc 
thofe of Dr. HerfeheFs Refle^bng Telefcopes. Some 
account of thefe, and of the difeoveries made by them, 
has been already introduced under the article Star. 
For his method of afeertaining them, fee Phdof. Tranb 
vol. 72, pa. 173 &c. Sec alfo fevcral of the other late 
volumes of the Philof. Tranf. 

Dr. Herfchel t)bferves, that though opticians have 
proved, that two eye •glalTcii will give a more corrccl 
image than one, he has always (from experience) per- 
fdled in refnfing the aflillaucc of a fecond glafs, which 
is fare to introduce errors greater than thofe he would 
correft, ** Let ns refign, fays he, the double eye- 
glafs to thofe who view objects merely for entertainment, 
and who mull have an exorbitant field of view. To 
4 philofopher, this is an unpardonable lad'nlgcnce. 1 
have tried both the finglc and double cye^glats of equal 
powers, and always found that tlie fingle eye-glafs had 
much the fiiperiority in point of light and dillindnefs. 
With the double eye-glafs I could not fee the belts in 
Saturn, which I very plainly faw with the fingle one, 

[ would however except all thofe cafes where a large 
field is abfolutely nectffary, and where power joined to 
dillindnefsis not the foie obje^i of our view,” Philof* 
Tranf. vol. 72, P* 95* 

Mr. Green or Deptford has lately added both to the 
reflcdling and refracting Tclefcope an apparatus, which 
fits it for the purpofes of futveying, levelling, mea* 
furing angles and dillanecs, &c. Sec his Defeription 
and Ufe of the improved Riefle6ling and llefrading 
Telefcopes, and Scale of Surveying &c, 1778. — 
Mr. Ramfden too has lately adapted 1 elcfcypes to the 
like purpofe of meafuring dlftanccs from one ftation, 
v<ec. 

Meridian Telescope,. Is one that U fixed at right 
angle* to an axis, and turned about it in like plane of 
the meridian ; and is otherwife calkd a trarM injlru* 
wf«/.-^The common ufe of It is to correft the motion 
of a clock or watch, by daily obferving the cxa6l time 
when the fun or a ftar comes to the meridian. It ferves 
alfo for a variety of other ufes. Tlic tranfverfe axis is 
placed horizontal by a fpirit level. For the farther 
dtfci'iption and method of fixing this infirument by 
means of its levels &c, fee Smith’s Optics, p. 321. 

Transit Jnjlrumetit* 


TELESCOPICAL are fuch asare n'^t vHihle 

to the naked eye> being only dife^rnibk by means of 
a tclefcope. Sec St/Ar-. : 

All ftars. Icfs than thok of the ()lh magnitude, aie 
Telefcopic to an ordinary eye. 

TEMPERAMENT, in Mufic, ufually denotes a 
reflifyinj or amending the falfc or imperfed conconb^ 
by transferring, to them part of the beauty of the per- 
fed ones. 

TENACriT, in Natural Phllofophy, is that qnrv. 
Uty of bodies by which they fuftain a coufiderable 
preffure or force without breaking; and is the oppofitc 
quality to fragility or brittknefs. Mem, Acad. Ikr- 
lin. 1745 » P. 47 ; 

TENAILLE, in Fortification, , a kind of outwork, 
confiding of two paiallcl fides, with a front, having 
a re-entering angle. In fad, that angle, and the 
faces which compofe it, are the Tenaille, 

The Tenaille is of two kinds, and dmhlc. 

Simple or Single Tenaillt, is a large outwork, 
coiililling of two faces or fides, including a re-enttiing 
uijgle. 

Double^ or Tenaille, Is a large outwork, 

confiding of two fimple Tenaillts, or three faliail 
and two re-entering angles. 

The great dcfe6ls of Tenailles are, that they tnk: 
up too much room, and on that account arc edvan- 
tagcoiia to the enemy ; that the re-entering a.igl;^ r. 
not defended ; the height of the parapet prewnmig 
the feeing down into it, fo ilut the enemy can lod;'o 
there under cover; and the fides are not fiilBcuatly 
flanked. For thefe reafons, Tenailles are now mo.llv 
excluded out of fortification by the bed engineers, and 
never made but where time does not ferve to foim \ 
hornWoik. 

Tenaille of the Plicc^ Is the front of the place, 
comprehended between the points of two neighbouring 
bad ion 8 ; including the curtain, the two flanks i.iifed 
on the curtain, and the two fides of the badions wlutd 
face one another. So tliat the Tenaille, in this knfe, 
is the fame with what is otlierwife. called the face of a 
fortrefs, 

Tenatlle of ibe D’ltchy is a low work raifed before 
the curtain, in the middle of the fofs or ditch ; the 
parapet of which is only 2 or 3 feet higher than the 
level ground of the ravelfn. 

The ufe of Tenailles in general, is to defend the 
bottom of the ditch by a grazing fire, and likewife the 
level ground of the ravelin, which cannot be fo con- 
veniently defended from any other place. The fird 
fort do not defend the dkch fo well as the others, bc- 
caufe they are too oblique a defence ; but as they are 
not fubjedl to be enfiladed, Vauban has generally pre- 
ferred them in the fortifying of places. Thofe of tlic 
fecond fort defend the ditch much' better than the lirfl> 
and add a low fiank to thofe of the badions ; but as 
thefe flanks are liable to be- enfiladed, they have not 
been much ufed. I'his defeA however might be re* 
medied, by making them fo as to be > covered by the 
extremities of the parapets of the oppofitc ravelins, 
or by fome other work. And the fame thing may be 
faid of the third fort as of the fecond. 

The Ram*sd}ora is a curved Tenaille, raifed In the 
fofs before the flanks, and prefenting its convexity to 
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dirf®yw^d w. ; Tbi« work feemi preferable to either 
of tbe pttwr l^hon account of its fimplicity» 

and the dcff ncft for which it is conllrudcd. 

TENAH-|>ONS, in Fortification, arc woiks con- 
flru(5lcd on eac^ fide of the ravelin,, much like the lu- 
nettes. They differ, as one of the faces of a I'cuaillon 
is in the direction of the lavclin, whereas that of the 
lunette k perpendicular to it, 

i ENOR, in Mufic, the fnfl mean or middle part, 
or that which is the ordinary pitcli, 01 Tenor, of the 
voice, when not either railed to the treble, oi lowcied 
to the bafs* 

TENSION, the date ofa thing tight, or Hretchcd. 
animals- fullain and move tln-mlclves by the 
Tcnlion of their mufcles and nerves. A choid, or 
Ihing, gives an acutcr or deeper found, as it is in a 
greater onkfs degree of Tcnlion, that is, more or lefs 
lii etched or tightened. 

TERM, in Geometry, is tlie extreme of any mag- 
nitude, or that which bounds and limits its extent. 
iSo the 'rerms- of a line, aic points ; of a fupctficies, 
lines ; of a folid, fupeificies. 

I’l RMS, of an equation, or of any quantity, in Al- 
gebra, aie til? fcvcral names or members of which it is 
compefc-l, lepjratcd from one another by the figns 
>f or — . So, the quantity ax -f zhe — con- 

fills of the three Terms a.v and zbr and 3/7,1 ^ 

In an equation,, the Terras are the parts which con- 
tain the fcveral powers of the fame unknown letter or 
quantity : for if the fame unknown quantity be found 
in fcveial members in the fame dcgicc or power, they 
fiiall pUfs but for one Term, which i'< called a compound 
one, in dillin^lion from a limple or lingle Term. Thus, 

in the equation 41 — 3^ . a* — acx =. ^ 5 , the 


four terms arc and jb, and w and ; of 
which the fecond Term ia compound, and 

the other three arc limple Terms* 

Ti-rms, of a Piodui^t, or of a FraAion, or of a 
Ratio, or of a Proportion, &c, art the feveral quan- 
tities employed in fonnii>g or compofing them* Thus,, 
the Tcims 

of the produc*^ nhy are a and 
of tht fia(!:Iion f, are •; and 8; 
of the ratio 6 to 7, arc 6 and 7 ; 
of the piopoiiioii u : ^ ; 5': 9, are a, 5, 9. 
Terms arc alio ufed for the fcvtial limes or feafona 
of the year in which the public colleges or luiiverlitici^, 
orcouits of laws are opt 11, or fit. Mich ate the Ox- 
ford and Cambi idge Tcrnib ; alfo the I'crms for the 
couus of Kingks-Rench, Common Picas, .and the Ex- 
clutjiitr, which arc the high couits ot coipmon law. 
But the high court of Ikuliaincnt, the Ciianccry, and 
inferior court.s do not obferve the "l erms.; — The rcll 
of the year, out of Tcrm-iiinc, is' called macaliofu 
There are four law 'Perms in the year ; viz, 
Hilary-Tnnt^ which, at London, begins the 23d 
day of Januaiy, and ends the 12th of February. 

Eajlir-Termy which begins the 3d Wednefday after 
Ealfcr-day, and ends on tlic Monday next after Afecn- 
fionday. 

Ttiuitv-Tfrtiiy which begins the Friday next after 
Triiiity-ounday, and ends the 4th Wednefday after 
Trinity-Sunday. 

Mkhatlmas’Tirmy which begins the 6th of Novem- 
ber, and ends the 28th of November. 

All thefe terms have alfo their returns, the days of 
whioh are exprelTcd in the following table or fynopfis. 


TahK of the Law Terms, and their Returns. 

Term 

Begin. 

ift Return 


.d Return 

4th Return 

3th Return 

End. 

1 

1 • s? ^ 

January 2^ 
^WcU.af.Eaft. 
FriU.af.Triu.S . 
November 6 

January 20 

2 VVks. af.Eall 
Trinity Mond. 
November 3 

Janu.ny 7 
^ Wks. af. Raft. 

I VVk. af. Inn. 
November 12 

Fehru.uy ^ 
4\Vkb.nf Fall. 
\Vk.8. af.rrm. 

November i 3 

February 9 
, Wk s. at Kail. 
{Wks.af.Tnn 
Novcmlicr 2 

Afccuf. day 

February iz 

Mood. :if. Al’cenf. 
4ih Wed. al.Tnti. S. 
November 2< 


N. B.- When th* beginning or ending of any of thefe Tc.'bu happen, on a Sunday, it i. held on the Monday after. 


Oxford Thefe are four ; which begin and 

end as below : 


Terms 

Begin. 

End. 

Lent Tfcrm 
Halier Teiip 
Trinity Term 
M.chaelmas T. 

•Januaty 14 
wed.af. Lq.vv-Sund 1 
Wed. af. Tnn.Sund. 
O^ober lo 1 

Sal. bet. Falm-Sund. 
Thurf. bcf. Whit fun. 

I Sat. after the ACt 
' December 17 


N. B, The Ja is ift Monday after the 6th of July. 
— When the day of the beginning or ending happens 
•n a Sunday^, the Terms begin or end the day after. 


07w^r/V|?-TERM8. Thefe arc three, as below: 


Terms 1 Begin. 

End. 

Lent Term ' Jauuaiy r j 

Ealler Term ' Wed. ati. Low-Sund. 
Michaclraai T. j Otlober 10 

Frid.bef. I’alm-Sund. 
Fiid. aft. Commence. 
December 16 


N. B. The Commencement is the I ft Tuefday in July. 

^^riitre is no dilference on account of the beginning . 

or coding being Sunday,. ' 

Snititjb 
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Tbrvii In Scothind, Cdfi'diMs Term be- 
hind January 2)d, and cnda February the f2th. IV^U- 
juniiie^Trrm be May '25th » and . ends June i5<h. 
I^mmas-f^rm begins July tl^ 20th, and ends Auguft ^ 
^ the 8th. Alartinnhis-Ttrm begins November the 3d, 
and ends November the 29th. 

Iri/h Terms. In Ireland the Terms arc the fame 
as at l.ondon, except Mtchaelmas^Tetm^ which begins 
Oftober the i jth, and adjourns to November the 3cl, 
and thence to the 6th. 

TERMINATOR, in Aftronomy, a name fome- 
times given tothccircle of illumination, from its property 
oftermrnating the boundaries of light and darknefs. 

TERRA, in Geography. See Earth. 

TERRA^^rw^i, in Geography, is fometimes ufed for 
a continen.t,. in contraoiftindion to iflands. Thus, 
Afia, the Indies, and South America, are ufually dif- 
tinguifhed into Terra-firraas and iflands. 

TERRAQUEOUS, in Geography, an epithet 
given to our globe or earth, confidered as conlltting 
of land and water, which together conflitnte one mafs. 

TERRE-plein, or Terre plaim,' in Fortifica- 
tion, the top, platform, or horizontal furface of the 
rampart, upon which the cannon are placed, and where 
the defenders perform their office. It is fo calRd, be- 
caufe it lies level, having only a little flope outwardly 
to counterad the rccoilof the cannon. Its breadth is 
from 24 to 30 feet j being terminated by the parapet 
on the outer fide, and inwardly by the inner talus. 

TERR ELL A, or little earth, is a niagnej turned 
of a fphcrical figure, and placed fo as that its poles, 
equator, &c, do exadly coitcfpond with thofc of the 
world. It was fo fuft called by Gilbert, as being a 
jufl; rcpvefciuation of the great magnetic globe we in- 
habit. Such a TerreHa, rt was fuppofed, if nicely 
poifed, and hung in a meridian like a globe, would be 
turned round like the earth in 24 hours by the magnetic 
particles pcivading It } but experience has flicwu that 
this is a millake. 

TERRESTRIAL, fomething relating to the earth. 
As Terreftrial globe, Terrellrlal line, &c. 

TERTIAN 4 denotes an old meafure, containing 
84 gallons, fo called becaufc it is the 3d part of a tun. 

TERTIATE, in Gunnery. To Tcrtiate a great 
gun, is to examine the thlckncfs of the metal at the 
muzzle, by which to judge of the Ihength of the piece, 
and whether it be fnfficiently fortified or not. 

TETRACHORD, in Mufic, called by the moderns 
a fourth^ is a concord or interval of four tones,— The 
Tetrachord of the ancients, was a rank of four ilrings, 
accounting the Tctracliord for one tone, as it is often 
taken in mufic. 

TETJRADfAPASON, or quadruple dtaj^oHj is a 
mufical chord, otherwlfc called a quadruple eighth, or 
.a nine and -twentieth. 

TETRAEDRON, or Tetrahsoron, in Geome- 
try, is one of the five Platonic or regular bodies or fo- 
lids, comprehended under four equilateral and equal 
triangles. Or it is a triangular pyramid of four equal 
and equilateral faces. 

. It IS demonllratcd in j^eometry, that the fidc' of a 
Tetiaedron is to the diameter of its cireumferibing 
iphu’e, as ^2 to ^5 j confequcnlly they arc incom- 
M^dlUrable. 


If a dmHe tltf linear edge or fide «f a Tetfstdron 
i its whole fupcrnciea, c its IbHdity, r the radius of its 
infciibedfphere, andR the radius of itscircumfcribing 
fphere ; then the general relation ambog all ihefe is cx- 
prefled by the following equations, viz, 

a = 2 r ^6 r= fRy/fi =: 
b = 24^* i\/3~ ^ b ^ 

c =8/-V3 =i?RV3=y*i4V^ = 

R= 3 r = = \^\^y 

r = JR =t>a /6 2V3 

See my Menfuration, pa. 248 &c, 2d ed. See alib 
the articles Regular and Bodies. 

TETRAGON, in Geometry, a quadrangle, or jl 
figure having 4 angles. Such as a fquare, a paiallclo- 
gram, a rhombus, and a trapezium. It foinctimes al- 
fo means peculiarly a fquarc, 

Tetragon, in Allrology, denotes an afped of tuw 
planets with regard to the earth, when they arc dilLn: 
from each other a 4th part of a circle, or 90 degree^. 
The Tetragon is cxpreflctl by the chaia^Ur □ , and i.. 
otherwife called a Iquarc or quartile afped. 

TETRAGQNIAS, a meteor, vvhofe head is of 
a quadrangular figure, and its tail or train is long, 
thick, and unifoim. It docs not differ much from 
the meteor called Trnbs or beam. 

TETRA< iONlliiM, a term which fomc authms 
ufe to exprefs the quadrature of the circle, bccaufi 
the quadrature is the finding a fquare equal to it. 

TETRASPASTON, in. Mechanics, a machine m 
which arc four pulleys, 

TETRASTYLE, in the Ancient AichlteiJlure, a 
building, and particularly a temple, with four columns 
in front. 

THALES, a celebrated Gieek phllofopher, and 
the iirll of the feven wifemen of Greece, was born ,1: 
Miletumj about 640 years before ChrilL Alter ac* 
quiring the ufual learning of his own country, he tM- 
velled into Egypt and fcveral parts of Afia, to learn 
all ronomy,. geometry, myftical divinity, natural knave 
ledge or pUilofophy, /kc. In Egypt he met for fomt 
time great favour from the king, Amafis ; but lie 
it again, by the freedom of his remarks on the conduct 
of kings, which it is faid occafioned his return to his 
own country, where he communicated the knowledge 
he bad acquired to many diCciples, among the principal 
of whom were Anaximander, Anaximenes, and Pytha- 
goras, and was the author of the Ionian fc£l of philo- 
lophers. He always however lived very retired, and re 
fufed the proffered favouis of many great men. He wao 
often vifited by Solon ; and it faid he took great plea- 
fure in thcconverfation ofThrafybulus, whole extellent 
wit made him forget that he was Tyrant of Miletum. 

Laertius, and Teveral other writers, agree, that h<* 
was the father , of the Greek philofophy ; being ihf 
firft that made any refearches into natural knowledge, 
and mathematics. His d6drine was, fliat water was 
the principle of w'hich all the bodies in the univerfe are 
compofed ; that the world was the work of God ; ami 
that God fees the fnoft fecrct thoughts in the heart ot 
man. He fiid, that in order to live wcW) ought 
to abftain from what we ^nd fault with iu others i that 
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bodik conMi in health | an^ that of the wind 
**h knowledge. That the moft ancient of beings is 
God, becanfe he is uncreated j that nothing is more 
beautiful than the world, becaufe it is the work of God ; 
nothing more extenfive than fpacc, quicker than fpirit, 
Wronger than neceflily, wifer than time. He ufed to 
obferve, that we ought never to fay that to any one 
tvhich may be turned to our piejudice ; and that vre 
fbould live with our friends as with perfons that may 
become our enemies. 

In Geometry, it has been faid, lie was a conijderable 
inventor, as well as an improver; particularly in trian- 
gles. And all the writers agree, that he was the full, 
even in Egypt, who took the height of the pyramids 
by the fhadow. 

His knowledge and improvements in airronomy were 
very conlidcrablc. He divided the crlellial fpherC into 
rtve circles or xoncs, the ar£lic and antarctic circles, the 
two tropical circles, and the equator. He obferved 
the apparent diameter of the fun, which he made equal 
to half a degree ; and formed the conllcllation of the 
Little Bear. He obferved the nature and courfe of 
eclipfes. and calculated them exadly ; one in particular, 
memorably recorded by Herodotus, as it happened on 
a day of battle between the Medesand Lydians, which, 
Laertius fays, he had foretold to the lonians. And 
the fame author informs us, that he divided the year in- 
to 365 days.- Plutarch not only confirms his general 
knowledge of ecllpfes,^ but that his do^lrlne was, that 
an eclipfc of the fun is occafioned by the intervention of 
ilic moon, and that an eclipfe of the moon is caufed by 

the intervention of the earth. ^ 

His morals were as jud, as his mathematics well 
gtounded, and his judgment in civil affairs equal to ci- 
ther. He was very averfeto tyranny, and efteemed mon- 
archy little better in any fhape.— Diogenes E.acrtuis 
relates, that walking to contemplate the ftars, he idi 
into n ditch ; on wdiich a good old woman, that attend- 
him, exclaimed, How canft thou know what is 
doing in tKe heavens, when thou feell not what is at 
thy feet -He went to vifrt Creefus, who was march- 
ing a powerful army into Cappadocia, and enabled him 
to pafs the river Halys without making a bridge. 
Thales died foon after, at above 90 years of age, it is 
faid, at the Olympic games, where, opprened with 
third, and a load of years, he, in public view, funk 
into the arms of his friends, uri 1 

Concerning his writings, it remains doubtful whe- 
ther he left any behind him ; at lead none have come 
down to us. . Auguftinc mciuions fome books of Natu- 
ral Philofophy ; Simplicius, iomc written on Nauiic 
A Urology ; Laertius, twotreatifes on the 1 ropicsand 
Equinoxes; and Suidas, a treatife on Meteors, writ* 
ten in verfe. , , ^ 

THAMMUZ, in Chronology, the lolh month, ot 
the year of the Jews, containing 29 days, and aniwer- 


Jogto our June, . , r * 

THEMI^ in Aftfonomy, a nama given by iomata 
tbf 31! iiiicUice of Jupiter. r . • r 

THEOnOLiTE, an inftrwncnt much ufed in lur- 
veying, for taking angles, dillanccs, altitudes, etc. 

This inftrumcilt is vanioufly made ; different per on 
^ving their fcveral ways of contriving it, each attempt 
to make it stiort topic and portable, more accura.t 


and cxpeditioiit, than others, It ufualty eoRfilts of a 
brafs circle, about a foot diameter, cut in fbrm of fig, 
pi. 31 ; haviniji its limb divided into 260 degrees, 
and each degjec lubdivided either diagonally, or other- 
wife, into minutes. Underneath, at cr, are fixed two ^ 
little pillars hb (fig. 6), which fupport an axis, bearing 
a tclefcope, for vie\v!iigR*mote obje^s. 

On the cenne of the circle moves the index C, which 
is a circular plate, having a compafs in the middle, the 
meiidian line of which anfwers to the fiducial line ; 
at bh are fixed two pillars to fupport an axis, bearing a 
tclefcope like the former, whofe line of collimation aii- 
fwers to the fiducial line na. At each end of either te- 
lefcope is, or may be, fixed a plain fight, for the vievv’- 
ing of nearer objefts. 

The ends of the index aa are cut circularly, to fit 
the divilionsof tlic limb B ; and when that limb isdla- 

S onally divided, the fiducial line at one end of the in- 
ex flicws the degrees and minutes upon the limb. It 
is alfo furnifhed with crofs fplrit levels, for felling the 
plane of the circle truly horizontal ; and a vertical arch, 
divided into degrees, for taking angles of elevation and 
depreflion. The whole inllniment is mounted with a 
ball and focket, upon a three-legged ilaft 

Many Theodohtes however nave no telefcopes, but 
only four plain fights, two of them fallcned on the limb, 
and two on tire ends of the index. Two different ones, 
mounted on their Hand, are rcprcfeiued in fig* 2 and 3, 
plate 33. 

The ufe of the Theodolite is abundantly (hewn in 
that of the femicircle, which is only half a Theodo- 
lite. And the index and compafs of the Theodolite 
ferve alfo for a circumferentor, and arc ufed as iuch. 

The ingenious Mr Ramfden has lately made a mod 
excellent 'riieodolite, for the ufe of the military furvey 
now car r y rng on in England. 

THEODOSIUS, a celebrated mathematician, who ' 
flourifhed in the times of Cicero and Fompey ; but the 
time and place of Iris death aie unknown. This Thco- 
dofius, the Tripolltc, as mentioned by Suidas, is pro- 
bably the fame with Thcodofius the phjlofopher of By- 
thinia, who Strabo fays excelled in the matlremalical 
fciences, as .alfo his fons; for the fame perlon might 
have iravclled from the one of ihofe places to the 
other, and fpent part of his life in each of them ; like 
as Hipparchus was called by Strabo the Bythinian j 
but by Ptolomy and others the Rhodian. 

Thcodofius chiefly cultivated that part of geome- 
try which relates to the doarine df the fphere, con- 
cerning which he publiflicd three books. J he firft of 
thefe contains 22 ptxjpofitions ; the fecond 23 ; .and the 
tliird 14; all demonllrated in the pure geometrical 
manner of the Ancients. Ptolomy made great ufe of 
thefe propofitions,^ as well aa all fuccccding* writers. 
Tliefc books were ti'anflated by the Arabians, out of 
the original' Greek, into their own language. From > 
the Arabic, the work was again tranflated into Latin^. 
and printed at Venice. But the Arabic verfioa bdng 
very defeaive, a more complete edition was pubtitod 
in Greek and Latin, at Fans 155^^, by John Pena, Re- 
gius Profeffor of Aftronorny. And V it ello acquired 
reputation by tranflating Theodofius into Latin. This 
author’s works were alfo commented on and illuftrated 
by Clavius, Helcgaiiius, aud. Guarinus, and laftly by 
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Be CUales, m Ills Curfus Mathcmatku®. But that 
edition of Theodofiua*# Spherici which is noiv moft in 
ufe, was tranflated, and publiihed, by our countryman 
the learned Dr. BaiTow, in the yeaf 1675, illuhrated 
and demonftrated in a new and concife method. By 
this author’s account, Theodofius appears not only 
to be a great mailer In this more difficult part of geo- 
metry, but the firft confiderablc author of antiquity 
who has written on that fubjtrdl, 

Theodofius too wrote concerning the Ctledial 
Houfes ; alfo of Days and Nights ; copies of w*lu'ch, 
in Greek, are in the king’s library at Paris. Of which 
there was a Latin edition, publiflied by Peter Dafy- 
pody, in the year 1572. 

' THEON, of Alexandria, a celebrated Greek philofo- 
pher and mathematician, who flourlflied in the 4th cen- 
tury, about the year 380, in the timeofTheodofius the 
Great ; but the time and manner of his death are un- 
known. His genius and difpotiiion for the fludy of 
philofophy were very early improved by a clofc appli- 
cation to lludy ; fo that he acquired fuch a proficiency 
in the fciences, as to render his name venerable in hil- 
tory ; and to procure him the honour of being prcli- 
dent of the famous Alexandrian fchool. One of his 
pupils was the admirable Hypatia, his daughter, who 
fucceeded him in the prelidency of the fchool ; a truft, 
which, like himfclf, (he difeharged with the grcatcll 
honour and ufefulnefs. [See her life in its place in the 
firfl volume of this Didionary.] 

The fludy of nature led Theon to many juft concep- 
tions concerning God, and to many ufeful refleidions in 
the fcicnce of moral philofophy; hence, it is faid, he 
wr«te with great accuracy on divine providence. And 
he feems to have made it his (landing rule, to judge 
the truth of ceitain principles, or lentimente, from 
their natural or neceftary tendency. Thus, he fays, 
that a full perfuafion, that the Deity fees every thing 
we do, is the ftrongeft incentive to virtue ; for he in- 
lifts, that the moll profligate have power to refrain 
their hands, and hold tlicir tongues, when they think 
they are obferved, or overheard, by fome perfon whom 
they fear or refptdl. With how much moic reafon 
then, fays he, lliould tlie apprehenfion and belief, that 
God fees all thingfi, vtlirain men from fin, and coii- 
llantly excite them to tluir duty ? He alfo reprefents 
this belief, concerning the Deity, as produdlive of the 
greateft pleafure jmaginable, efpecially to the virtuoua, 
who might depend with greater confidence on the favour 
and pttedlion of Providence. For this reafon, he 
lecommcndh nutliing fo much as meditation on the pre- 
fence of God ; and he, recommended it to the civil ma- 
gillr^te, as .i reftuint on fuch as were profane and 
wicked, to have the following inferiplion written, in 
large charadlei's, at the corner of every ftreet ; God 
^ svEs THF.E, O Sinner. 

Theon wrote notes and commentaries on fome of the 
ancient mathematicians. He compofed alfo a book, -en- 
titled Pro^^mnofmata^ a rhetorical work, written with 
great judgment and elegance ; in which he criticifedon 
•the writings of fome illuftrious oratois and hiftorians; 
pointing out, with great propriety and judgment, their 
Beauties and imperrcdlions ; and laying down proper 
rules for propriety of ilyle. He recommends concife- 
Refs of expreffion, and perfpicuity, as the principal orna- 


ments. This book printed Bafle, in the year 1 341; 
but thebeft edition it that of Lcydeu, 'in 1B26, in 8vol 
THEOPHRASTUS, a celebmed Greek philofo- 
pher, vvasHhe fon.of Melanthus, and was \m\\ at 
Erctus in Becotia. He w&s at firft the dilciple of Lu* 
cippus, then of Plato, and laftly of Arlftotle ; whom 
he liiccccdcd in his fchool, about the 322ci year before 
the Chnftian era, and taught philofophy at Athe is 
with great applaiife. 

He faid of an orator without judgment, that lio 
was a horfe without a bridle.” He ufed alfo to fa), 
“ There is nothing fo valuable as time, and thofe who 
lavifh it are the moft iucxcufablc of all prodlgaU.'’— - 
He died at about 100 ycdrs of age. 

Thfophralliis wrote many works, the principal of 
which are the following — i. An excellent inotal iica- 
tife entitled, Charaihrs, which, he fays in the piLf.’.Lc, 
he compofed at 99 years of age. Ifaac Cafaubun hab 
w'ritten learned commentaries on this fmall treatife. It 
has been tranflated from the Greek into Frencli, by 
Bruytre ; and it has alfo been tranftated into Englifli.-- 
2. A curious livauTc on Plants. — 3. A tuatife on fulii!-, 
or ftones ; of which Dr. Hill furs given a good eduiuii, 
w'ith an EngliHi tranflation, and learned notes, in Bvo, 
THEOREM, a propolitiori which tcrminaieij m 
theory,- and wliich conlidcts the properties of tliin.'s 
already made or done. Or, a Theorem Is a fpLCu! ili\( 
propofitioii, deduced from fcveral dcfiuitiops eompai i 
together. Thus, if a triangle be compaied with .1 
parallelogram ftand ng on the fame bafe, and of tiic 
fame altitude, and jxu tly fiom ihcir immediate dJbu- 
tions, and partly from other of their pi opei lies already 
determined, it is inferred that the p.uailelogram 13 dou- 
ble the triangle ; that propofition is a Thcoiem. 

Theorem Hands contradi(lingui(hed from problem, 
which denotes fomething to be done or conlli tided, as 
a Theorem propofes fomething to be proved or dt* 
inon Irated. 

There arc two things to be chiefl)r regarded in cuiy 
Theorem, viz, the propofition, and the demonllrutiou. 
In the firft is exprefled what agreqs to fome ccitaui 
thing, under certain conditions, and what does not. lu 
the latter, the rcafoiis arc laid down by which the un- 
derftaiiding comes to conceive that it docs or docs 
not agree to it. 

Theorems are of various kinds : as, 

Univerfal Theorem, is that wdiicU extends to nay 
quantity without lellruftiou, univerfaliy. As this, that 
the redangle or produdft of the fum and differeiKc ct 
any two quantities, is equal to the diftetence of tbtir 
fquares. 

Pat titular Theorem, i«<th*t which, extends only to 
a particular -quantity. As this, in an equilateral rtcti- 
linear triangle, each angle Is equal to 60 deg ices. 
iVe^aZ/WTHroREM, is that which exprelk;. the m* 
offibility of an/ aftertioii. As, that the lum or 
iquadrate numbers cannot make a fquare nninher. 
i.ocij/THEOitBM is that which relates to a fin face. A-j 
that triangles of the fame bale and altitude aic eqii -‘- 
- Plane Theorem, is that which relates to a lin'K'<-'‘ 
that is either redilipear or bounded by the circunm''- 
cnce of a circle. As, that all aoglcs^in the fa^nc u,-,' 
inent of a circle aiC equal, 

^Si.li(i TwEOtt&M, is thpt wluchcoBfiders a fp-*;*-' 
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niln3tedl)y a folidliue; ; that 1*9, by any of the three com'c 
feaions. As this, that if a right line cut two afymp. 
totic parabolas, its two parts terminated by them fliall 
be equal* 

Theorem, is one whofe converfc is true.* 
JKif that if a tnangle have two fides equal, it has alfo 
two angles equal the converge of which is likewife 
itue, viz, that if the triangle have two angles equal, it 
has alfo two lidcs equal, ^ 

THHORY, a doftrine \yhich terminates in the 
folo fpcculation or confideration of its ohjft^, with- 
out any view to the practice or application of it. 

To be learned in an art, SiCf the Theory is fufficient; 
tf) be a inafter of it, both the Theory and pra< 51 icc arc 
r< (pjilite.— Machines often promife very well in Tlicoi y, 
but fail in tbe practice. 

We fay Theory of tlie moon, Theory of the tain- 
how, of the mlcrofcope, of the camera obfeina, &c. 

'I’liEORiES^/' th^ &.C, arc fydems or hypo- 

thtfes, according to wliicli the allronomcis cxj)lain 
the rcafons of the pltenomcna or appearances of 
them. 

THERMOMETER, an InRrnment for meafuiing 
tlic temperature of the air, &c, as to heat and cold. 

The Thermometer and thtrmofeope are ufually ac- 
counted the fame thing. But Wolfms makes a diffca*- 
cnce ; and he alfo (hews that what w'c call Thctmomc- 
tets, are really no more than thermofcopcs. 

The invention of the Thermometer is attributed to 
fevcral perfons by different authoia, viz, to f^andorio, 
Galileo, father Paul, and to Drebhel. 'iTus, the in- 
vention is aferibed to Cornelius Drebhel of Alcmar, 
about the beginning of the 17th century, byhiscoun. 
trymen Boerhaave (Chem. r, pi. 152, 156), aiul Muf- 
ft nenbroeeje (Introd. ad Phil. Nat.vol. 2, pa. 625). — 
Etilgcnzio, in his Life of father faul, gives him the 
honour of the iirfl difeovery. — Vincenzio Viviani ( Vit. 
dcl’Galil. pa. 67 ; alfo Oper. di Gahl. pref. pa. 47) 
fpcaks of Galileo as the inventor of Theimometeis, — 
But Sandofino (Com. in Galen. Art. Med. pa. 736, 
842, Com. in Avicen, Can. Fen. I, pa. 22, 78, 219) 
exprefsly afl’umes to himfelf this invention : and J 3 ou‘IIi 
(Dc Mot. Animal. 2, prop. 175) and Malpighi (Oper. 
PolUi. pn. 30) aferibe it to him without referve. Upon 
which I)r. Martine remarks, that tliefe Florentine aca- 
demicians are not to be fnfpcded of partiality in favour 
of one of the Patavinian fcfjnol. 

But whoever was the firff inventor of this inflrumcnt, 
it was at firfl very rude and im|ierfcd; and as the va- 
rious degrees of heat were indicated by the different 
contradion or expanfion of air, it w^as aftci wards found 
to be an uncertain and fomecimes a deceiving rneafure 
of heat, bccaufe the bulk of the air was affe'^fed, not 
only by the difference of heat, but alfo by the variable 
Weight of the atmofphere. 

There arc various kinds of Thermometers, the con- 
%udion, defeds, theory, &c, of which, are as fol- 
low. 

The jlir Thermometer. — This inflrurnent de- 
pends on the rarefadion of the air, Jt conlills of a 
glafs tube BE (dg. 1, pi. 34) conneded at one end 
with a large glafs ball A, and at the other end im- 
rnerfed in an open veflel, or terminating in a ball DE, 
""‘th a narroiy orifice at D j which vefTcl, or ball, 
VoL. II. 


(Contains any coloured liquor that will not cafdy freeze. 
Aquafortis tinged of a line blue colour with folution of 
vitriol or copper, or fpirit of wine tinged with cochi- 
neal, will anhver thispnrpofe. But the hall A mud be 
firft modcTatcIy warmed, fo that a part of the air con- 
tained in it may be expelled thniugh the orifice O ; and 
then the liquor preffed by the weight of the atmofphere, 
will enter tlie ball DE, and lile, for example, to the 
middle of the tube at C, at a mean teinpeiaturc of the 
weatJicr ; and in this ll itc the liquor by its weight, And 
the .u'r included in the hull and tube ABC, by its clafli- 
city, will countcihalauct the weight of the atmofphtre. 
As tlie lurronnJing air becomes warmer, the air in 
ifiebdil aiulthe iippci part of the tube, expanding by 
heat, wall (hive tlie liipiorinto the low'd* ball, and con- 
ictpicnlly its fmf>ice will dcicend ; on the oontiary, ai 
the ambient aii beromes colder, llial in the hall is coii- 
denfed, andlhe lupioi, pudhd by the Weight of tlieat- 
inorphere, will afeend ; fo tliat the litjuor in tlic tube 
will alcend or defeend more 01 Ids, aicoiditig to the 
Hate of tin: air contiguous to tlie inlliuinent. To the 
tube is alfixcd a fcalc of the fame Icnglli, divided up- 
watds mid downwards, from the middle C, into too 
equal parts, by means of which may he obllrved the 
afccnt and d<.rcc.nt of the licpior In tlic tube, and coa- 
fcqiiently the vaiiations alfo in the te mperature of the 
atinofphere. 

A fimilar Thermometer nny be confliinfled hy pnf> 
ting a fmall quantity of mercury, not exceeding the 
bulk of a pea, into the tube BC (lig. 4, pb33), bcni 
into wreaths, that taking up the lefs height, it may be 
tlic more manageable, and Icfs liable to harm ; divide 
this tube into any niiinhcr of equal parts to ferve for a 
fcalc. Here th.c appiuadics of tlie mercury towards 
the hall A will flicvv the Increarc of the degree of heat. 
The rcafon of wliicli is the fame as in the fount r. 

The defet^t of both tliefc inftruments corilifls in this, 
that they are liable to be adfed on by a double caufe : 
for, not only a dccreafcof heat, but alfo an increafe of 
weight of the atmofphere, will make the liquor life in 
the one, and the mcicury in the othei ; and, on the 
contrary, either an increafe of heat, ordccieafeof the 
weight of the atniorpheie, will caufe llicin to de- 
feend. 

For thefe, and other rcafons, 'Flu i rnotnttciK of this 
kind have been long difnftd. However, M. Amoii- 
tons, in 1702, with a view of perfedding the aciial 
Thermometer, contrived liis Utnvirfd} 1 hertnomelcr^ 
Finding that the changes produced by heat and cold in 
the bulk of the air were fubje£l to inviiiciVdc irregula- 
rities, he fnbllitutcd for thefe tlie variations prcninced 
by heat ill the clalUc force of this fluid. This Ther- 
mometer confided of a long tube of gbfs (fig. 3, pi. 34) 
open at one end, and recurved at tin: other end, w-hicU 
terminated in a ball. A ceitain quantity of air was 
comprefled into this ball by the weight of a column of 
mercury, and alfo hy the weight of the atmofphere. 
The effc6l of heat on this included air was to make it 
fuflain a greater or lefs weight ; and this c(Fe<^ was 
incafiired by the variation of the column of mercuiy in 
the tubc,corrc6led by that of the barometer, with refpi.H 
to the changes of the weight of the externid air. Tliis 
inftrument, though much moreperfed than tlie former, 
is neverthelcfs fubjed to very confidcinblc defe£ls and 
4 F incon- 
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I'nconvem’encca. Its length of 4 feet renders it unfit 
for a variety of experiments, and its conitrudion is 
difficult and complex : it is extremely inconvenient for 
carriage, as a very fmall inclination of the tube would 
fuffer the included air to cfcape : and the fridion of 
the mercury in the tube, and the compreffibility of the 
air, contribute to render the indications of this inllru- 
ment extremely uncertain. Bcfides, the dilatation of 
the air is not fo regularly proportional to Its heat, nor 
is Its dilatation by a given heat nearly fo uniform as 
he fuppoled. Tli’s depends much on its moillure ; for 
diy air docs not expand near fo much by a given heat, 
as air ilored with watery particles. For thefe, and 
other rcafons, enumerated by Dc Luc (Recherches 
fur ks Mod. del’Atmo. tom. i, pa. 278 &c), this in* 
iliument was Imitated by very few, and never came in- 
to general ul’e. 

Of the FlorcniiHc Tu ermometex. — The academifis 
del Cimento, about the middle of the 1 7th century, 
fonlldcring the inconvenitneies of the air Thermome- 
teis above deferihed, attempted another, that fhduld 
meafure heat and cold by the rarefaction and condenfa- 
tion of fpiiitof wine; though much lefs than ihofe of 
air, and conlequcutly the alterations in the degree of 
beat likely to be much lefs fenfible. 

The fpirit of wine coloured, was included in a very 
fine and cylindrical glafs tube (fig. 2, pi. 34),exhaurted 
of its air, having a hollow ball at one end A, and herme- 
tically fealed at the other end D. The ball and tube 
aie filled with redified fpirit of wine to a convenient 
lieight, as to C\ when the weather is cf a mean tem- 
peratuie, which may be done by inveiting the tube in- 
to a vcffel of (lugnant coloured fpirit, under a receiver 
of the air*piimp, or in any other way. When the, 
thermometer is properly filled, the end D is heated 
red hot by a lamp, and then hermetically fealed, leav- 
ing the included air of about | of its natural denfity, 
to prevent the air whicli is in the fpirit from dividing it 
in Its cxpaiifion. To the tube is applied a fcalc, di- 
vided from the middle, into too equal parts, upwards 
and downwards. 

Now fpirit of wine rarefying and condcnfing very 
confiderably ; as the heat of the ambient atmorphere 
iiicrcafcs, the fpirit will dilate, and fo afeend in the 
tube ; and as the heat decreafes, the fpirit wdll de- 
feend ; and the degree or quantity of the motion will 
be fhewn by the attached fcale. 

Thefe Thermometers could not he fubjeft to any in- 
convenience by an evaporation of the liquor, or a va- 
ruible gravity of the incunibeut atmofphere, Inllru* 
meiits of this kind were firll introduced into England 
by Mr, Boyle, and they foon came into general ufe 
anioiiji^phiiofophers in other countries. They are how- 
ever iiibjert to confiderablc inconveniences, from the 
weight of the liquor Itfelf, and from the elallicity of the 
air above it in thc tube, both whicli prevent the free- 
dom of its a (cent ; befidcs, the rarefadtions are not 
cxadfly proportional to the furrounding heat. More- 
over fpirit of win/! is incapable of bearing very great 
heat or very great cold : it boils fdoner than any other 
liquor ; and tlicrefore the degrees of heat of boiling 
fluids cannot be determined by this Thermometer. And 
though it retains its fluidity in pretty fcverecold, yet it 
fcems not to condenfc very regularly in them ; and at 


Torncao, n^r the polar circle, the winter cold wasft^ 
fttvere, as Mlupertuis informs us, that the fpirits were 
frozen in att iheir Thermometers. So that the degrees 
of heat and cold, which fpirit of wine is capable of 
indicating, is much too limited to be of very great w 
general ufe. 

Another great defedl of thefe, and other Thermomc- 
ters, is, that their degrees cannot be compared with 
each other. It is true they maik tlie variations of heat 
and cold ; but each marks for itfelf, and after its own 
manner; bccaufe they do nut proceed from any point 
of temperature that is common to all of them. 

From thefe and various other impei Fcdioiis In thefe 
Thermometers, it happens,, that the comparlfons oi 
them become fo precarious and deledive : and yet the 
moll curious and interclling ufe of them, Is what oiigli! 
to arife from fuch comparifon. It is by this we flioiui 
know the heat or cold of another feafoii, of anotlut 
year, another climate, See ; and what is the givatt - 1 
degree of heat or cold that men and other animals 
can fubfik in, 

Reaumur contrived a new Thcimomcter, in wliick 
the inconveniences of the former arc propofed to be rc« 
rqcdicd. He took a large ball and tube, the coiiteiii 
or dlnienfions of which arc known in every part ; he 
graduated the tube, fo that thefpacc from one diviliou 
to another might contain a 1 000th part of the luj'jor, 
which liquor would contain 1000 parts when it Hood 
at the fi'cezing point : llien putting the ball of loi 
Thermometer and pait of the tube into boiling watu', 
he obferved whether it rofe 80 divifions : if it exceed- 
ed thefe, he changed his liquor, and by adding water 
lowered it, till upon trial it fltould jull rife 80 divilirins ; 
or if the liquor, being too low, fell fliort of 80 divifioir, 
he raifed it by adding redified fpirit to it. The hqma- 
thus prepared fuitcdliis purpofe, and fervedfor inakirg 
a Thermometer of any llzc, whofc fcalc would agi e 
with hisllandard. Sucli liquor, or fpirits, being aho it 
the llrength of common brandy, may eafily lu h ’ 1 
any wdtere, or made of a proper degree of denfity by 
raifing or lowering it. 

The abbd Nollet made many excellent Thermonu- 
ters upon Reaumur's principle. Dr. Marline however 
cxprelkshis apprehenfions that Thermometers of tl; 5 
kind cannot admit of fuch accuracy as might he wii.,- 
ed. The balls or bulbs, being large, as 3 or 4 imb^ ■ 
in diameter, are neither heated nos cooled foonenoj d 
to Ihcw the variations of heat. Swiall bulbs ar.d fm^b 
tubes, he fays, are much more convenient, and inny 
be conftruded with fufiiclent accuracy. Though i* 
mull be allowed that Reaumur, by his excellent le<ih» 
and by depriving the fpirit of itsair, and expelling 
air by means of heat from the ball and tube of his 1 her- 
mometcr, has brought it'toas much perfedion as mav 
be ; yet it is liable to fome of the inconv^nitnets ca 
fpirit Thermometers, and is muck inferior to meici'.- 
rial ones. Thefe two kinds do not agree togellKi^ in 
indicating the fame degrees of intenfe cold; tor vy*‘tn 
the mercury has flood at 22® below o, the fp^it 
cated only 18°, and when the mercury flood at 28 cf 
37® below o, the fpirit rcfled at 25° or 2y®. 
defcriptlon of Reaumur's Thermometer at large m 
Mem. de I’Acad, des Sclenc. an. 1730, pa. “ * 

pa. 15. Ib. an. 1731, pa. 354, Hilt. pa. 7. 
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Mei'curtal Thermometer. It is^amoft import- 

ant drcumftance in the conftru6tiun of Thermometers, 
to procure a fluid that mcafnrp equal variations of heat 
by correfpondiijg equal variations in its own hulk ; and 
the fluid which poltcflcs this cflential rcqinfilc in the 
mull perfed degree, is mercury : the variations In its 
bulk approaching nearer to a proportion witlj the cor- 
telpunding variations of its heat, than any other fluid. 
13 elides, it is the mofl eafy to pinge of its air; and Is 
alfo the mod proper for mwafurini; very confjderalde \ a- 
nations of heat and cold, as it will bear more cold l)e- 
t\re frei/ing, and more heat before boding, than any 
otlwi fluid. Mercury is alio more feufible than any 
othei fluid, aireveepud, or cwiforms nioie fpeeddy to 
tliO fcveial vai iations of heat. Moreover, asniciviny Is 
an I'.omogencoUJ fluid, it will in evciy Tliennonicter 
edubitthe fame dilatation or couJenf.itlon hy the lame 
\ariatIons of lieat, 

i)r. Halley, though apjinVeJ only of fume of the 
lem-ukalilc propei;iesof ineicmy aljovc leeited, Icems 
to have been the lirll who fugg efled the application of 
this fluid to the conflrudiuii of I liermoineteis. Philof. 
Tranf. Abr. vol. 2, pn. 3:}. 

Doerhaavc (Clicm. i, pa, 720) fays, thefe meiru- 
lial Thermometers were fnfl contrived by Olau.s Roe- 
incr ; but the claims of Falirenhclt of Amllcrdam, 
who gave an account of liis invention to the Royal So- 
ciety in J724, (Philof. Tranf, num. 381, 01 Ahr, 
vd. 7, pa, 49} leave been generally allov/ed. Au<l 
tiiwUgli Prius and others, in Pcglaiul, Holland, Immiuc, 
and other couiittics, have made tins inlliumciit as wdl 
as Fahrenheit, moll of the meicuiial ThermoiiKteis 
arc graduated according to Ids fcale, and arc called 
i'ah renheit b tT In rmorncltn* 

The cone or cylinder, whicli t|ure Tliermomctcrs 
me often made with, inilead of the ball, is made of 
glafs of a moderate thicknefs, Icfl, when the CAliaullcd 
tube is hermetically fcalcd, its intern?d capacity IhouKl 
he dimininied by the weight of the ambient atmo* 
fphere, Wlicn themicrciii y Is tliorouglily purged of 
its air and moifture hy boiling, tlie Tlicrmonutcr is 
Idled with a fuflicient quantity of it ; and bcfoic the 
Tube is henncticHlly fcalcd, tlic cur wholly expelled 
fiom it hy heating the mercury,- lo that it may he rare- 
fied aiid afeend to the top of the tul'C. Tt> the fide of 
the tu!)e is annexeil a fcnlc (fig. 3, pb 34)» which hah- 
renheit divided into 600 paits, beginning with that of 
the fevere cold whrch he had obferved in Iceland in 
or that produced by fiirroundlng the bulb of the 
Tilt imometcr wdih a mixture of fnow or beaten ice 
■ 3 nd ial ammoniac or Tea fait. This he apprehended to 
he the greatefl degree of cold, and accordingly lie 
TTiarkcd this, as the beginning <d his Icalc, with o ; 
the point at w'hich mercury begins to boil, lie coiicciv- 
tofliew the greateft degree of heat, and this he made 
the limit of his fcale. The di fiance between thefe two 
points he divided into 6co equal parts or degrees ; and 
hy trials he found at the freezing point, when water 
jull begins to frcMC, or fnow or icc jufl begins to thaw, 
tliat i)ie mercury flood at 32 of thefe divifions, there- 
fore called the degree of the freezing point ; and wdicn 
the tube w^as imnoerfed in boiling water, the mercury 
yofe to 212, which therefore isthe boiling point, and is 
jafl 180 degi'ces above the former or freezing point* 


But the prefent nlcthod of making the fcale of ih 
Thermometers, which isth^/oit in mo(l common u(e, 
is lirll to imincrge the bulb of the Thermometer in Icc 
or fnow juft beginning to tli.iw, and mark the place 
uhete the nuieuiy Hands with a 3 ’ ; then immerge It 
in boiling uatci, and ay.uii nunk the place wliere the 
mercuiy (lands in the ru> e, which maik willi the luim. 
212, exceedmgtlu f.imci by 180; dividinjg llurefnc 
the Interm«-d:.tte Ipaee into iSo ecpial part;', will give 
the fcale of ilii- Tlici inuinelci, and wldeh may allei- 
wards be coiuinued upwauF and doauwaids at plea* 
fill e. 

Other TIkuh Muetei i. of a fimil ir eundruflion have 
been aecomnnul utd to common ufe, hivi'i|i but a por- 
tion of the abuve fcale, Tti.-y have beui made ot a 
finall i\/M and poitahle fiim, and aJa|tiil with appen* 
dages to patileulai p’ltpt.f s ; md tbe lulie with its an 
nexed fcale Ini’, often iieeii t mdolerl in anolli r thicket 
gl ifs tube, alfo licrmelically fcalcd, to pie^ ive the 
Tiiet motiulcr liom injury. And all llicle aie called 
F.ihrttih It's 1 hif momi'tf/s. 

In 17^3, M. D'e rifle of Pcteifburgh eonflnnflcd a 
ineiLinial rhermometer (ice lig. 3, pi. 011 the 
ptinelplcs of Reauimn 's fpii it 'IflicrmomcUr. In hi* 
Thei mometer, the wliole l>iflk of qnicklilver, when 
immerged in boiling water, is conceived to be divided 
into 100,000 paits; and ft on this one fixed point the 
vaiioi's (leg! ees of heat, either above or below it, are 
m uktHl in tlielc parts on the tube or fcale, by the vanoui 
otpaiilioii or coiitia<::tion of llic qnicklilver in all ima- 
ginable vanktiesol heat. — Dr. Marline apprehends it 
would have been better if Do Tlfle had made the inte- 
ger icojooo parts, or fixed point, at fieezing^ water, 
and from liicnce eornjrutcd tlic dilatations or condeiihr- 
lions of the qulckidver in thole parts ; as all the com- 
mou ohfcrvatioiis of the vve.itlier, .!xe, would have liceii 
exprelfcd hy numbers iucic.irmg as tlie lu'il meicafeil, 
iiillead of dicreafmg, or couiuli g llie euntimy w.iy. 
However, in pinctiec it will not i;e vci v e.dy to de- 
tcimine cxaidly all the divilious fiom the altei itiou of 
tlie bulk of tlicM'outainedrtnld. And bebdcB, ,18 glaf* 
itfelf is dil itcd hy heat, though m a Ut*' propoition 
than quicklilvet, it is only the excels of tlie dilatation 
of the coiit.iincd fluid above ih.u ol tlie g'bds ibat ii 
e>!)leived; and therefore if diflcic iit kinds of glafs be 
diffcicntly afi'eacd hv a gicen degree of huU, this will 
make a fecniing dlirei'enec in the <lilal.it i<'iis of the 
quicklilver in the I'liei luometers coiiilnRlcd in the 
Newtonian method, cithei by Ri.iumnr’s rules or l)c 
rifle’s. Accordingly it has been found, that the 
qiilckfilvcr in l)e Rifle’s Thcrmometeis, lias flood at 
dilfcreiit degrees of the h:ale vvlirm immerged in tliavvln^; 
fnow : liaving flood in lome at w'hih’ In olheis it 

has been at 1 36 or cv^n I > tv k 

Afttall'ic Thermomli'Eh.— 'H ils is a name given to 
a machine compofed of two nulalr, which, wdiilll it 
indicates the variations of heat, feivc,,to corrupt the 
errors hence rcfultiug in the going of pendiihim clock* 
and watches. Ii.flrmneuts of tins kind have been con- 
trived by Graham, Le Ro\ , Fllicot, ^Harrifon, and 
other eiTiiuent artificcis. bee the i’hilof. Iranf, vol. 44, 
pa. 689, and vol. 45, pa. 129, and vol. 51, pa. 823, 
where the p.articular defciiptions &(; ma^ be fecn. 
M. I)e Luc liaslikewifc deferibedU'o Thcrmomctei’; 
4 F 2 ^ 
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of metal, wiiichlic ufcs for correAing the cffe^la of heat 
Upon a barometer, and an hygrometer of his conftruc- 
tion conneded with them. See Phllof. Tianf. vol. 68, 
P» 437 * 

0/7 Thermometers.— To this clafi belongs New- 
ton^s Thermometer, conllrufted in 1701, with linfeed 
oil, inrtead of fpirit of wine. This fluid has the ad- 
vantage of being fufficicntly homogeneous, and cap.a- 
ble of a condderablc rarefadion, not lefs than 15 
times greater than that of fpirit of wine. It has not 
betn obferved to free'/e even in very great colds; and 
it fullaini a gteat bear, about 4 titnes tint of water, 
before it boils. With thefe advantages it v^as made 
life of by Sir I. Newton, w'ho difeoverod by it the 
comparative degree of heat for boiling water, melting 
wajc, boiling fpirit of wine, .and melting tin ; l)eyond 
which it docs not appear that this Theimometer was 
applitd. The method he iifed for adjulling the fcale 
of this oil Thermometer, was as follows: fuppofing the 
bulb, when immerged in thawing fnow, to contain 
10,000 parts, be found the oil expanded by the heat 
of the human body fo as to take up a 39th more fpace, 
or (01)6 fuch parts ; aud by the heat of water boiling 
flrongly 10725 ; and by the heat of melting tin 11516. 
So that, reckoning tlie freezing point as a common limit 
between heiit and cold, he began his fcale there, maiking 
it 0, and the heat of the human body he made 12®; 
and confeqiiently, the degrees of heat being proportional 
to the degrees of rarefaalon, or 256 : 725 :: 12 : 34, 
ibis number 34 will exprefs the heat of boiling water ; 
and, by the fame rule, 72 tliat of melting tin, Philof, 
Tranf. number 270, or Abridg. vol. 4, par. 2, p. 3. 

Theie is an infupcrable inconvenience attending all 
Thermometers millc with oil, or any other vifeid fluid, 
viz, that fuch liquor adheres too much to the lides of 
the tube, and fo inevitably difturbs the regularity and 
uniformity of the Thermometer. 

i)f the fixed points of Thermometers. — Vaiious 
methods have been propofed by different authors, for 
linding a fixed point or degree of heat, from which 
to reckon the other degrees, and adjuft the fcale ; fo 
that different obfeivations and inftiiiments might be 
compared together. Mr. Boyle was very fenfible of 
the inconveniences writing from the want of a univerfal 
fcale and mode of giaduation ; and he propofed either 
the freezing of the effential oilofanifeeds, orofdiftillcd 
water, as a term to begin the numbers at, and fiom 
thence to graduate them according to the proportional 
dilatations or contractions of the included fplrits. 

Dr. Halley (Philof. Tranf. Abr, vol. 2, p. 36) feems 
to have been fully apprized of the bad effeds of the 
indefinite method of conflru\^ing Thermometers, and 
wifhed to have them adjufted to fomc determined points. 
What he feems to prefer, for this purpofe, is the degree 
of temperature founJ in fubtenanean places, where the 
heat in fummer or cold in winter appears to have no 
influence. But this degree of temperature, Dr. Mar- 
ine fhews, is a term for the univerfal conftrudlion of 
Thermometers, both inconvenient asd precarious, as 
it cannot be caflly afeertained, and as the difference of 
foils and depths may occafion a confiderabic variation. 
Another term of heat, which he thought might be of 
life in a general graduation of Thermometeis, is that of 
boiling ipirit of wine that has been* highly redified.. 


The flrft trace that occurs of the method of aftuallv 
applying fixed points or terms to the ITicrmonleier, 
and of graduating it, fo that "the unequal divifionsof it 
might correfpond to equal degrees of heat, is the pro- 
jeft of Renaldini,' proieffor at Padua, in 1694; it is 
thus defcilbcd in the Adia Erud. Lipf. “Take a 
flcnder tube, about 4 palms long, with a ball faftentd 
to the fame ; pour into it fpirit of wine, enough jult 
to fill the ball, when lut rounded with ice, and not a 
drop over: in this Hate feal the orifice of the tube her- 
mclically, and provide i2 veffels, each capable of i on- 
tainiiig a pound of water, and fomewhat more ; atul 
into the firll pour li ounces of cold water, into the 
fecond 10 ounces, into the third g, kc \ this done, 
inunerge the Thermometer in the firlf vtflel, and ponr 
into it one ounce of hot water, obfervlng liow^ high the 
Ipirit rifes in the tube, and noting the point witli unity ; 
then remove tlie Theimometer into the fecond velfel, 
into which are to be pouitd 2 ounces of hot wattr, 
and note the place the Ipirit rifes to with 2 : by thns 
proceeding till tlie whole pound of water is fpent, the 
inftiument w-lll be found divided into 12 parts, denotinj;;; 
fo many terms or degrees of heat ; fo that at 2 the 
heat is double to that at i, at 3 triple, 

But this metlioJ, though phufihle, Wolfiiis fhews, 
is deceitful, and built onfalfe fiippofitions ; foi it taUs 
for gi-anted, that we ha\e one degree of heat, by adding 
one ounce of hot W'ater to 1 1 of cold ; two degrets by 
adding 2 ounces to 10, &c : it fiippofcs alfo, that a 
fingle degree of heat adls on the fpirit of wine, in the 
ball, w ith a fingle force ; a double with a double forct, 
kc ; lallly it fuppofes, that if the effeft be produced in 
the Thermometer by the heat of the ambient air, whicfi 
is hci'e produced by the hot water, the air has the fiiiuo 
degree of heat with the water. 

Soon after this projcdl of Renaldini, viz, in lyot, 
Newton conftrufted his oil Thermometer, and placed 
thebafe or loweft fixed point of his fcale at the tempL- 
lature of thawing fnow’, and 12 at that of the he,' an 
body, 8cc, as above explained. — De Luc obfervtt, that 


the 2d term of this fcale fbopld have been at a greite. 
diftance from the firft, and that the heat of boiling 
water would have anfwered the purpofe better than that 
of the human body. 

In 1702, Amontons contrived his univerfal Ther- 
mometer, the fcale of which was graduated in the foi- 
ing manner. He chofe for ^he firft term, the vveight 
that counterbalanced the air included in hislhermo- 
meter, when it was heated by boiling water : and m 
this ftale he fo adjufted the quantity of mercury con- 
tained in it, till the fum of its height in the tube, and 
of Its height in the barometer at the moment of obier- 
vaiion, w’as equal to 73 inches. Fixing this number 
at the point to which the mercury in the tube iqfe by 
plunging it in boiling w'ater, it is evident that if tnt 
barometer at this time was at 28 inches, the height 0 
tlie column of mercury in the Thermometer, abt>yt t iC 
level of that in the ball, was 45 inches ; but it } ‘■ 
height of the barometer was lefs by a certain quantity ♦ 
the column of the Thermometer ought to be 
by the fame quantity, and reciprocally. He 
his fcale on the fuppofition, that the w'eight^ 
atmofpheie was alw'ays equal to that of a 
mercury of 28 inch^ and he divided it itito 
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from the point 73 downward, marking the divifiona 
with 72, 71, 70, and fubdividing the inches into 
lines. But as the weight of the atmofphere is variable, 
the barometer muft be obferved at the fame time with 
the Thermometer, that the number indicated bv this 
lalt inibument may be properly corrected, by adding 
or fubtraCting the quantity which the meitury is 
below 01 above 2S inches in the baiometei , In this 
fcale then, the freezing point is at niches, cor- 
refponding to 32 degtee^, of b’ahtenhcit, and ilu* lieMt 
of boiling water at 73 inches, anfwei ing to 213 of 
l^hrenhcit's ; and thus they may be ealiiy compared 
together. 

The fixed points of Fahrenheit's Thci mometcr, as 
has been already obferved, arc the congelation pi odiiced 
by fal ammoniac and the heat of boiling water Tlie 
intcjval between thele points is divided int(» 212 equal 
paits ; the foinicr of thefe points being marked o, and 
tlie other 212, 

Reaumur in his Thermometer, the conllrudion of 
which he publilhcd in 1730, begins his fcale at an 
artificial congelation of watei in waim weather, which, 
as he ufes large bulbs for liisglanis, gives the freezing 
point much biglier than it fhwuld he, ami at boding 
water lie marks lio degrees, whieh point Fr. iVlmiinc 
tliinks is more vague and uncertain than his fre«/j‘ng 
point. In order to determine the corrcfporidencc of 
his fealc with that of Fahrenheit, it is to be confidcred 
that his boiling water heat, is really only the boiling 
heat of weakened fplrit of wine, coinciding nearly, as 
Dr. Marline apprehends, with Faioenheit’s iHo de- 
grees. And as his lO;^ degrees is the conftant heat 
of the cave of the obfervatory at Pari*', or Fafiienlieit's 
^3^, he thence finds his fieczing j)oInt, inflend of an- 
fvvcriiig juft to 32*^, to be fomewhat^above 34*^. 

De l^Ide’s Tliermometer, an account of which he 
prefented to the Pcteifburgli Ac<ademy in 1733, has 
cnly one fixed point, which is the lieat of boiling 
Water, and, contrary to the common order, the fc vend 
degrccaare marked from this point downward, accoid- 
mg to the condenfations of the contained qmtkfilver, 
iind confequcntly by numbers incrcalirg as the heat 
decreafes. The freezing point of l)c rifle’s bale, 
Dr. Marline makes ilear to his i coritiponding 
to Fahrenheit's 32, by means of which they may be 
jompared ; but Ducreft fays, that this point ougiit to 
be marked at leall at 154°. 

Ducrert, in his fplrit Thermorrvetcr, con fb tided in 
J 740 > made ufe of two fixed points; the fiifl, or o, 
indicated the temperature of the earth, and was maikr d 
his fcale in the cave of the Paris Obfervatoiy ; and 

other was the heat of boiling water, winch that 
jPibt in his Thermometer was made to endme, by 
t-aying the upper part of the tube full cf air. He 
ividcd the interval betw^een thefe points into 100 equal 
P^rts ; calling the divifions upward, degrees of htat, 

I thofe below o, degrees of cold. — It is (aid that 
^ has fince regulated his Thermometer by the degree 
be io» by melting ice, which he found to 

The Florentine Thermometers were of two forts, 
one fort the ‘freezing point, determined by the 


degree at which the fpirit flood in the ordinary chid of 
iceorlnow (probably m aflvusiiig finte) and coinciding 
with 32 of hahrenheit, fdl at 20^; and in the other 
oit 4t t^j. And the naimal luat of the vifeera of 
cows and deer, Sic, laiful tlu fpiilt in the latter, or 
lels fort, to about 40°, coinciding with their fummer 
he;it, and nearly with in Fahrcnlu it\s ; and in 

tiuir other: or long 'i’luTmoiiKTer, the fpfiit, when 
expofed to tile great rnidluininei: heat in tlieir country, 
rofe to tlic point at which they maiked 80*^. 

In the 1 11C1 rnoincter of the I'ai is Dbfervatory, made 
of jpiiit of wine by l)c la Hire, the Iplrit always ffunds 
atq8^in the cave of the obiirv iioi y, cm relpoiuliiig ti> 

S i <!egrees in Fnlirenheit's ; and his 28" coirefponded 
with 31 inches 6 lines in Amontons* Thermometer, 
and confequent!* w'ith the fictzing point, or 32® of 
Fahienheit's. 

Tn Poleni’s Thermometer, made after the manner 
of Amontons*, Imt with lefs mercuiy, 47 inches cor- 
refponded, accoidiiig toDi'. Marline, with 51 in that 
of Amontons, and 53 with 39 i. 

In tlie flaiidaid Theimometer of the Royal Society 
of Toudoii, accouling to uhiili ’^I’hciinomctcis weie 
for a long time conihufted in Engl.uul, Dr. Marline 
found that 34^ degrees ajdweicd to 64° in Fahrenheit, 
and o to 8y. 

In the Thcrmomctcis graduated for ndjuning the 
degrees of heat proper for exotic plants, See, in flovcs 
ancl grccniunifes, the middle temperatme of the air is 
marked at o, and the degrees of heat and cold arc 
numbered both above and belowu Many of thefe are 
made on no regular and fixed piincijdes. But in that 
fonneiiv much ufed, called Fowleils regulator, tlie 
fpirit fell, in melting fnow, to about 34® under o; and 
Dr. Mnitiiie found that his 16® above o, nearly coin* 
cided with 64''* of Fahrcnhe.’tr 

Dr. Fl.ik's (Statical Efrays,’vol. i, p. 58), in his 
'I'hi iiMciuK.lcr, nuide w'ith fpirit of wu’ue, and ufed in 
cxperiinoiits on vcgdatioii, began his fcalc with the 
lowed degicc of fiet/ing, or 32^ of Fahrenheit, and 
carukd it up to ioo°, which he maiked where tlie 
fjiint flood when the ball vius laatid in hot water, 
upon which foiiie w.ix floating firll began to coagu- 
late, and this point Dr. Alai tine found to corre- 
fponJ with 142° of F.ihrenhelt. But by experience 
it is f'>;ind that Hales’s i OQ fulls confiderably above 
onr 141. 

In I'lH Edinburgh 'Fhermometcr, made with fpirit of 
wine, and uf. d in the nv, ft orologie il obfervalions pnb- 
Irlfed in the Medical EfUiys, the feulc is di\iJcd into 
i:i(.he3 and tenths. In melting fnow the fpirit flood 
at 8 ,V, and the I, cat of the human fkiii raifed it 
to Dt. Maitine foil ici that tlie lieat of the 

perlon \n ho graduated it, was 97 (/f Fuhrciihcit. 

it is often of ufe to compare iliiTcrcnt Thermo- 
nieltrs, in order to judge of the refult of former obfer- 
valions, 1 have annexed from Dr. Marline's HfTays, the 
table by which he compared 15 dillcicnt thermometers. 
See Piatc 34, fig. 3. 

There is ai Thermometer which has often been ufed 
in London, called the Tlivrinometer of Lyons, bccanfc 

M* Criflin 
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M CilfUii brought it there into ufc, which is made 
of mercury : the freezing point is marked o, and the 
interval from that point to the heat of boiling water is 
divided into 100 equal degrees. 

From tlie abdra^: of the hiiloty of the condrinflion 
of Thermometers it appears, that freezing and boiling 
water have fiirnldied the dldinguidiing points that have 
been marked upon almort all 'riiermometers. The in*’ 
ferior fixed point is that of freezing, which fomc have 
determined by the free/ing of water, and others by the 
melting of ice, plunging the hall of the Thermome- 
ter into the water and ice, while melting, which is 
the heft way. The fuperior fixed point ot almod all 
TJiermometers, is the heat of boiling water. But 
tin's point cannot be conlidered as fixed and ccitain, 
iinlels the hint he produced by the iame degioc of boil- 
‘ing, and under the fame weight of uhe atmofphere ; 
for it is found tint the higher the barometer, or the 
heavier the atmofphere, the greater is the heat when 
the water boils. It Is now agreed therefore that the 
operation of plunging the ball of the Thermometer in 
the boiling watci, or fufpending it in the fleam of 
the fame in an inclofed vcffel, be performed when the 
water boils violently, and when the barometer dands at 
30 Englidi inches, In a temperature of ^5° of the 
atmofphere, marking the height of the 1 liermomctcr 
then for the degree of 212 of Fahrenheit ; the point of 
melting ice being 32 of the fame; thus having ifiO 
degrees between tliofe two fixed points, fo determined. 
Tins was Mr. Biui’s method, who it is apprehended 
fnd attended to the date of the barometer, in tlic 
making of Thermometers. But thefe inllnimcnts may 
be made equally tiuc under any predure of the atmo- 
fphere, by making a proper allowance for the didertnee 
in the height of the baiomcter from 30 inches. 
M. De Luc, in his Recheichcs fur les Mod. de I’At- 
mofphcrc, from a I'erles of experiments, has given an 
equation for the allowance on account of this didcrence, 
in Paris mcafiirc, which has been vended by Sir 
Geoige Schuckburgh, Pliilof. Tianf. 177^ and 177^ ; 
all'o l)r. Hordey, Dr. Mafkelync, and Sir Gcoige 
Shuckhurgh have ad.ipted the equation and rules, to 
Lngliih meafures, and have reduced the allowances into 
tables for the iile of the artid. Dr. Hordey^s lule, 
deduced fioin De Luc’s, is this; 

where ^.denotes the heiglit of a Thermometer plunged 
.in boiling water, al)o\e the point of melting ice, in 
(Icgievs of Bud’s I'alueiihcit, anu ^ tlie height of the 
barometer in loihs of an iaeh. From this rule he 
has computed the following table, for dnding the 
heighl^, to wdiicli a good Bird’s Falirenhtit will rife, 
when plunged In boillrg \vattT, in all dates of the ba- 
rometer, from 27 to 31 Englilh inches; which will 
Live, among other ufes, to dire^fl iiidrument makers 
in making a true allowance for the effect of the varia- 
tion ol the barometer, if they diould be obliged to 
fiiiilh a Thermometer at a time w'hen the barometer 
is abt.vc or below 30 inches; though it is bell to 
fix tlic boiling point when the Jjaiomcter is at that 
icight. 


Equation of the Bolling Point, 


Barometer. 

Equation. 

Didcicflce. 

31*0 

+ ''57 
+ 0'79 

078 

30-0 

29-3 

0*00 
— o-8o 

079 

o‘8o 

2 0*0 

— 1-62 

982 

28*0 

27*5 

- 2'45 

- 3 ’ 3 i 

- 4*16 

0 83 

O’ 85 

0-86 

0*83 


- 3*04 


The numbers in the fivd column of this table c\- 
prefs heights of the qnickfilver in the baromctci i.i 
Englidi inches and decimal parts ; the .nl coImvp 
dicws the equation to be applii’d, aocordingK. tlu li-ii 
prefixed, to 212® of Biid’s Fahicniicit, find t'L 
true boiling point for every fiieh Hate of tlie Lmiohu. 
ter. The boiling point for all inteimediate dates of 
the barometer may be had with fudicient accuracy by 
taking propot tional parts, by means of the 3d coliima 
of ditTcrences of the equations. See Philof, Tianf. 
vol. 64, art. 30 ; alfo Dr. Mada-lyne’s paper, vol. 64, 
art. 20, 

Sir Geo. iSluickburgh (Philof. Tranf, \oI. 6), 
pa. 362) has alfo given fcveral tables and rules rcL.ii:i 
to the boiling point, both from his own ohfervat c'l' . 
and De Luc’s, foim whence is extiaifled tlie fi llowli 
table, for the ufc of ai tills in condriidting the I’ua- 
momctcr. 


Height of 
the Baro- 
meter. 

Corr. of 
the Boil. 
Point. 

DifTcr- 

eiices. 

Correal, 
accord, to 
De Luc. 

Ddlcr- 

cnccb. 

26*0 

267 

27-0 

277 

28*0 

287 

29*0 

297 

30*0 

307 

310 

~ 7-09' 

- 6 18 

- 5*27 

- 4*37 

- 3-4.8 

- 279 

- J72 

- 0*85 
0*00 

*f o*8> 1 
-4 1*60 

0 * 9 1 

071 
0*90 
0-89 
0*89 
0*87 
0*87 
0*85 
0*85 
0-84 j 

-6-83 

- 5'95 

- 5*04 

- 4*i6 

- 3 ’ 3 i 

- 2*45 

- vC)i 

- o*8o 
0*00 , 

+ 079 

(■''’90 

O’Hq 

0‘88 

1 0*87 

o'S6 

c-05 
0'S2 
o-So ' 

' «-79 ! 

O7S 1 


The Royal Society too, fully renfihle of the import- 
ance of adjufting the fixed points of Theiinomecerb, 
appointed a committee of fevcu gentlemen to coiifider 
ot the bell melliod for this purpofe ; and ihtir lepmt 
may be feen in the Philof. Tranf. voL 67, art. 37. 

They obferve, that although the boiling point be 
plaicl fo much higher on fomc of the Thermomaeu 
now made, than on others, yet this does not piomice 
any confiderablc error in the obfervationsof the weather 
at lead in this climate ; for an error of ly degree m thij 
polition of the boiling point, will make an 
•cf half a degree in the pofition of 92®, and of 
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tlian a quarter of a degree in the point of 62* It U 
only in nice experiments, oy in trying the heat of hot fl,, 
liquors, that this error in the boiling point can be of Fi 
much fignification, ^ ‘ 

In ac^'ulling the freezing, as well as the boiling 'J, 
point, the quickfilver in the tube ought to be kept of 
the fame heat as that in the ball. When the lice/- .a,, 
ing point IS placed at } confiderable dia.incc bom the o 
ball, the pounded ice (lioiild be piled nj> teiv near lo L' 
It ; if It he not fo piled, then ti e obferved [-mnl, to be lu, 
very accurate, Ihould be cortcaed, aeeoidm/ to the 
following table, , 


THE 


Heat of the 

* — . — 

Air. 

Coi reiJboii. 

42 “ 

•00087 

52 

•00174 

62 

•00261 

. 7 * 

•00^48 

82 

■o °435 


ftoldd I d'viJed into t8o parts, 

mould be re tamed in the no.tliern countries, wher. 

« ell the (und , mental interval is divided into So parts, 
w IMtivf for thofe count lici. where Reaumur's Ther- 
nt)iin.ci 19 adopted. But no inconvenience is to be 

npurc K-ndcd from vaiyinir fcale fur particular ufes, 
piovidcd care be taken to iupiffv into what number of 
the fundamental inteival is divided, and the point 
Ik tv o ,3 placed, ^ 

W^th li zard to the choice ofttihes, it is bed to have 
them ex,,t|tly nWvAvwA thron;;h the!, whole length. 

le cipitl.Mv t-j) es ate preferable to othets* becaefe 
fhey re.iunr f.naller bull)., .md they a.c aUo mmc 
Icnliblc, and lets brittle. 'Hie mod convenient li/e 
tor common expehinents has the internal diameter 
about the 40th or 50th of an inch, about 9 inches lonir. 
and made ot thin gl.ds, that the rife and fall of the 
ineicury may be bettei feen. 

For the whole piocefs of filling, markiiur, and gra- 
dilating, lee De Luc’s Recherches 5ct, torn. 1, p. 393, 


The corrc<^Ion in this table is exprelTed in 1 000th 
paits of the diilance between the freezing point and the 
hirhice of the ice : ex. gi, if the freezing point Hand 
6 inches above the furface of the ice, and the heat of 
the room be-62, then the point of 32 Ihould bo placed 
6 X 00261, or *01366 of an^iiich lower down than 
the obferved point. 

The cortimittce farther obferve, that iu trying the 
heat of liquors, care /hould be taken that the quick- 
filvcr in the tube of tlic Tin. i moincter be licaied to 
the hunc degree as that in the ball : or if this cannot 
be done conveniently, the obferved boat OKuild be cor- 
refted on that account ; for the manner of doing 
''htch, and a table calculated for that purp(){<*, fee 
i hil'd. Traiif. vol. 67, art. 37, 

It was for fome time thought. er{)ecially from the 
experiments at Peterfburgh, tfiat quickfilver fufFcrcd 
a cold of feveral hundred degrees below o before it 
Congealed and became fixed and malleable ; but later 
t^xperiments have fhewn that tliis pcrfiiafion was mcitly 
owiflg to a deception in the experimems, and later 
ones have made it appear that its point of congelation 
IS no lower than — 40®, or rather — 39°, of Falucii- 
>eit 8 fcale. JButthat it will bear however to be cooled 
a few degrees below that point, to which it le.'ps up 
again on beginning to congeal j and that its i.ip d de- 
'-ent in a Thermometer, through many liimdu c’ de- 
crees, when it has once palTcd theabove-mentiomd limit, 
proceeds merely from its great contr.uStion i.i tlic a(!:t 
^ freezing. Sec Philef. Tranf. vol. 73, ait. *20, 

Mifcellaneo vs Off rva lions, 

. ^hfolutcly ncctlTary that tbofe who would dc- 
any advantage from thefe inflrurnents, Hiould agree 
ju ufingthe fame liquor, and in determining, accoiding 
o the fame method, the two fundamental points, li 
ey agree in thefe fixed points, it is of no gieat im- 
pouance whether they divide tlie interval between 
hjf"' a greater or a lefs number of equal parts, 
c fcalc of Fahrenheit, in* whicii the fundamenial 
weval between 212°, the point of boiling water, 


Expcrimenls •with Thermometers, 

The following 1;> a table of fome obiervatiuns made 
with rahrenlicit’s Thermometer, the barometer llaud* 
ing at 29 inches, or little higher. 

At 600° Mercury boils. 

546 Oil of vitriol boils, 

242 Spirit of nitre boils. 

240 Lixivium of lartur boils, 

213 Cow’s milk boils, 

212 Water boils. 

206 Human mine boils. 

190 Brandy boils. 

J73 Alcohol boils. 

156 Serum of blood and white of eggs harden. 
146 Kills animals in a few' minutes. 

J08 lo 99, Hens hatch eggs. 

107 / Heat of Ikin in clucks, geefe, hens, pi- 

J 03 1 geons, paitridgcs, and /wallows. 

106 Jlcat of fitin ill a common ague and fever. 

103 f Heat of Ikin in dogs, catu, Ihcep, oxen, 
ICO h Twine, and rnoft <^1 her quadrupeds. 

99 to 92, Heat (vf the human /kin in health. 

97 Heat of a fwann of bees. 

96 A pcitli died in 3 minutes iu water fo warm, 
80 Float of air m the Hiadc, in very hot weather. 
'y4 Butler begins to melt, 

64 Flcat of ail in the lliade, in warm weather. 

53 Mean tcmperaluic of air in England. 

43 Oil of olives begins lo fliiToi and growopake. 

/ Water juil frcticiag, or fiiow and ice juR 
( melting. 

30 Milkfrtczcfi. 

28 Urine and common vinegar freezes. 

23 IMood out of t!ic body fcc/es, 

20 Burgundy, Claiet, and Aladeiia freeze. 

j Grcatell cold iu Per.nlylvania in 173I-2, 

^ I hit. 40'’. 

4 (ircatcil cold at thrccht in 1728-9, 

J A mixture of fnow and fait, which can freeze 
° I ^ oil of tartar per dcliquluin, but not brandy. 
— 39 Met*. Cl) fiec/ca. 

Mai tine’s EfTays, p. 284, &c. 

On 
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Martbe’s Mays, Medical and f htlofopbifal. pefague 
liers’r Exp. Phil vol. 2,'p. 289. 

Int. ad I'tiil. Nat. vol. a. p- o^S. ‘76a- * 

Hechercbca fur lifv Modif. «ic, tom. I, part 2, ch. 2. 

Noflet’s Lemons dc Pliyfique. tom. 4^ p. 375. 

THEKMOMErsRS for particular ujes.—\a 17J7, lord, 
CpvendlOi prefcntcd to the Royal Society an account 
of a curious conllruaion of Thermometers, ■'* 


T,|II 


different forms ; one contrived to (hew the greatefl 
degree of heat, and the other the greateft cold» that 
may happen at any time inaperfon^s abrencc. Philof. 
Tranf. vol. 50, p. 300. 

Since the publication of Mr. Canton’s difcovery ot 
the comprcffibility of fpirits of wine and other duids, 
there arc two correftions nectffary to be made In the 
icfult given by lord Cavendifh’a Thermometer. For 
in eftimating, for Inllance, the temperature of the fea 
at any depth, the Thermometer will appear to have 
been colder than it really was : and belides, the ex- 
panfion of fpirits of wine by any given number of de- 
grees of FalircnlieU’s Thermometer, la greater in the 
higher degrees than in the lower. For the method of 
making thefe two corredioua by Mr. Cavendifli, fee 
Phipp?8 Voyage to the North Pole, p. 14 5* 

Inftrumeins of this kind, for determining the degree 
of heat or cold in llie abfence of the obferver, have been 
invented and defcrlbed by others, Van Swinden (Biff, 
fur la Comparaifon du Xherm. p. 2 53 &c) aeferibes 
one, which he fays was ^he firft of the kin<), made on 
a plan communicated by Bernoulli to Leibnitz. Mr. 
Kiaft, he alfo tells us, made one nearly like it. Mr. 
Six has lately, viz, in 1782, propofed another con- 
llrudion of a Thermometer ot the lame kind, deferibed 
in the Philof. Tranf. vol p, p. 72 &c. 

M. De Liic has deferibed th$: beft method of con- 
flruding a Thermometer, fit for determining the tem- 
perature of the air, in the meafnring of heights by the 
Lromttcr. H? has alfo fhewn how to divide the fcale 
of a Thermometer, fo as to adapt it for agronomical 
purpofts in the obfervation of refradiona, ' Sec Re- 
cheiches Sec, tom. 2, p. 35 and 265. « . /. 

Mr. Cavallo, in 1781, propofed the conflruaion of 
a Thrmomiricnl Barometer, which, by means of boiling 
water, m’ght indicate the various gravity of the at- 
mofphere, or the height of the barometer.^ This 
Thermometer, he fays, with its apparatus,- might b^e 
packed up into a fmall portable box, and ftrve for de- 
termining the heights of mountains See, with greater 
facility, than with the common portable barometer. 
The inllrumcnt, iu its prefent ftate, confilfs of a cylin- 
drical tin veffcl, about 2 inches in diameter, and 5 
Inches high, In which veffel the water is contained, 
which may be made to boll by the flame of a large wax- 
candle. The Thermometer is faftened to the tin veffel 
in-fuch a manner, as that its bulb may be about an 
inch above the bottom. The fcale of this Thermome- 
ter, which is of brafs, exhibits on one fide of the glafs 
tube a few degrees of Fahrenheit’s fcale, viz, from 200® 
to lib®. On, the other fide of the tube are marked 
the vgrious barometrical heights, at which the boiling 
water ihcvvs thofe particular degrees of hc^t which are 
fet down in Sir Geo. Shuckburffh’s table. With this 
inllrumcnt the baiometrlcal height is ihewn within one 


Ifq (ec \othi of an Thermametec 

arc father linger than. 9 ^^ an aujJ tjherefoi-c 

may be divided into ra^qy parts, cfp.ecialk by a Nonius. 
But a confiderablc imperfedion arias' from the (mall, 
nefs of the tin veffeh lyhieh doe^npf adrnit a fufficlent 
quantity of water ; but when tKh quantity of w^ater 
lliall be fufficieqtly large, as" for inftance 10' or u 
ounces, and is kept boiling in a proper veffel, its degree 
of heat under the fame preffure of the atmorphere is very 
fettled ; whereas when a Thermometer is kept In a 
fmall quantity of boiling water, the mercury in its 
Hem does not Hand very fteady, fometiraes rlfing or 
falling fo much as half a degree. Mr. Cayallo propofos 
a farther Improvement of this inllruiqcnt, in the Philof. 
Tranf. vol. 7 1, p. 524. 

The ingenious Me. Wedgwood, fo well known for 
his various improvements in the diffeient forts of pot- 
tery ware, has contrived to make a Thermometer for 
mcafuring the higher degrees of heat, by means of a 
dillinguiihing property of argillaceous bodies,^ viz, the 
diminution of their bulk by Are. This diminution 
commences in a low red heat, and proceeds regulatly, 
as the heat incrcafes, till the clay becomes vitiilKd. 
The total contra6lion of fome good clays which he hr.s 
examined iq the llrongell of his own fires, is confidcrably 
more than pne-foutth part in every dimenfion. by 
mcafuring the contraction of fuch fubftanccs then, Mr, 
Wedgwood contrived to mcafure the moll intenfe litats 
of ovens, furnaces, &c. Fpr the. curious partlcuhis 
of which, fee Philof. Tranf. vol. 72, p. 3OC &c. 

TfiERMpSCOPE, an inllrumcnt (hewing the 
changes kppening in the air with refped to heat and 
cqld. 

The word Thermofeope is pften^ ufed indifferently 
with that of thermometer. There is fome diffcience 
however in the literal import of the two ; the firfl iig- 
nifylng an inftrument that (hews or exhibits the changes 
of heat &c to the eye ; and Uie latter an inllrumcnt 
that meafures thofe changes ( fo that a thermonicier 
Ihould be a more accurate Thermofeope. 

THIR, in Chronology, the name of the jth moiitli 
of the Ethiopian?, which correfponds, according to 
Ludojf, to the month of January. 

third, in Mufic, a concord rcfulting from a 
mixture of two founds containing an -interval of 2 
degrees: being called a third, becaufc containing 3 
terms, or founds, between the extremes. 

There is a greater and a lefs Third, The 
takes its form from the'fefquiquar^ ratio, 4 to 5. ine 
logarithm or mcafure of the o£favc f being rooooo, 
the mcafure of the greater Third i will be o'32 i93‘ 
The greater Third is by praaitioners often taken mr 
the third part of an oAave j which is 
three greater Thirds fall Ihort of the odave by a dieiis , 

for * X J X J X ^ , .r- 

The le/er Third takes ^ts form from the fefq 
quinta ratio 5 to 6; the meafure or logarithm ot 
leiTer Third ?, being 0-26303, that of the ottaie , 

Both tbfe'^trda ate , of great ufe in melody ; 
aa it were the foundation and life the 

TH.ao.i’emt, or 71 irr«r-/«W, rn Archnean ; _ 

point of feaion in the vertex «"«•!“’**** t^ofe coa- 
— Atehei or viulte of the Third Point, ar 
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lifting of tW'o arclies of a circle, meeting in an angle 
at top. 

THREE an inflvument confiaing of 
three wooden legs, made with joints, lb as to (hut all 
together, and to take off in the middle foi the better 
eairiage. It has ufually a brill and foehet on the top ; 
and its ufe is to fupport and adjull inlliuments for 
ailronomy,. fnrveying, 

THUNDER, a noife in the lower le^p'un of the 
air, cxcifcd by a fudden cxplofion oftleiflii’cal doiuK; 
which are therefore called Thundei -clouds. 

The phenomenon of Thunder is v.irionllv accomitcd' 
for. vSeneca, Rohault, and fome other authors, both 
ancient and modem, account foi 'riiunder, b) fnppofiivr 
two clouds impending ovtfr one another, the upper and 
rai er of which, becoming coiidenfcd by a frelh accellion 
01 air laifed by warmth from the lower parts of the 
atmorphcie, or driven upon it by the wind, immediately 
fills forcibly down upon tire lower aird denfer cloud; 
hy which fall, the air interpofed between the two 
hiing compt^tlTed, that next the extremities of the 
two clouds is fqueezed out, and leaves room for the 
extremity of the upper cloud to clofe tight upon the 
under ; thus a gr*eat quantity of the air is cnclofed, 
which at length cfcaping through fomc winding irregular 
vent or palTagc, occafions the noife called Thunder. 

But this lame device could only reach at moll to the 
cafe of Thunder heard w'ithout lightning; and there- 
fore recourfe has been had to other riiodes of folution. 

I bus, it has been faid that Thunder is not occaiioned 
by the falling of clouds, but by the kindling of ful- 
pliuroua exhalations, in (he fame manner as the noife 
of the aiirum fuliininans. ** There are fulpliurous ex. 
halations, fays Sir I. Newton, always afccndiiig into 
tire air when the earth is dry ; therd they ferment with 
the nitrous acids, and, fometimes taking fire, generate 
Thunder, lightning, &c.’* 

The efFcdfs of Thunder are fo like thofe of fired 
gunpowder, that Dr. Wallis thinks w'e need not fcruple 
to aferibe them to the fame caufc ; and the principal 
ingredients in gunpowder, we know, are nitre and 
fulphur ; charcoal only ferving to keep the parts fepa- 
fatc, for their better kindling. Hence, if we conceive 
in the air a convenient mixture of nitrous and fulphur- 
oui particles ; and thofe, by any caufe, to be fet on 
fire, fuch cxplofion may well follow, and with fuch 
noife and light as attend the firing of gunpow'dcr ; and 
being once kindled, it wu’ll run from place to place, dif- 
ferent ways, as the exhalations happen to lead it; much 
as 18 found in train of gunpow'der. 

But a third,' and raoft probable opinion is, that 
Thunder is the report or noife produced by an eic< 51 rical 
cxplofion in tbfc clouds. Ever fince the year 1752, in 
'v^luch the identity of the matter of lightning and of 
|he eledlrical fluid has been afeertained, plulofophers 

generally agreed in confidcring Thunder as a con- 
^uiuon Produced in the air by an exploiion of elc^Iri- 
city. For the illuftration and proof of this theory, fee 
*'£CTRictTY, apd Lightning. 

-It may here be obferved, that Mr. Henry Eclcs, in 
fetter written in 1751, and read before the Royal 
in confiders the cleftrical fire as the 

of Thunder, and accounts for It on this hypothe- 
*» i and he tclli us, that he did not know of any other 


perfon’s having made the fame conjcaurc. Philob 

franf. vol. 47, p. 524 

^ 1 hat rattling in the noife of Thunder, which tn^iken 
it leem as if it palTed through arches, or were varioiilly 
broken, IS probably owing to the found being excited 
among clouds hangingover one another, and the agitated 
air polling irregularly between them. 

1 i e exploiion, if high In the air, and remote from 
Uo, will do no milJiiefj but when near, it may clelliov' 
liKi, aiiirj.d',, S:c. * 

This pioximiiy, or fmall dilUnce, may he cllimated 
neaily bv the inleival of fme between Iccing tlie Halil 
of h^ditning, and heaiing the icport of the Tlumder, 
cllimriting the dillaiice, after the rate of 1142 feet. per 
ficond of lime, or feconds to the mile. Dr. Wallis 
ohreiyes, that commonly the diflerence between the 
ty'o is about 7 fcconds, which, at the rate above men- 
tioned, gives the dilhnee almoll 2 miles. But fomc- 
times It cornea In a fecoiid or two, which argues the 
exploiion very near 11?, and even among us. And in 
fuch cafes, the do(!^or affures us, he has fometimes 
foretold the mifchlefs that liappened. 

1 he noife of fliunder, and the flame of lightning, 
arc cafdy made hy ail. If a mixture of oil or fpiiit 
of vitriol be made with water, and fomc lilings of Heel 
added to it, theie will immediauly aiife a thick Imoke, 
orvipour, ^ut of the month of the vtffel; and if A 
lighted candle be applied to this, it will take fire, and 
the flame will immediately ckfeend into the vefTel, which 
will be burll to pieces with a noife like that of a 
cannon. 

This is fo far analogous to Thunder and lightning, 
that a gieat explofion and file aic occaiioned by it; 
but in this they difier, that this matter when once fired 
is deftroyed, and can give no more cxplofions ; whereas, 
in the heavens, one clap of Thunder ufnally follows 
another, and there is a continued fuccc/fion of them 
for a long time. Mr. Homberg explained this by the 
lightnefs of the air above us, in compaiifon of that 
near, which therefore would not fiiflcr all the rriaticr 
fo kindled to be diflipalcd at once, but keeps it for 
fcvcral lelurns. 

THUNDERBOLT. When lightning aas with 
extraordinary violence, and breaks or fhatters any thing, 
it is called a Thunderhohy which the vulgar, to fit it 
for fuch effeds, fuppofe to he a hard body, and even 
a ftone, — But tliat we need not have recourfe to a luird 
folid body to account for the cflcdls commonly attributed 
to the Thunderbolt, will be evident to any one, who 
confiders thofe of the piilvis fulminans, and of gun- 
powder; but more cfpecially the aftonilhing powers of 
clei 5 f ricity, when only colleded and employed liy human 
art, and much more when directed and excrcifcd in tlic 
conrle of nature. 

When we confider the known elTefts of clcflrical 
cxplofions, and thofe produced hy lightning, wc (hall 
be at no lofs to account for the extraordinary operations 
vulgaily aferihed to Tli unde 1 bolts. As Hones and bricks 
flruck by lightning are often found in a vitrified ftatc, 
we may reafonably ruppofe, with Bcccaria, that feftne 
ftoiics in the earth, having been flruck in this manrftr, 
gave occafion to the vulgar opinion of the Thunder- 
bolt. 

THt7NDER-e/<?«i//, In Phyfiology, arc thofe clouds 

4 which 
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art Jn a fta'U fit for producing liglitning and 
thunder. 

From Bcccaria’s cxaft and circutndantlal account 
i)f the external appearances of 'rhundcr-clouds> the 
following particulars are extra£led. 

The firft appearance of a Thunder ftorm, which 
lifually happeni when there is Utile or no wind, is one 
denfc cloud, or more, increafing very fall in fi/e, and 
rihng into the higher regions ol the air, T.he lower 
fuifacc is black and nearly level ; but the upper finely 
arclied, and well defined. Many of thefe clouds often 
feem piled upon one another, jdl arched in the fame 
manner; but they arc continually uniting, fwclling, 
and extending their arches* 

At the time of the riling of this cloud, the atmofpherc 
is commonly full of a great many feparate clouds, that 
are inotlonlefs, and of odd whimficalfhapes. Allthcle, 
upon ihc appearance of the Thunder cloud, draw to- 
wards it, and become more uniform in their Ibapes as 
they approach ; till, coming very near the Thunder- 
cloud, their limbs mutually llrctch toward one another, 
and they immediately coalefcc into one unifoini mafs. 
Thefe he calls adfcltitious cloudf, from their coming in, 
to enlarge the fize of the Thunder-cloud. But fome- 
times the Thunder-cloud will fwcll, and increafe very 
faft, without the conjunAion of any adfcltitious clouds ; 
the vapours in the atmofphcre forming themfelves into 
clouds wherever it pafles. Some ot the adfcititioiis 
clouds appear like white fringes, at the Ikirts of the 
Thunder-cloud, or under the body of it, hut they keep 
continually growing darker and darker, as they approach 
to unite with it. 

When the Thunder-cloud is grown to a great fize, 
lU lower furface is often ragged, particular parts being 
detached towards the earth, but Hill conne£led with 
the reft. Sometimes the low’er furface fwclls into vari- 
ous l^rgc protuberances bending uniformly downward ; 
aod fometimes one whole fide of the cloud will have an 
in^nation to the earth, and the extremity of it nearly 
touch the ground. When the eye is under the 1 bunder- 
cloud, after it is grown larger, and well formed, it is 
fecn to fink lower, and to darken Drodlgjoufly ; at the 
iame time that a number of finall adkititious clouds 
(the oiigin of which can never be perceived) are feen 
in a rapid motion, driving about in very uncertain di- 
redions under it. While thefe clouds are agitated with 
the moft rapid motions, the rain commonly falls in the 
greateft plenty, and if the agitation be exceedingly great^ 
it commonly hails. 

While the Thunder-cloud is fwelling, and extending 
its branches over a large trad of country, the lightning 
iifeen to dart from one part of it to ar^pther, and often 
to illuminate its whole raafs. When the cloud has 
acquired a fufficient extent, the lightning ftrikes between 
Ihc cloud and the earth, In two oppofite places, the 
path of the lightning lying through the whole body of 
Ihc cloud and its branches. The longer this lightning 
continues, the Icfs denfe docs the cloud become, and 
tbe*lefs dark its appearance ; till at length it breaks in 
di^rent places, and (hews a clear Iky.^ 

Thefe Thunder-clouds were, fometimes in a pofitive 
ps well as a negative ftate of eledricity. The ckdricity 
continued longer of the fame kind, in proportion as 
ike Thunder-cloud was fimple, and uniform in Its d> 


redlon s but When the lightning changed its place^ 
there commonly happened a change in the eledricity 
of the apparatus, over which the cloiids paffed. It 
would change fuddenly after a very violent flafh of 
lightning, but the change would be gradual when the 
lightning was model ate, and the progrefsof the Thun- 
der cloud flow. Beccar. Lcttere deirElettricifmo pa, 
107; or Prieftley’s Hift. Elec, vol* I, p. 397. Sec 
alfo Lightning. 

In Eledricity, is an Inftrument 
invented by Dr. James Lind, for illuftrating the manner 
in wliich buildings receive damage A om lightning, and 
to evince the utility of metallic condudorsia preferving 


them A om it. 

A (fig. h ph 35)1 k ^ board about i ot an inch 
thick, and fhaped like the pblc end of a houfe. This 
board is fixed peipendiciilarly upon the bottom board B, 
upon v hich the perpendicular ^lafs pillar CD is alfo 
fixed in a hole about 8 Inches diftant from the bafis of 
the board A. A fqnare hole ILMK, about a ql1artl!• 
of an inch deep, and nearly one inch wide, is made in 
the board A, and is filled with a fijuare piece of wood,, 
nearly of the fame dimenfions. It is nearly of the fame 
dimenfions, bccaufe it muft p fo eafily into the hole, 
that it may drop off, by thekaft (baking of the inflru- 
ment. A wire LK is fattened diagonally to tliis fquare 
piece of wood. Another wire IH of the fame thicknoA, 
having a brafsballH, ferewed on itspointed extremity, 
is fattened upon the board A : fo alio is the wire MN, 
which is fhaped in a ring at 0 . From the upper ex- 
tremity of the glafs pillar CD, a crooked wire proceeds,, 
having a fpiring focket F, through which a double 
knobbed wire flips perpendicularly, the lower knob G 
of which falls juft above the knob H. The glals pillar 
DC muft not be made very faft into the bottom board ; 
but it muft be fixed fo that it may be pretty calily 
moved round its own axis, by which means the brals 
ball G may be brought nearer to or farther fiom the 
ball H, without touching the part EFQ. Now when 
the fquare piece of wood LMIK (which may rcprcleiit 
the fliutter of a window or the like) is fixed into the 
bole fo that the wire LK lUnds in' the dotted reprefenta- 
tion IM, then the metallic communication from H to 
O is complete, and the inftrument reprefents a houie 
furniflted with a proper metallic conduftorj butt tie 
fquare piece of wood LMIK be fixed fo that t ewn 

LK Hands in the direaion LK,.a» reprefented m the 
figure, then the metallic conduSor HO, rromt ie y 
of the houfe to its bottom, is interrupted at ilM, 
which cafe the houfe is not properly fecuref . 

Fix the piece of wood LMIK, fo that £ 

be as reprefented in the figure, in which cafe t e . 
tallic conduaor HO is difeontinued. Let the ball ^ 
be fixed at about half an inch '"?)C 

from the ball H j then, ^ turning the glafs 
remote the former ball from thedatter t ^ 
chain conneft the wire EF with th* i Jik 

P,and letanother wire or/hai«. 

O, touch the outlidc co^i«g <sf jar ; 

wire C^with ‘he prime ^duaor, ^ Jl q 

then, by turning, the glafii I)C, I 
come gradually near the baU IL wd •n^t^fervc, 
arrived fufficicntly near rMlK i* 

that the jar cxplodea tthd the ot woo 
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puflied .out ofthehole to a confiderable d.'ftance from 
the Thunder. houfc. 

Nowrtw baU G, in this experiment, reprefrnlsan 
de^^rified cloud, which, when it is arrived fufficicutlv 
near the top of the houfe A, the elearicity Itrikcs it • 
and a8 this houfe is not feaired with a proper coiuluaoj * 
the explofioii breaks part of it, i. e. knocks oft the 
piece or wood IM. 

Repeat the er^‘ment with only this variation, viz 
that this piece of wood IM be filuatcd To that the wire 
LK may ftand in the fituation IM ; in which cafe the 
eondu£^or HO is not difeontinued ; and you will oh- 
ferve that the explofion will have no eftca upon the 
piece of wood LM; this mnainintr in the hole un- 
moved ; which fhews the ufefulnefs of tlie tnctallic con- 
du 61 or. 

Farther, unferew the brafs ball H from the wire 
HI, fo that this may remain pointed, and with this 
dift‘‘ience only in the apparatus repeat both the above 
expu imeiits, and you will ftnd that the piece of wood 
IM is in neither cafe moved from its place, nor will 
any explolion be heard ; which not only demonftrates 
the preference of condudors with poiute'd terminations 
to thofe with blunted ones, but alfo fliewsthat a houfe, 
furmfticd with ftiarptcrminations, although not furniftied 
with a regular conduaor, is almoll fufficiciuly guarded 
agaiiift the effedls of lightning. 

Mr. Henley, having con nc<aed a jar containing 509 
fquaie inches of coated furface with his prime conductor, 
obferved that if it was fo charged ai to raife the index 
of his eledrometer to 6o^ by bringing the ball on the 
wire of the Thunder-houfe, to therdilTance of half an 
inch from that cot nested with the prime condinftor, 
the jar would be difeharged, and the piece in the Thun- 
dcr-houfe thrown out to a confiderabW diftance. Ufing 
a pointed wire for a conductor to the Thunder-houfc, 
mfteod of the knol^ the charge being the fame as be- 
fore, the jar was difeharged mently, though fuddcnlyj 
and the piece was not thrown out of the Thunder- 
houfe. In another experiment, having made a double 
circuit to the Thunder-houfe, the lirll by the knob, 
the fccond by a fharp-pointed wire, at an inch and a 
quarter diftance from each other, but of exadly the 
fame height fas in fig. 2) the charge being the fame ; 
although the knob was brought lirll: under that con- 
iicaed with the prime conduaor, which w^as raifed half 
an inch above it, a«d followed by the point, yet no 
^ploiion could fall upon the knob ; tlie point drew off 
I ^hole charge filently, and the piece in theThundcr- 
nouCe remained unmoved. 

PhiL Tranf. voL 64, p. 136. See Points in Elec- 
tricity. r o 

Thursday, the jthdayoftheChnftian'sweek, 
the 6ih of the Jews. The name is from Thor, one 
^ rp ^2xon Gods, 

in Sca-Lan^age, a word ofed by the pilot 
^ direding the hclmfman or ficerfman to keep the 
.T her prefent iituatioh when failing with a fcant 
ind, fo that (he may not approach too near the dircc- 
'''ind* whiich Would (hiver her fails, nor fidl 
fan farther out of her courfe^ 
rK periodical motions of the waters of 

u ; called aUo \hejkx and r^uXf or the eib and 
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foundtorpllovirptriojlically tKecwirfe 
of the fun and moon, boUi a, to time and quantity 
And hcnccit has been furpefled, in all ages. Uuit the 
T.d^a were fomchw produced by the ini) uei.ee of 
thefc luminaiici. Tims, frveial o( the ancleiUa, and 
among others, Pliny, Ptolomy, and Maerobiiis, weie 
acqiMiutcd With the Influence of the fun and muon 
upon t ic 1 ides; sne! Pliny fays cxprcMy, that the 
caule ul the ebb and flow is In rfie fun, whleh 
the waters of the ocean ; and adds, that the waters rife 
in propoitiori to the pioximity of the moon to the eruth. 
Ru; indeed now uell known, from the difcoverics of 
bir iiaac Newton, that the Tides are caiihd by the 
pavitatiun of the earth towards the fun and moon. 
Indeed the iagaoious Kepler, long ago, conjedured 
tl.is to be tlie eaufe of the Tides : “ if, he, the 
cailh ccaUd to altrad its waters towards ilfelf, ull tie 
water in the ocean would life and flow into the moon ; 
•the fphere of the moords aUrattlon extends to onr 
cartl^ and draws up the water.*' Thus thought Kep- 
ler, lu his [ntiod. ad Tlieor. Mart. This luimife, for 
It was then no more, Is now abundantly vcrilied In the 
theory Lid down by Newton, and by Hdllcy, from hi’l 
principles. 

y// io the Phenomena 0/ //r Tides : 1. The fea is 
obferved to flow, for about 6 houis, from fouth towards 
north; the lea gradually fwclling; fo that, entering 
the mouths of rivers, it drives back the river-waters 
towirda their heads, or fprfngs. After a continual 
flux of 6 hours, the fca feems to reft for about a quarter 
of an hour ; after which it begins to ebb, or retire back 
again, from north to fouth, for 6 hours more; il| 
which time, the water finking, the rivers rcfuroc their 
natural courfe. Then, after a feeming paufc of a 
quarter of an hour, the fea again begin® to flow, a| 
before : 'and fo on alternately. 

2, Hence, the fca ebbs and flows twice a day, but 
falling every day gradually later and later, by about 
4S minutes, the period ot a flux and reflux being on 
an average about 12 hours 24 minutes, and the double 
of each 24 hours 48 minutes ; which is the period of a 
lunar day, or the time between the moon^ pafiing m 
meridian, and coming to it again. So that the Ir^ 
flows as often as the moon pdles the meridian, both 
the arch above the hori/cn, and that below R ; and 
ebbs as often as Ihe paflis the huiiion, both on the 
callern and weflern fide. 

Other phenomena c’f the Tides a»-e as below ; and 
the reafons ijf them will be noticed in ih^ 'Phcoiy of 
the Tide!) that follows. 

3. The elevation towards the moon a little exceed® 
llieoppofiic one. And the quantity of the aicent of 
the water is diminiftied from the equator towards the 
poles. 

4. I'rom the fun, every natural day, the fea is twice 
elevated, and twice dejircifed, the fame as for the moon* 
But the folar 'Pimts aieinuch Ids than ilie lunar one®, 
on account of the iminenfe diftance of the fun ; yet 
they arc both fiibje£t to the fame laws. 

5. The Tides wliich depend upon the of 

the fun and moon, are not dilllnguiflied, but com- 
pounded, .'tnd fo forming as to fenfe one united 
T'idc, incrcafing and decreafing, and thus nftiking utijp 
and fpring Tides i for, by the ailion^f the /un, the 

4 8. lumn* 
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lunar Tide is only clian^ed ; which change varies every 
day, by reafon of the inequality between the natural 
and lunar day. 

6. In the fyzygies the elevations from the adlon of 
both luminaries concur, and the fea is more elevat- 
ed, But the fea afeends lefs in the quadratures ; for 
where the water is elevated by the atlion of the moon, 
it ii dcprefl'ed by the adiun of the fun ; and vice verfa. 
Therefore, wliilc the moon paffes fiom the fyzygy to 
the quadrature, the daily elevations arc continually di- 
miuilhed : on the contrary, they are increafed while 
the moon moves from the quadrature to the fy/y^y. 
At a new moon alfo, cefttris panhuty the eleva- 
tions are greater ; and thofe that follow one ano- 
ther the fame day, arc more diiFerent than at full 
moon. 

7. The crcatcll elevations and deprcflions are not 
obferved till the 2d or 3d day after the new or full 
moon. And if we confider the luinindrics recediiioj 
fiom the plane of the equator, we fliall pciceivc that 
the agitation is diminifhed, and hecoines Ids, ac- 
cording as the declination of the luminaiies becomes 
greater. 

. 8. In the fyzygies, and near the equinoxes, the 
Tides are obferved to he the greateft, both luminaiies 
being in or near the equator. 

9. The adliona of the fun and moon are greater, the 
nearer thofe bodies are to the earth ; and the lefs, as 
they arc farther off. Alfo the greateft Tides happen 
near the equinoxes, or rather when the fun is a little 
to the fouth of the equator, that is, a little before the 
vernal, and after the autumnal equinox. But yet this 
docs not happen regularly every year, bccaule fomc 
variation may arife from the fituation of the moon’s 
oibit, and the dillance of the fyzygy from the equi- 
nox. 

10. All thefe phenomena obtain, as defciibed, in 
the open fea, where the ocean is extended enough to 
be fubjeA to thefe motions. But the particular fitua- 
tions of places, as to fhorcs, capes, ftraits, &c, dilhirb 
thefe general rules. Yet it is plain, from the moll 
common and univerfal obfervations, that the Tides fol- 
low the laws above laid down. 

1 1. The mean force of the moon to move the fea, 
is to that of the fun, nearly as to i. And there- 
fore, if the adion of the fun alone produce a Tide of 
2 feet, which it has been Hated to do, that of the 
moon will be 9 feet ; from which it follows, that the 
fpring Tides will be 1 1 feet, and the neap Tides 7 feet 
high. Bui as to fuch elevations as far exceed thefe, 
they happen from the motion of the waters againll 
fome obftaclcs, and from the fea violently entering into 
ttiaits orgulphs where the force is not broken till the 
water rifes higher. 

Theory of the Tides. 

i. If the earth were entirely fluid, and qulcfcent, 
it is evident that its particles, by their mutual gravity 
towards each other, would form the whole mafs Into 
the hgnre of an exad fphere. Then fuppofe fome 
power to ad on all the particles of this fphere 
with an equal force, and in parallel diredions; by 


fuch a power the whole mafs will be moved toge- 
ther, but its figure will AilFer no alteration by it, 
being ftill the fame perfed fphere, whofe centre will 
have the fame motion as each particle. 

Upon this fuppofition, if the motion of the earth 
round the common centre of gravity of the earth and 
moon were dcllroyed, and the earth left to the inllu. 
cnce of its gravitation towards the moon, as the 
ading power above meiitioned ; then the earth 
would fill^ or ^ move llraight towards the moon, but 
Hill retaining its true Iplierical figure. 

But the fad is, that the elFc6hs of the moon’s ac- 
tion, as well as the adion itfelF, on dilTerent parts of 
the eaith, arc not eqiul : thofe parts, by the geiici.d 
law of gravity, being moft attracted that nie neaidl 
the moon, «and thofe being le.ilt attiaded that are f.n- 
ihcH from hei, while the parts that are at a nu Id'e 
diOance are atiradted by a mean degree of force ; bt- 
Tides, all the partb are not acted on iu parallel liias, hut 
in lines direded towards tlic centre of the muon ; ..,1 


both whidi aecounts the fpheiical ligtuc of the iiuid 
earth miiH fulfer fomc change from tlic adion of the 
moon. So that, in falling, as above, tlie iiearei p;m>, 
being molt attraded, would fall quickell ; the faitinr 
parts, being leall attracted, would fall Howell; and 
the fluid mafs would be lengthened out, and take a 
kind of fpheroidical form. 

Hence it appears, and what muH be carefully ob- 
ferved, that it is not the adion of the moon itklf, 
but the Inequalities in ihul a6\ion, that eanfe any 
variation from the fpherical figure ; and that, if ihu 
action v'erc the fame in all tlie pai tides as in the cen- 
tral parts, and operating in the fame diredion, do 
fuch change would enfue. 

Let us now admit the parts of the earth to gravi- 
tate toward its centre ; then, as this gravitation far 
exceeds the adion of the moon, and much moic ex- 
ceeds the difl’erences of her adions on different paits 
of the earth, the effect that refulls from the inequali- 
ties of thefe adions of the moon, will be only a 
fmall diminution of the gravity of thofe pails of the 
earth which it endeavoured in the former fiippofiiion 
to feparate from its centre ; that is, thofe parts of die 
earth which are nearcH to the moon, and thofe that 
are fartheH from her, will have their gravity toward 
the earth fomewhat abated ; to fay nothing of the la- 
teral parts. 60 lint fuppofing the caith fluid, dw 
columns from the centre to the neareil, and to the 
farthcH parts, muH rife, till by their greater height 
tliey be able to balance the other columns, vvhofc 
viiy is lefs altered by the inequalities of tlie moiui s 
adion. And thus the figure of the earth miiH fldl be 
an oblong fpheroid. 

Let us now confider the earth, iiiHead of 
toward the moon by its gravity, as projeded m ‘UiV 
diredion, fo as to move round the centre of guivit' 
of the earth and moon : it is evident that in tliu 
the fcveral parts of the fluid earth will Hill pi^f'-'*^^ 
their lelative pofiiions j and the figure of the t\n u 
will remain the fame as if it fell freely toward ih^ 
moon ; that is, the earth will Hill affume a fpheronja 
form, having its longcil diameter direded toward * 
moon. 

flOJB 
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From the above reafoninfr it appears, that the parts 
of the earth diredtly under the moon, as at H, and 
alfo the oppolitc parts at 1), will have the flood or 
h^};h\^ater at the fame time; while the parts, at B 
anil I', at 90'^ dilhince, or where the moon appears 
in the horizon, will have the ebbs or lowed waters at 
tliat time. 

Hence, as the earth turns round Its axis from the 
ir.'jon to the moon ap;ain in 24 hours 48 minutes, 
this oval of water mult fliift with it ; and thus there 
will be two Tides of flood and two of ebb in tlwit 
time. 

But it is further evideat that, by the motion of the 
earth on her axis, the mod elevated part of the water 
is carried beyond the moon in the direction of the ro- 
tation. So that the water coniinurs to rile after it 
has paffed diredlily under the moon, thoup^h the imme- 
diate a6lion of the moon there begins to dtcreafe, and 
ci'ines not to its greated elevation till it has got about 
h *lf a quadrant farther. It contii^ues alfo to defeend 
alter it has paffed at 90° didance from the point be- 
low the moon, to a like didance of about half a qua- 
drant. The greated elevation therefore is not in the 
line drawn through the centres of the earth and moon, 
nor the lowed points where the moon appeals in the 
horizon, but all thefe about half a quadrant removed 
taftward from thefe points, in the diret^.tion of the 
motion of rotation. Tlius in open feas, where the 
water flows freely, the moon M is geneially })ad the 
north and fouth meridian, as at when the high water 
is at Z and at n : the reafoii of which is plain, beeaulc 
the moon at\s with the fame force after (he lias padid- 
the meridian, and thus adds to the libratory or waving 
motion, which the water acquired when flie was in the 
meridian ; and therefore- l)ie time of high water is 
not prcclfely at the time of lier coming to the meii- 
di^n, but feme time after, &e. 

^ Belidcs, the Tides anfvvcr not always to the fame 
dl^ance of the moon, from the meridian, at the fame 
places ; hut are varioufly affeidcd by the action of the 
fun, which brings them on fooncr when the moon is 

her find and third quarters, and keeps them back 
k»ter when fhe is in her 2d and 4th ; bccanfe, in the 
rntmer cafe the Tide raifed by the fun alone would be 
c?-rlitr than the Tide raifed by the moon, and in the 
latter cafe later. 

2# Wc have hitherto adverted only to the action of 
me moon in producing Tides ; but it is rnamfcll that, 
or the fame reafons, tnc inequality of the iun’s action 

dlffejeut parts of the earth| would produce a like 


eflva, and a like variation from the exaft fphcrical fi. 

So that ill reality there are 
two Inlcs evciy iiatiiriil ,lay from tlie aaioii'of the 
lun, as there aic in the lunar day from that of the 
moon, liibiea to the fame law, ; and the lunar Tide, 
as WC have ohferved, is fomewhat changed by the ac- 
tion of the lun, and the th.uige varies evciy day on 
account of the inequality between the natural and the 
lunar day. Jndeul tlie eflea of the Inn in producing 
1 Kies, hecnule of his iinnieiife dillaiiee, mull be con’ 
iideiably lels than that of the mt)on, thowgji the gra- 
vity tovvaul the lun he iniKh greater : foi It i-; not the 
aaion of the fun or inot.n iilelf, hut tlie iiiefiualities in 
that a<!dioii, that have any eflet^t : the fun's diliaiice i; 
fo gieat, that the diameter of tlie t ai th is hut as a point 
m compaTilriivMih it, and therefore tlic di(h unee he- 
tv. ceil the Inn’s aHions on the nenred and biuhcll pans, 
becomes vallly Icfs than it would he if llic fnn were as 
near as the moon. However the inimeiife hulk of the 
fill! makes the cfledl lid) riitlil)Ie, even at lo great a 
dilhmec; and tlurefoie, tliough the adion \)f the 
moon has tlie greated lharc in produting the d’id.cs, 
the action ol the iun adds lenlihly to it vviicn they 
toiifpirc together, as in the full alid chmge of the 
moon, when they are neaily in the lame line with the 
centre of the eaith, and therefore unite tluii forces: 
confeqncntly,in the fyzygies, oral new and full moon, 
the Tides are the greated, being vvliat arc called tlie 
Spriv^-^VuIis. But the adion of the fun diminlllics 
the eflc(l:l of the moon^s ai^dion in the quarters, becaufc 
the one laifcs the water in that cafe where the othet 
depi elTes it ; therefore the Tides aie the lead in the 
quadiatmtb, and aie called Neap-Tules, 


Newton has calculated the efleas of tlic fun and 
moon rcfpe^ively upon the Tides, from their attractive 
powers. The fornu-i he fu-ds to be to the loice of 
gravity, as I to 1 286 h’ 2 oo, and to tfic centi ifugal force 
at the equator a.s 1 to 4^527. 'Fhe elevation of the 
watcr.'i by this foice Is conlideied by Newton as an 
ellecT hinilai to tlie (.levatlon of the evpi.ilorial parts 
above the polar paits of the earth, anfing fmm the 
ccntiihigal fcna.c at the equator; and as it is 44527 
times iefs, he /inds it to be 24^ inches, or 2 feet 
and -f an inch. 

d’o find tile force of the moon upon the water, 
Nc-wtou cornparcB the fpring-liiks at tlie mouth of tlie 
rivci Avon, below B'iilol, with tlic neap-tide; theie, 
and finds the propoition as 9 lo ^ ; whence, alter fe- 
veial iieccirary eoirediuus, la. concludes that llie foicc 
of the moon to tfiat of the fun, in laifhig the waters 
of the ocearr, is as 4*4815 lo I ; fo that the fuicc of 
the moon is able of itlelf to produce' an elevation of 
9 feet inch, and the fun and moon iv^twtlier may 
produce an elevation of about 11 fi<L iiiehes, wlicu 
at their mean dlllanccs /loin the (.aitli, or an elevation 
of alrout 12| feet, when the inoon is i.eau d tlie eaith. 
The height to which the watM- is found to rile, upon 
coada of the open and deep ovean, is agreeable enough 
to tills compulation. 

Dr. Horfley ellimatcs tire force of the moon to that 
of the fun, as 5*0469 to /, m his edit. of. Newton’s 
Frincip. See the Fnneip. lib. 3, fed. 3, pr. 36 and 
37 ; alfo Maclauiuihi IJlflcrt.de Caula Fbyfjca Fluxui 
ct Refluxus Mario apud Pbih Nat. Piiiic. Math. Com- 
ment, 
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tncot. le Seur 8 c Jacquier, tom* p. 2^. And other 
Cakulators make the proportion ft ill more different. 

3. It mull be obfcrvcd, that the fpring-tidcs do not 
happen precifely at ;iew and full moon, nor the neap- 
tides at the quarters, but a day or two after ; becaufe, 
fta in other tafcs, fo in this, the effcA h not greateft or 
leaft when the immediate influence of the caufe is 
preattft or leaft. As, for example, the greateft heat 
IS not on the day of the folftice, when the immediate 
«6\ion of the fun is greateft, but fome time after ; fo 
likcwife, if the a<!:\Ion8 of the fun and moon Ihould 
liuhlonly ceafe, yet the Tides would continue to have 
their oourfe for fome time ; and like alfo as the waves 
of the fea continue alter a llorm. 

4. The different dilLinces of the moon from the 
earth produce afenfible variation in t)ic Tides. When 
the moon approaches toward the earth, h.er aflion on 
every part ineuafts, and the differences of that adion, 
• on which the Tides depend, allb iucreafe ; and as the 
moon approaches, her adion on the neareft parts in- 
creafes more quickly than tliat on the remote parts, fo 
-that the Tides inercafe in a higher proportion as the 
moon!5 diftanccs decreafe. In fad, it is Ibewn by 
Newton, that the Tides increafe in proportion as the 

>cube8 of the ddlanccs decreafe; fo that the moon 
•at half her diftance would produce a Tide 6 times 
greater. 

The moon deferibes an oval about the earth, and 
at her neareft diftance produces a Tide fenfibly greater 
^han at her greateft diftance from the earth ; and hence 
it is that two great fpring- tides never fucceed each 
other immediatdy ; for if the moon be at her lead 
diftance from the earth at the change, Ihe mull be at 
her greateft diftance at the full, having made half a re- 
volution in the intervening time, and therefore the 
fpring-tide then will be much Icfs than that at the 
Idft change was j and for the fame reafon, if a great 
fpring-tide happen at the time of full moon, the Tide 
at the enfuing change will be Icfs. 

5. The fpring-tides are higheft, and the neap-tides 
Joweft, about the time of the equinoxes, or the latter 
end of March and September; and, on the contrary, 
the fpring-tidcs are the lowed, and the neap-tides the 
higheft, at the folftices, or about the latter end of 
June and December: fo that the difference between 
the fpring and neap Tides, is much more confidcrablc 
about the cquinoftial than the folftitial feafons of the 
year. To illuftrate and evince the truth of this ob- 
fervation, let us confider the effed of the luminaries 
upon the Tides, when in and out of the plane of the 
equator. Now it is inanifeft, that if either the fun or 
moon were in the pole, they could not have any effeft 
on the Tides ; for their aftion would raife all the wa- 
ter at the equator, or at any parallel, quite around, to 
•a uniform heiglit ; and therefore any place of the earth, 
in defcrlbing its parallel to the equator, would not 
meet, in its courfe, with any part of the water more 
elevated than another ; fo that there could be no Tide 
jn any place, that is, no alteration in the height of the 
waters. 

On the other hand, the effeft of the fun or mopn 
ts greateft when in the equinodlia! ; for then the axis 
of the fpheroidal figure, aiiftng from.th^ir adlion, 
moves ia the greateft: ciz^, and the w;^er is put into 


the greateft; agitation; and hence it is that the 
fpring-tides produced when the fun and moun arc 
both in the cquinodlial, arc the greateft of any, 
and the neaptides the Icaft of any about tliat time! 
And when the luminary is any where between 
the equinoAial and the pole, the Tides are the 
fmallcr- 

6. The higheft fpringj tides are after the autnnuuft 
and before the vernal equinox ; the reafon of whidj 1,% 
becaufc the fun is neaier the -earth in winter tlun m 
fummer. 

7. Since the greateft of tlw two Tides happening in 
every diurnal revolution of the moon, is that in wliuh 
the moon is neareft the zenith, or nadyr; for this lu- 
fon, while the fun is in the northern wgns,^ the grcdt('r 
of the two diurnal Tides in our climates, is that arilirg 
from the moon above the horizon ; when the liiu is n\ 
the fouthern lignc, the greateft is that arifing from th? 
moon below the horizon* Thus it is found by obi'u- 
vatiou that the evening Tides in the fummer exceed ife 
morning Tides, and in winter the morning Tido ls.' 
ceed the evening Tides, The difference 13 found at 
Briftol to amount to 15 inches, and at Plymouth to 12, 
It would be ftill greater, but that a fluid always retains 
an irapreffed motion for fome time; fo that the pre. 
ceding Tides affc£i always thofe that follow them. 
Upon tlie whole, while the moon has a north declina. 
tion, the greateft Tides in the northern hemirphtiv 
are when Ihe is above tlie horizon, and the reveiie 
while her declination is fouth. 

8. Such would the Tides regularly be, if the earth 
were all over covered with the fea very deep, fo that 
tlie water might freely follow the influence of the fua 
and moon ; but, by reafon of the ftioalnefs of fume 
places, and the narrownefs of the llraits in others, 
through which the Tides are propagated, there arife# a 
great diverfity in the effed according to the various 
circamftances of the places. Thus, a very flow and 
imperceptible motion of the whole body of water, 
where it is very deep, as 2 miles for inltance, will fuf- 
fice to raife its furface 10 or 12 feet in a Tide^s time: 
whereas, if the fame quantity of water were to be con- 
veyed through a channel of 40 fathoms deep, it would 
require a very rapid ftream to effed it in fo large in- 
lets as are the En^lllh channel, and the German ocean; 
whence the Tide » found to fci ftrongeft in thofe places 
where the fea grows narroweft, the Came quantity of 
water being in that caCe to pafs through a fmaller paf- 
fage. This is particularly obfervalfte in the ftraiti 
between Portland and Cape la Hogue in Normandy, 
where the Tide runs like a fluice : and would be yet 
more fo between Dover and Calais, if the Tide coming 
round the illand did not check it. 

This force, when once impreffed, continues to carry 
the water above the ordinary height in the ocean, efpc* 
cially where the water meets a dired obftedi^* 
in St. Malocs ; and where it enters into a long channel 
which, running far into the land, grows very ft«it 
its extremity, as it does into the Severn fea at Chcpfto'^ 
and Briftol 

This Aoalnefs of the fea, and the intcrciutient coo* 
tinenu, are the r<afonsthat in the o^ien oe^ the Tid«| 
rife but to very fmall height! m* pnopoitiofl ^ * 

they do in wide^onoutlied riven, opening in titf dir^ 
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tion of the llream of the Tide ; and that high water 

not foon after the moon^s appulfc to the meridian, 
but fomc hours after it, as it is obferved upon all the 
%reilcin coaft of Europe and Africa, from Ireland to 
the Cape of Good Hope ; in all which a fouth-well moon 
makes high water and the fame it is fald is the cafe 
on the wtftem fide of America. So that Tides Imp- 
pen to different places at all diftances of the moon 
from the meridian, and confequently at all hours of 
the day. 

To allow the Tides their full motion, the ocean in 
which they are produced, ought to be extended from 
call to well 90 degrees at leaft ; bccauie that 13 the dif- 
tance between the places where the water is moll raifed 
and deprelTcd by the moon. Hence it appears that it 
is only in the great oceans that fueh Tides can be pro* 
duced, and why in the larger Pacific oanin iliey exceed 
thofein the Atlantic ocean. Hence alfo it is obvious, 
why the Tides are not fo great in the torrid zone, be- 
t^veen Africa and Anieriea, where the ocean is nar- 
:wer, as ia the temperate /onci on either fide ; and 
hence we may alfo underiland why the Tides are fo 
fmall in iflands that are very far dillant from the Ihores. 
It is farther manifcll that, in the Atlantic ocean, the 
v^atcr cannot rife on one fhoie but by defeending on the 
other; fo that at the intermediate illands it mull conti- 
nue at a mean lieight between its elevations on thole 
two Ihorcs. But when Tides pafs over fhoals, and 
tluough ftraits into bays of the fea, their motion be- 
comes more various, auJ their heiglit depends on many 
circumllances. 

To be more particular. The Tide that is produced 
on the weftern coafts of Europe, in the Atlantic, cor- 
refponds to tlic fituation of the moon already deferib- 
ed. Thus it is high water on the weftern coafts of 
Ireland,. Portugal and Spain, about the 3d hour after 
tlic moon has. palTcd the meridian from tlicnce it 
flows into the adjacent channels, as it finds the caficll 
palTage. One current from it^^ for inilance, runs up 
bythefouth of England, and another comes in by the 
north of Scotland ; they take a confiderable time to 
move all this way, making always high water fooner in 
the places to which . they firfl come j and it begins to 
fall at thefe places while the currents are ftill going on 
to others that are farther diflant in their courfe. As 
they return, they arc not abk to raife the Tide, be- 
canfe the water runa faflcr off than it returns, till, by 
a new Tide, propag^ed from the open ocean, the re- 
turn of cuiTcot 16 flopped, and the water begins to 

again. The Tide propagated by the moon in the 
b'crman ocean, when fhc is 5 hours paft the mciidian, 
takes 12 houys cpme from'thcncc to London bridge; 
to that when ft iV iigfi water there, a new Tide is al- 
ready cojne to its. Iieight fo the ocean ; and in fomc 
Intermediate place it n^uf^ be low water at the fame 
jme. CoB^fqacntly when the moon has north deciina- 
Ijon, aiMi we ihouid pxp^dk the Tide at Loudon to be 
^ ^ whea the moon is above the horizon, we 

tid it is lead f and the contrary when Ihe has fouth 

^kchnatkiu V 

At feveral phoctik it high water 3 houra before the 
to .lliermeridtan f but that Tide, which 
pttlto aaJk w before hcri w otwy 


the Tide oppofitc to that which was raifed by Iter 
when fhc was 9 hours paft the oppofitc meridian. 

It would be endlels to recount all the particular 
folutionp, which are eafy coofequcnces from this doc- 
tune ; as, wdiy the lakes andfeas, fuch as the Cafpian 
fea and the Mediterranean fea, the Black fea and the 
Baltic, have little or no fenfiblc Tides ; for lakes are 
ufually fo fmall, that when the moon is vertical flic 
attrads every part of them alike, fo that no part of 
the water can be raifed liighcr than another ; and 
havingno communication with the ocean, it can neither 
inorcafe nor diminilh their water, to make it rife and 
fall ; and feas that communicate by fuch narrow inlets, 
and arc of fo irnmeufe an extent, cannot fpeedily receive 
and empty water enough to raife or fink their luifacc 
any thing fcnfibly. 

In general ; when the time of high water at any 
place is mentioned, it is to be underTlood on the days 
of new and full moons. — Among pilots, it is cufioni- 
ary to reckon the time of flood, or high water, 
by the point of the compafs the moon bears on, at 
that time,, allowing ^ of an hour for each point. 
Thus, on the full and change days, in places where ii 
is flood at noon, the Tide is faid to How noith and 
fouth, or at 12 o’clock : in other places, on the fame 
days, where the moon hears i, ?, 3, 4, or moie points 
to the call or well of the meridian, when it is high 
water, the Tide is faid to flow on fuch point ; thus, if 
the moon bears SE, at flood, it is faid to flow SE and 
NW, or 3 hours before the meridian, that is, at 
9 o’clock; if it bears SW, it flows SW and NE, 
or at 3 hours after the meridian ; and in like man- 
ner for the other points of the moon’s bearing. 

The times of high water in any place fall about the 
fame houis after a period of about 15 days, or between 
one fpring Tide and another ; but during that period, 
the times of high water fall each day later by about 48' 
minutes. 

On the fubjeft of this article, fee Newton Princ, 
Math. lib. 3, prop. 24, and De Syflem. Mundi fedt, 
38, &c. Apud Opera edit. Horfley, torn. 3, pa. 52^^ 
&c. p. 203 &c, Machiurin’s Account of Newton’s 
Difeoveries, book 4, cb. 7. Fergufon’M AHron. ch. 17. 
Robcrtfoii’s Navig. book 6,. feit. 7, 8,9. Lalaiide’s 
Allron. vol, 4, 

Tint 7 )ia/, an inftrumciit contrived by Mr. I'Vr- 
gufon, for exhibiting and dettimiuing the ftatc of the 
Tides. Fur tiic conlliudion aiKl ufe of which kc his 
Aftion. p. 297. 

Tide Tnblejy arc tables commonly exhibiting the 
times of high water at iundiy placci, as they tail on 
the days of the full and cliange of the moon, and- 
Lmttimes the height of them alfo, Thefe :ue com- 
mon in inoft books on Navigation, particularly Ko- 
bertfon’s, and the zd td. ot Tabh s iccjuilite to be 
ufed with the Nautical Almanac. See one at Hioh- 
nvalif. 

TIERCE, or Teirce, a liquid meafurc,. as of 
wine, oil, &c, containing 42 gallons, or the 3d part of 
a pipe ; whence its name. 

IT ME, a fucccliion of phenomena In the uni- 
verfe j or a mode of duration, marked by certain pe- 
riod* and meaforcs i chiefly iodeed by the motion . 

, and’ 



T I M 


TIM [ 600 1 


*nd revolution of the luminaries, and particularly of 
the fun. 

The idea of Time in general, Locke obferves, we 
acquiic by conlldering any part of infinite duration, 
as fet out by pci*todical meafures : the idea of any 
particular Time, or length of duration, as a day, an 
hour, &c, we acquire firfl by obferving certain appear- 
ances at regular and fccmingly equidiUant periods. 
Now, by being able to repeat thefe lengths or mea- 
furcs of Time as often as we ^^ill, we can imagine 
duration, wbere nothing really cnduies or exilis ; and 
thus we imagine tomorrow, or next year, 

Some of the later fchool-phllofophers define Time 
to l)e the duration of a thing whofe cxificnce is oeithei 
without beginning nor end: by this, Time is diuin- 
gulHied from eternity. 

Ariilotle and the Peripatetics define it, vummis 
motiis [ecundnm piius ^ pojknus^ or a multitude o 
traulient parts of motion, lucceeding each other, in a 
continual flux, in the relation of primity and pollerio- 
rity. Hence it fiiould follow that Time is motion it- 
fclf, or at lead the duration of motion, confidered 
as having feveral parts, fomc of which are cotUinn- 
ally fucceeding to others. Rut on this principle, Time 
or temporal duration would not agree to bodies at reit, 
which yet nobody will deny to cxifl. in T. ime, or to en- 
dure for a Time. ^ 

To avoid this Inconvenience, the Epicureans and 
Corpufcularians made Time to be a fort of flux different 
from motion, confiding of Infinite parts, continually 
and immediately fucceeding each other, and this from 
eternity to eternity. But others diredly explode this 
notion, as edablidiing an eternal being, independent of 
God. For how diould thcie be a flux before any thing 
exided to flow ? and what diould that flux be, a fub- 
dance, or an accident? According to the pbilofopbic 

^°«*’Time of itfelf is nothing, but from thought 
Receives its rife ; by labouring fancy wrought 
From things confiderM, whilft we think on fome 
As prefent, fome as pad, or yet to come. 

No thouglit can think on 1 ime, that’s dill confclt, 
But thinks on things in motion or at red.” 

And fo on. Vide Lucretius, book i. 

Time may be dldinguinicd, like place, into ahfolute 
and relative, 

Abjo^vte Time, is Time confidered in itfelf, and 
without any relation to bodies, or their motions. 

Relative ox Apparent Time, is the fenfiblc meafure 
of any duration by means of motion. 

Some authors didinguifh Time into aJlronomUaUw^ 

“'’jjlronmical Time, is that which is taken purely 
from the motion of the heavenly bodies, without any 
other regard. 

CxWTime, is the former Time accommodated to 
civil ufes, and formed or didinguilhed into years, 
months, days, &c. 

Time makes the fubjea of chronology. 

Time, in mufic, is an affeaion of found, by which 
It is faid to be long or Ihort, with regard to ilS con- 
tinuaucc in the fame tone or degree of tunc. 


Mufical Time is didinguilheJ into covmon or (lu/>!s 
Time, and triple Time. 

Doulle, duplet or common Timet is when the notes 
are in a duple duration of each other, * yIz, a Lii)i!,.a.‘ 
equal to 2 minims, a minim to 2 crotchets, a ciotil.a 
to 2 quaveis, &c. ^ ^ 

Common or double Time is of two kinds. T! c 
fird when every bar or ineafure is equal to a f- 
mibreve, or its value in any combination (yf not .if 
a Itfs quantity. The foconJ is where evciry h?.r i. u, - I 
to a minim, or its value in Icfs notes. Tl.j w 
ments of this kind of meafure are various, bnt U",‘ 

aic three common didinOions.f the firdy/oa’, ihnou.i 

at the beginning of the line by the maik C ; the 
hrijit marked thus g ; and the 3d very hrijltt tUii 
marked 

Triple Him: is when the durations of the notes ,0 * 
triple of each other, that is, when the femilMe^e 1; 
equal to 3 minims, the minim to 3 crotchets, tvc. ^nd 
it is marked T. 

Tmh-l‘npers, in a general fenfe, denote inlliinnenls 
adapted for mcafuring time. See Chronomstj r. 

In a more peculiar and definite lenfe, 
is a term fird applied by Mr. John Hhrrilon L j 
watches, condruded and ufed for determining the loi.- 
gitude at fca, and for which he received, at (lillucut 
times, the parliamentary reward of 20 thoufand pounds.. 
And feveral other artids have fince recel\ed alfo co;.- 
fiderable fums for their improvements of Time-kcwp- 
eis; as Arnold, Mudge, cScc. See LongitudI'. 

This appellation is now become common amoiit; 
artifts, to diftinguilh fuch watches as are made with ex- 
traordinary care and accuracy for nautical or adrono- 
mical obfervatlons. 

The principles of Mr. Harrifon^s Time -keeper, ?? 
they vvcie communicated by himfelf, to the commifliuic 
CIS appointed to receive and publKb the fame iu the year 
1765, are as below ; 

“ In this Time-keeper there is the grcatelt caic 
taken to avoid fridion, as much as can be, by the 
w'hcel moving on fmall pivots, and in ruby-holes, and 
high numbers in the wheels and pinions. 

“ The part which mcafurcs time goes but the cigntn 
part of a minute without winding up ; fo that pait n 
very fimple, as this winding-up is performed at the 
wheel next to the balance-wheel \ by which mcanJ 
there is always an equal force ading at that wuee , 
and all the tell of the.work has no more to do m the 
mcafuring of time than the perfon that winds up once 

“^There is a fpnng in the infidc of the fufee, 

I will call a fecondary main fpring. This fpnng 
always kept ftretched to a certain tenfion by the m 
fpring; and during the time of winding-up tn 
Time-keeper, at which time the main-fpring is no 
fuffered , to ad, this fccondary-fpring fupphes 
place. , 

<* In common watches in general, the wheels a 
Hbout one-third the dominion over the balance, J 
the balance-lbring has; that Is, if the 
the balancc-lpring has over bdaBcc be called 
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that frtHn tKeorlieel' ia c»ic : but. in this my Tlme kccp^ 
cr, the wheclft hayc cxnly about one-eightieth part of 
the powrer over the balance that the balance fpring has ; 
and it muft be allowed, the lefs the.wlieclihaVe to do 
with the balance^ the better. The wheels in a com- 
nion watch having this great do/n inion over the balance, 
they can, when the watch ia wound up, and the ba- 
lance at reft, fet the watch a*golng ; but when my Time- 
keeper’s balance is at reft, and the fpring is wound 
up, the force of tlie wheels can no more fet it a-goitig, 
than the wheels of a common regulator can, when the 
weight is wound-up, fet the pendulum a.vibrating ; nor 
will the force from the wheels move the balance when 
at reft, to a greater angle in proportion to the vibration 
that it 18 to fetch, than the force of the wheels of a 
common regulator can move the pendulum from the 
perpendicular, when it is at reft. 

“ My Time-keeper’s balance is more than three 
times the weight of a large fixed common watch ba- 
lance, and ‘three times its diameter; and a common 
watch balance goes through about fix inches of fpace 
in a fecond, but mine goes through about twenty-four 
inched in tha'V tlfnof fo that Hid my Time-keeper only 
thefe advantages over a common watch, a good per- 
formance might 'be expeded from it. But my Time- 
keeper it not afFeded by the different degrees of heat 
and cold, nor agitation of the fhip ; and the force 
fiom the wheels is applied to the balance ii) fuch a 
manner, together with the fhape of the balance-fpring, 
and (if I maybe allpw’ed the term) an artificial cycloid, 
which ads at this fpring; fo that froW IHcfe contri- 
vances, let the balance vibrate more or lefs, all its vi- 
brations arc performed in the fame time ; and therefore 
if it go at all, it muft go true. So that it is plain from 
this, that fuch a Time-keeper goes auircly from prin- 
ciple, and not from chance.’* 

We muft rofer thofe who may defire fo fee a minute 
account of toe conflrudion of Mr. Harrifon’s Time- 
keeper, to' the publication by order of the commilfion- 
eis of longitude. 

We ftiall here fubjoin a fhort view of the improve’ 
ments in Mr, Harrifon’.'} watch, from the account pre- 
fented to the board of longitude by Mr. Ludlam, one 
of the gentlemen to whom, by order of the commif- 
fioneis, Mr. Harrifon difeovered and explained the 
principle upon which his Time-keeper is conftruded. 
riie deftds in common watches which Mr, Harrifon 
propofes to remedy, are chiefly thefe : i. That the main 
fpring ads not conftantly with the fame force upon the 
wheels, and through them upon the balance : 2. That 
^he balance, either urged with an unequal force, or 
tuecting witli a diftereut reftftance from the air, or 
Bte oil, or the frifijon, vibrates through a greater or lefs 
arch : That thefe unequal vibrations arc not per- 

rermed in equal, times: and, 4. That the force of the 
halanct-fpring ia altered by a change of heat. 

,To remedy the firft defed, Mr. Harrifon has con- 
trived that his watch (hall be moved by a very tender 
pring, which never unrolls itfclf more than onc-eighih 
part of a turn, and ads upon the balance through 
®r»e wheel only* But fucb a fpring cannot keep the 
}^atch in motion a long time. He has, therefore, 
Joined another, whofe office is to wind up the hrft 
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fpring* eight times in every minute, and which is iifdf 
wmind up but once a day. To remedy the fecond de- 
led, he ufca a mucii ftronger balnncc fpring than in a 
common watch, I'or if the foice of this fpring uporr 
the balance remains the f.ime, wliilft the force of the 
other varies, the crrois arili ng fiom that vaiutioii will 
be the lefs, as the fixed force is the greater. But » 
ftrongcr fpring will require either a heavier or a laigtr 
balance. A heavier baiance wtuiltl have a greater trii 
tion. Mr, flai’iilon, thert lore, iiu n .ales the diameter 
of it. In a coininuii watch it is under an inch, but in 
Mr. Han ifou’s two inches and two tenths. However, 
the methods already defcri!)ecl only lelfcnlng the crrois, 
and not renun ing them, Mr. Ilaiiilbn ufc-, t\v<i wa)8 
to make the times of the vilnations equal, though tire 
arches may be uiie«pial : one is to pl.iee a pin, lb that 
the babnce-fpiing prefliug aguinll it, lus its force in- 
creafed, but incfealcd lefs when the vnii.itionj aic 
larger: the othei to give the palletfc Incli a fhape, that 
the vvlieelfi prcls them with lefs advantage, wdieii the 
vibi-ations are larger. To remedy the lalt defed, Mr. 
Harrifon nfes a bar compounded of two tliiii plates of 
brafs and ftecl, about two inches in length, riveted m 
feveral places together, fallcncd at one end and having 
two pins at the other, between which the bdliuuc 
fpring paftes. If this l^ar be ftraigbt in tcinpciatc wea- 
ther (brafs changing its length by bent move tlum 
fteel) the brafs fide becomes convex when it is heated, 
and the ftecl fide wdien it is cold: and thus the pint 
lay hold of a different part of the fpring in difi'erent 
degrees of heat, and lengthen or ftiorten it as the re- 
gulator does inn common watch. 

The principles, on which Mr. Arnold’s Time keeper 
is conftrubfed, are thefe : The balance is iinconnedeJ 
with the wheel work, except at the time it receives the 
impulfe to make it continue its motion, which is only* 
wliilft it vibrates 10® out of 380'^ wliich is the whole 
vibration ; and during this fmall inteiTal it has little or 
no friblion, but what is on the pivots, which work in 
niby holes on diamonds. It has hnt one pallet, which 
is a plane furface formed out of a ruby, and has no oil 
unit. Watches of this cunftru6li(m, fa} 6 Mr. Lyons, 
go whilft they arc wound up ; they keep the fame rate 
of going in cveiy pofitlon, and are not affciftcd by the 
ditlcrcnt forces of the fpring ; and the compenfation 
for heat and coM ia abrohiiely adjuftable. Phipps’# 
Voyage to the North Pole, p. 2jo, Sec Lonoi- 

TUDK, 

TISRI, or TixRt, in chronology, the firft He- 
brew month of the civil year, and the 7th of the ccclc- 
fiaftical or facred year. It anfwered to part of oni 
September und 0 (^obcr. 

TOD <woolf is mentioned In iht ihtute 12 Caro!. II. 
c. 32, as a weight containing : itone, or 28 pounds, 

TOISE, a French miafure, containing 6 of ihcir 
feet, fimilar to onr fathom. 

TONDIN, or TAsniXi), in Aichiiebture. See 
Tore. 

TONE, or Tune, in Mnfic, a propertv of found, 
by which it comes under the relation of grave and 
acute; or the degree of elevation any fouud ban, from 
the degree of fw-iftnefs of the vibrations of the parts 
of the fonorous body. 
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For tKc cauf^, meafore, degree, difference, d^c, of 
Tones, fee Tune. 

The word Tone is taken m foar different feiffes 
among the ancients, l, For any found, 2, For a 
certain interval; as when it is faid the difference be- 
tween the diapente and diateffaron is a Tone. 3, For 
a certain locus or compafs of the voice ; in which 
fciife they nfed the Dorian, Phrygian', Lydian Tones. 
4. For tcnfion ; as when they fpcak of an acute, a 
grave, or a middle Tone. \Valli8*a Append. Ptolom. 
Harm. p. 172. 

Tone is more particularly u fed, in mufic, for a cer- 
tain degree or interval of tune, by which a found may 
be cither raifed or lowered from one extreme of a 
concord to the other, fo as ffill to produce true me- 
lody. 

In tempered fcalcs of mufic, the Tones arc made 
equal, but in a true and accurate pradicc of finging 
they are not fo, Pepufeh, in Pliilof. Tranf. Ho. 481, 
p. 274. 

Befidc the concords, or harmonical intervals, mufi- 
clans admit three lefs kinds of intervals, which arc 
the meafurcs and component parts of the grciitcr, and 
are called 

Of thefe degrees, two arc called Tones, and the third 
a fcmiione. Their ratios in numbers are 8 to 9, called 
a grcaier Tone \ 9 to 10, called a lejfer Tone; and 
15 to 16, a femltone. 

The Tones arife out of the fimplc concords, And arc 
equal to their diflerencca. Thus the greater Tone, 
H ; 9, is the difference of’a 5th >and a 4th; the lefs 
Tone 9 : 10, the difference of a lefs 3d and a 4th, 
or of a 5th and a greater 6th ; and the femitone 
35 116, the difference of 41 greater 3d and a 4th. 

Of thefe Tones and femitones every concord is com- 
pounded, and confcquently every one i$ i*efolvablc into 
« certain number of them. Thus the lefs 3d con fills of 
one greater Tone and one femitone; the, greater 3d, of 
one greater Tone and one lefs Tone i the 4tn, of 
one greater Tone, one lefs Tone, and one femitone ; and 
the 5th, of two greater Tones, one lefs Tone, and one 
femitonp. 

TONSTALL (CuTH^EaT\ a learned ErtgPlh di- 
vine and matheipatici.in, w^is born [n the year 1476. 
He entered a ffudent at, the univerfity of Oxford about 
the year 349^; but afterwards, being driven from 
thpnee by the plague, be, wejit to Ombridge, and 
ihortly alter to the univerfity of Padiia in Italy, which 
wai then in a flourilhing ffaic of literature,' where his 
genius and learning acquire^ him' grea^f tefpCd from 
every one, particularly for his khowkdg^ in'malhema- 
, tics, phllofopby, and jurlfprudpce. > ‘ 

"Upon his return home, be rhet* witli great favours 
from the government, obtaining fcveral prefer- 

ments, and the office of (ecretary to Ac ^tiffin W of 
the king, Henry the 8th. This prfnee*,*‘K*»yiAg alfo 
employed him on fcveral foreign emba'ffies, !vcU 

Satisfied with his conduft, tbjt he firft gave Wrtrltlic 
bilhopric of London in 1*522, and afterwards tliAt of 
Durham in 1 530. 

Tunllall approved at firft of the diffolutkm of the 
marriage of his benefaflor with Catherine bf $pain, 
and even wrote a book in fftvbui* of rhit diiTotation ; 
luit he:, afterwards condemned that work, and experU 


enced a griat feverfe of’ foituae. He was tjefUd from 
the fee of < Durham for his religion in the tune of Ed- 
ward the 6th, to which however he was reftored again 
by queen Mary m the beginning of. her reign, but 
was again expelled in .IC59 when queen Eliza- 
beth was fettled in hpr tforone, and 1^ died in a 
prifon a few months after, in the 84th; year of his 
age. 

Tofiftall was doubtlefs one of the moft learned men 
of his time. ** He was, fays Wood, a very good Gre- 
cian and Ebritian, an eloquent rhetorician, a Ikilful 
mathematician, a noted civilian and-canonift, and a 
profound divine. But that which maketh for hid 
greateft commendation, is, that Erafmus was his 
friend, and he a faff friend to Erafmus, in an tpiiilc 
to whom from Sir Thomas More, I find this charadv^r 
of Tonftall, that, “ As there was no, man more adorn- 
ed with knowledge and good literature, no man move 
fevcrc and of greater integrity for his life and manners ; 
fo there was no man a more fweet aiuj pleafant com- 
panion, witli whom a man would rather choofc to 
converfe. 

His writings that were publiffied, were chiefly the 
following : 

I. /n Laudem Matrimonii f Lend. 1518, 410.— But 
that for which he is chiefly entitled to a place in this 
work, was his book upon arithmetic, viz,, 

. Dt jirte Suppuiand{^ Lond. 1512, 410, dedicated 
to Sir Thomas More. This was afterwards ftvcral 
times printed abroad. 

3. A Sermon on Palm Simday before king Henry 
the 8th, &c. Lond. 15.39 and 1633, 410. 

4. De Veritaie Corporis (5* Sanguinu Domini in E'i- 
chnrjflia, Lutet. 1554. 410.^ 

5. Compeadium in decern Libros EthUorum Anjlctclv. 
Par. is'54» in 8vo, 

6 ^ Contra impios -Blafphemaiores Dei pradrjiin.iiknis 
opera, Antw. 1555,. 410, p 

7, Godly and devout Prayers .in Englilh and Ltiin- 
1558, in 8vo, 

topography, is a dtfcriptlon or draught ('t 
Tome particuldr place, or fmall trad bfland ; as th.ii 
of a city or town, manor or tenement, field, gaidtii) 
houfe, calHe, or the hki ; fuch'as furvtybrs fet out m 
their plots,- or make - drhughti^ of,- for the infoimation 
ami f&tisfa^ion of the propnetort; 

Topbgwphy differs from Chorography, as a parU' 
Culaf from a more general. 

’ TORNADO, a fudden and violent guff of wind 
^fifing fuddenly from tke fhore, and afterwards veering 
round* all pointa of the compafs like a hurricane ; very 
frequent ’flu the coalb of Guinea. 

TORRdBHT, in^Hydrogtaphf, a, temporary flream 
of water, falling fiiddcnly from mountains, &c, whtre 
ttwe have been great rains, or ah extraotdjaary 
bf'fftonrj^ fometlmes making' great ravages in 
plains. * 

TORPrICELLI. (Eyancbuste), an ilIuffrio«» 
nmihematician and pbilofopher of Italy,, was born at 
Faettaa in 1608, and trained up in Greek* 
tin* liUratai;e by an unde, who .was monh . Mtw** 
inclination led him to cultivate mathematical knowledge 
which he purfued.foinc t,mt without a ; but 4 
about- 20 years agp, be went to Rome,, where 
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. it under father Bencdia Caf- 

•tclli. .Cuftelli had been a fcholar of the gre.it Galileo, 
and had appointed by the pope profcflbr of ma- 
thematics at Kbmc. Torjricelli made fu.ch progrefs un- 
der this maftcr^ that having read Galileo’s Diahgtust 
he compofed a Treatyi concerning motion upon his piin- 
ciples* Caftelli, furpi‘ifed at the performance, carried it 
and read it to Galileo, who heard it with great plea- 
fiire, and conceived a high efteem <md friendihip* for 
the author. Upon this, Callelli propofed to Galileo, 
that Torricelli ftiouldcome and live wiili him ; recom- 
mending him sw the mod proper pcil'on he could have, 
ilnce he was the mod capable of comprehending thofe 
fubliirtc fpeculations, which his own great age, luiirmi- 
ties, and want of fight, prevented him from giving to 
the world, Galileo accepted the propofal, and Torri- 
celli the employment, as things of all others the moil 
advantageous to both, Galileo was at Florence, at 
which place Torricelli arrived in 1641, and began to 
take down what Galileo dictated, to regulate his pa- 
pers, and to in every refper^ according to his direc- 
tions. But he did not long enjoy the advantages of 
this fituation, as Galileo died at the end of only three 
months. 

Torricelli was then about returning to Rome ; but 
the Grand Duke engaged him to continue at Florence, 

^ making him his own mathematician for the prefept, and 
promifing him the profcflbr’s chair as foon as it (houM 
be vacant. 

Here he applied himfelf intenfely to the ftiidy of 
mathematics, phyfiesj and aftronomy, making many 
improvements and fome difeoverics. Among others, he 
greatly improved the art of making miijrofmpcs and 
tclcfcopcs ; and it is gcneially acknowledged thk he 
rirft found out the method of afce^talnine the weight of 
the atmofpherc by a proportionate column of ^d^k- 
lilver, the barometer being called from him the Toni- 
celiian tube, and Torricellian experiments In ihort, great 
things were expedted from him, and great things would 
probably have been farther performed by him, if he 
had lived ; ,but, he died, after a few days Ulnefs, in 
1647, when he was but juft entered the 40th year of 
his age. 

Torricelli piiblifhed at Florence in 1644* * volume 
of ingenious pieces, intitlcd. Opera Geomeirica^^ in 410. 
There was alfo publilhed at the fame place, in I 7 * 5 » 
Le%zioni Accadetnide, confifting of 96 pages in 4to. 
Thefe arc difeourfes that had been pronounced by him 
upon different occafions. The firft of them was to the 
academy of La Crufea, by way of thanka for admit' 
ting him into their body. The reil arc upon fubjefts of 
mathematics and phyfics. Prefixed to the whole is a 
iong life bf ^ Torricelli by Thomas Bconaventuri, a 
Florentine gentleman, 

TORRICELLIAN, a term very frequent among 
phyfitfal writers, ufed in the phrafes, Torricellian tithe ^ 
or Torricellian experiment^ on account of the inventor 
Torricelli, a difclple of the great Galileo, 
Torricsilian Tubc^ is the barometer tube, b^>”^ 
a glafs tube, open at one end, and hermetically fcaJed 
the otbey, about 3 feet long, and yV of 
diaUifter. . - 

TdRRKR^iifiAN or the fiJUug the baro- r 


meter tube, is performed by filling the Tornccllldii tube 
with mercury, then (lopping the open orifice with the 
finger, inverting the tube, and plunging that orifice 
into avcflcl of llagnant mercury. This dotic, ihc fin- 
ger is removed, and the tube (ulUined ptirpcndicului to 
the (uvlaceofthc mercury in the vcfiel. 

The confi-quence is, thot part of the mercury falls 
out of the tube into the vcffel; and ihcU* remains on!y 
enough ill the tube to fill about 30 inches of its capf- 
city, above the fuiface of the llagnant metemy in the 
veffel ; thele being lullaincd in tlic tube by ihc prifTinc 
of the atmofpherc on the I'urfacc of the (Ingnant mer- 
cury ; and aceoiding as the almofphtic is more or kfs 
, hcavy,^ or as the windi», blowing upward or downward, 
heave upordeprcf-i the air, aiul fo iiiercarc ordnninilh 
its weight and fpiing, moie or Icfs nicieury is fulUiined, 
from ah to 31 indies. 

The ToiriccUiau Experiment conftitutes what we 
now call the Barofneter, 

ToRRichLLiAN Vucuum^ 18 the v.icmini pi odiiccd by 
filling a tube witli mercury, and when invent d allowing 
it to defeend to fnch a height as is connteilialanccJ by 
, the preiTure of the atmofpherc, as in the T‘orricellian 
, Experiment and Barometer, tlic vacuum heiiig that 
part of the tube above the furlace ot the meicuiy. 

TORRID is tliat round the middle of the 

earth, extending to 23 i degrees on both fidts of the 
equator. 

, TORUS, ,pr Turk, in Architc< 5 lurc, is a large round 
moulding in the bales of the columns. 

TOUCAN, ciT, American Goo/e^ is. one of the modern 
conftcllations of Uie fouthern hemifphcre, confilling of 
9 finall ftnrs. 

TRACTION, or Drawingt is the afl of a moving 
power, by which the moveable is brought iieaier to the 
mover, called alfo attraftion, 

TRACTRl X, in Geometry, a curve line called alfo 
Catenaria ; which fee, 

TRAJECTORY, a term often ufed generally for 
the path of any body moving either in a void, or in ii 
mediium that itfifts its motion j or even for any curve 
palBiig through a given number of points. Thus NVw- 
ton, Frlncip, lib. f, prob. 22, propofc'i to dcfciibc a 
Trajedory that (hall pufs ilirough five given points. 

TRAjhCrotLY 0/ a Cornet^ is its path or oibir, oi 
the line it deferibes in its motion. This path, 
lius, in his Cometographia, will have to bcveiy nemiy 
a right line; but Dr. Halley concludes it to be, ns it 
really is, a veiy cxccntric dliplls ; though its pi ice 
may often be well computed on the fuppofition of its 
being a parabola. — Newton, in prop.^ 41 of his 3d 
book, (hews how to determine the Trajedory of a co- 
met from three, obfervations ; and in his lall prop, how 
tbeorre^ a Trajeftory graphically deferibed. 

TRAMMELS, in Mcdiauics, an iudrument ufed 
by artificers for drawing ovals upon boards, &c. One 
, part of it confifts of a crofs with two grooves at right 
angles ; the other is a beam carrving two pins which 
flide in thofe grooves, and alfo tne dcfcnbing pencil.' 
All the cngiius for. turning ovals arc conllruaed on the 
f^me principles with the Trammels i the only difference 
■ Is, that in the Trammels the board is at r cll, and the pen- 
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wT tBover upon it irt thie tuttiing' engi'nt^ the tool, 
which fttpplies the place of the pencil, i» at reft, and 
the board movea^againft it. See a dcmonttration of the 
chief properties of thefe inflrumehts by Mr. Ludlam, 
10 the Philof. Tranf. vol. 70, .pa. 378 &c. 

. TRANSACTION, Philo/ophtcalf are a cohoc- 
tion of the principal papers and matters read before 
certain phik>fophical focietics, as the Royal Society of 
London, and the Royal Society of Edinburgh. Thcfe 
'Lranfadions contain the feveral difeoveries and hillories 
of nature and art, either made by the members of 
thofe foclctics, or communicated by them from their 
corrcfponclents, with the various experiments, -ob- 
fervations, &c, made by them, or tranfmitted to them, 
&c. 

The Philof. Tranf. of the Royal Society of Lon- 
don were feton foot in if.65, by Mr. Oldenburg, the 
then fecrctary of tliat Society, and were continued by 
him till the year 1677. They were then difeontinued 
upon his death, till January 167S, when Dr. Grew 
refumed the publication of them, and continued it 
for the months of December 1678, and January and 
Febiiiary after which they were intermitted till 

January 1683. During this lad interval their want 
was in fome meafure fupplled by Dr. Hook’s Philofo- 
phical Colkflions. They were alfo iutenupted for 
3 years, from December 1687 to January 1691, befidc 
other fmaller interruptions amounting to near a year 
•and a half more, before O6lober 1695, fince which 
time the Tianfadions have been carried on regularly to 
the prefent day, with various degrees of credit and 
merit. 

Till the year 1752 thefe Tranfa^lions were publi%d 
in numbers quarterly, and the printing of them was 
always the fingle a£f of the refpedive fccrctarles till that 
time ; but then the fociety thought lit that a commit- 
tee lliould be appointed to confider the papers read be- 
fore them, and to feIcA out of them fuch as they ihould 
judge mod proper for publication in the future Tyanfac- 
lions. For this purpofe the members of the council 
for the time being, conftitute a dandlng commjttce ^ 
they meet on the lird Thurfday of every month, ^iid 
po Icfs than feven of the members of the committee (of 
which number the prefident, or in his abfence a vice 
prefident, is always to be one)' are allowed to be a 
quorum, capable of acting in relation to fuch papers; 
ant> the queftion with regard to the publication or any 
paper, is always decided by the majority of votes taken 
by ballot. 

They are publilhcd annually in two parts, at the eX- 
pcnce of the fociety ; and each fellow, or member, is 
entitled to receive one copy §rath of evciw part pubHlhed ' 
after his admiflibn into the fociety* For many years 

f )aft, the collc^ion, in two parts,, has made one vo- 
iime in each year; and in the year 179^ the number of 
the volumes was 83, being to lefa than the number of thr 
year in the century. They were formerly much refpe^ 
ed for the great number pf excellent papers and difuo- 
veries contained in theili ; blit within the lad dosen* 
years there has been a great falling off, and the volumes 
are now confidcrcdas of very inferior merit, as w^Fas- 
qvuXntity. . 

^jl’here is alfo t very ufeful ABridgi^nt,. of thdfe 


volumes of the TrEmfad^toitc that before 

the year 1752, when the (bclety began to publifh the 
Trafnfa^iions on their own ' account, Thoife to the end 
of the year' 1700 were abridged, in 3 wlumes, by Mr. 
John ijowlhorp ; thofe from the year lypo to 17:0 
were abridged, in 2 volumes, by Mr. Henry JOnes ; 
and thofe from 1719 to 1733 were abridged, in 2 vo- 
lumes, by Mr. John Eames and Mr. Joho Martyn ; 
Mr, Martyn alfo continued the abridgment of tlwfc 
from 1732 to 1744 in 2 volumes,, and of thofe from 
1744 to 1750 in 2 volumes making in all r i volumes, 
of very curious and ufeful matters in - all the arts and 
fclences, 

' The Royal Society of Edinburgh, inftituted Jn 
1783, have alfo publllhcd 3 volumes of their Philo- 
fophical Tranfa^lions ; which are defcrvedlv held in 
the higheft refpedt for the importance of their con- 
tents. 

TRANSCENDENTAL ^ianlUles, among Geo- 
metricians, arc indeterminate ones ; or fuch as cannot 
be exprefied or fixed to any conflant equation : iucli is 
a trunfceiidcntal curve, or the like. 

M Leibnitz has a dilfertation in the Afta Erud. 
Lipf, in which he endeavours to fhew the origin of fuch 
quantities ; viz, why fome problems are neither plain, 
folid, nor furfolid, nor of any certain degree, but do 
tranfeend all algebraic equations. 

He alfo fliews Imw it may be demondrated without 
calculus, that an algebraic quadratrix for the circle or 
- hyperbola is impoflible : for if fuch a quadratrix could 
be found, it would follow, that by means of it any an- 
gle, ratio, or logarithm, might be divided in a given 
proportion of one right line to another, and this by one 
univerfal conftriidion : and confequcntly the probh'ni 
of the fedion of an angle, or the invention of any 
number of mean proportionals, would be of a certain 
finite degree. Whereas: the different degrees of alge- 
braic equations, and therefore the problem undcrllood 
in general of any number of parts of an angle, or mean 
proportionals, is of an indefinite 'degree, and trarf^endj 
all algebraical equations. 

Others de^iic. Tranfccndental equations, to be fuch 
ftuxional eqy^itipns as do not admit of fluents in com- 
mon fiiiite algebraical equations, bpt as exprefied by 
means ©rfome curve, or by logarithms, or by 

ferles ; thus tbe exprefiion^' = ~ - is a Tran- 
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fccnSental" equation, bccaufc die fluents cannot both k 
expreffed in finite terms. And the equation wh.ch 
exprerfes the relation between an arc of a circle 
and its fine is a Tranfcetidcntal equation ; for Ntw- 
ton has demon/irated that this relation cannot be cx- 
pefled by any finite algebraic equation, and tliercf(jrc 
it can only be by an Infinite or a Tranfcendental 
tion* 

_ It is alfo ttfual'to rank exponential 


Tranfcendental ones ; bccaufe fuch equations) 


exprefied in* finite termsybarve variable exponents, v 
cannot be expunged but by putting ‘ 

*’ ftuiiow, or loigarkhins, fitc. 
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^nation jl =r « x log. zi =: log. or 

^ X \6g.a . 

^ J' 

Transcendlktal Curvf>t Jn the Higher Geome- 
try, is fych k one is cannot be definecl by an algebraic 
equanon } or of which, w^hen it iq expreffod by an 
eq uation, one of the terms is a variable quantity, Cr a 
curve line. And when fuch curve line is a geometnVal 
one, or one of the firft degree or kind, then the Tran- 
{bendenlal curve is faid to be of the fccoiid decree or 
kind, Ikc. 

Thefe curves are the fame with what Des Cartes, 
and others after him, call mechanical curves, and 
which they would have excluded out of geometry ; 
contrary however to the opinion of Newton and Leib- 
nitz ; for as much as, in the conllru^fion of geome- 
trical problems, one curve h not to be preferred to ano- 
ther as it is defined by a more fimple equation, but as 
It is more cafily deferibed than that other : belides, 
fome of ihcfe Tranfcendental, or mechanical < urves, arc 
found of greater life than almoll all the algebraical 
ones. 

M. Leibnitz, in the A<^la Erudlt. Lipf. has given a 
kind of Tranfcendental equations, by which ibefc 
Tranfcendental curves are ually delincd, and which 
arc of an indefinite degree, or are not always the fame 
in every point of the curve. Now whereas algcbraifta 
ide to aUume fome general letters or numbers for the 
quantities fought, in thefe Tianfcendental problems 
Leibnitz aflumes general or indefinite equations for the 
lines fought; thus, for example, putting x andy for the 
abfeifs and ordinate, the equation he ufes for a line re- 
quired, is Hb l>x cy + t'xy 4* fax -f- ^yy &c = o : 
by the help of which indefinite equation, he feeks for 
the tangent ; and comparing that which refults with 
the given property of tangents, he finds the value of the 
aflumed letters a, c, &c, and thus defines the equa- 
tion of the line fought. 

If ihecomparifon abovementioneddo not fuccced, he 
pronounces the line fouglrt not to be an algebraical, 
but a Tranfcendental one. 

This fuppofed, he proceeds to find the fpccies of 
1 ranfcendency : for fome Tranfcendentals depend on 
the general divifion or fc< 5 lion of a ratio, or upon loga- 
rithms, others upfon circular arcs, See. 

Hc;e then, befidc the fymbols A^andy, he afiiimesa 
third, as to denote tJie Tranfcenddntai quantity ; 
and ojf thefe three he forms a general equation of the 
hue fought, from which he finds the tangent according 
Jo the diffei^ptlat' method, which fifcceeds even in 
A*‘ 3 *>fccndcntal' quantities. This found, he compares 
with the given properties of the tangents, and fo dif- 
cover^ not t)nly th^ values of See, but alfo the 

particplar nature of the Tranfcendental qiianlity. 

Tran fehn den’ll problems arc very well manage4 by 
the methbd of flux^ions. Thus, for the relation of a 
^ircu4r arc and ri^t-line., Ict^? denote the arc, and a’ 
the verfedffine,* to the radius i, then is a = fluent of 

\ and if |hc ordinate of a cycloid be y, then is 

^ ^ ^ XX fluent of / ■■■ 

V2-r — xr 

9 . 


Thus rt thean^^ticaI calculus extended to ihofc tires 
which have hitherto been exelutled, fo, no other caufe 
r... thev were thought incapable of it. 

KAN'S! OKMATION, m Geometry, is the 
changing or reducing of a figure, or of a body, inta 
anotl,cr ol the lame are.i, or the fame folidiry, but 
of a diflcrtnt form. As, to Tiansfofm or reduce a 
triangle to afcju.iic, or a py, amid to a paralhlopipedon. 

I R ANj.FORM ATION (J Jir^uafionx^ in Algebra^ is tl'c 
changing cijintions intoothcis of adilTerent form, but 
ot equal value. riiis optM-.uinn is often neceflary, to 
p cparc equations for a more tMfy folntion, fome ofthc 

pnticipal caies of which arc as follow The fi-nis 

ot the roots of an eqiicuion arc changed, viz, Uic po- 
fitive roots into negaiivc, and the negative roots Into 
poluive ones, by only clianging the figns of the ^d, 
^th, and all the other even terms of the equation, 
1 hus, the roots of the equation 

.«‘-A»-l9.r> + 49.x-30=:o,aie + i, + 2, + 3,-5; 
wlicrcab the roots of the fiimr equation haring only the 
figiis of the 2d and 4th terms changed, viz, of 
^^4 + .v’-i 9 v'~ 4 gr- 30 =ro,are-i, 4 y. 

2. To Transform an equation into another lliat fli.ill 
have its roots greater or kls than the roots of the pio- 
pofed equation by fome given difference, proceed as fol- 
lows. Let the piopofed equation be ilie cubic 
— fl.v* -f — c =r 0 ; and let it be required to 
Transform it into another, whofe roots fhall be Icfs than 
the roots of this equation by fome given difleicncc d ; 
if the rooty ofthc new' equation mult be the Icfs, take it 
y zz: X d, and hence .r = ^ -f d; then in (lead of 
and its powers fubflltute y -f J and its powers, and, 
there will arife this new equation 

(A) y + ^dy^ -b 3,/*^ 4 r/M 

— ay^ — 2 ady — ad* I 

+ + f ~ 


whofe roots are lefslhan the roots of the foimer equa- 
tion by the dilfcicnco d. If the roots of the new equa- 
tion had been required to be greater than tliofe of the 
old one, w-e mull then li.ive lubflituted j .;i’ 4 d^ 
or X := y df See, 

3. To take away tlie 2d or any other particular term 
out of an equation ; or to Transform an equation, fo as 
tlie new equation may want its 2(1, or 3d, or 41(1, Sec 
term of the given equation — ax* 4 lx — r O, 
which is transformed into the equation (A) in the hit 
article. Now to make any term ol tins equation (A) 
vanifh, is only to make the coefTRicni of that term = o, 
which will form an equation that will give the value of 
the aifumed quantity d, fo as to produce the defirtd cf- 
vizf to make that term vanlOt. .So, to take awav 
the 2d term, make y/ — n = o, which make# the al- 
fumed quantity d = 'i'o take away the 3d term, 
we mull put the fum of the cocfficientA of tliat term = o, 
that is 3rif* — 2ad 4 ^ rr: o, or y/* — lad =r — 
then by rcfolving this quadiaiic equa tion, the icis found 

the aflumed quantity if n d: \ by the 

fubflitutibn of which for d, tlic 3d terra will be taken 
away out of the equation. 

In like manner, to izikc away the 4th term, we mufi 
inakc the fum o£ Jls cocfiicieais d^—ad* -f- Id^-^c ^o\ 

Hiid 
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and foon for any other term whatever. And in the 
fame manner we inu(l alfo' proceed when the propofcd 
equation is n(H^a cubic, but of any height yhateveT^ as 
i ,r" — ‘ + bx '^ ^ " * &c =r o ; 

tills is firft, by fuliftltutlpg ^ + d for jr, to be Tranf- 
fbnticd to this new equajtion 

, + }«.« - i ;^y“ * &C "j 

J — "i * — <i ,/i — I .i/y" ‘ * See j — ® > 

tlien, to takcj away the idi term, we muft make 

,.nj — a = 0, or // rr ^ ; to take away the 3d term, 

i^re mull make {n»n — i . — a . « *?- i ^ = o, 

<Jr ^ = ; and fo on. 

« « (« — 1 ) , 

Frorh whence it appears that, to take away the 2d 
- term of an equation, we muft refolvc a fimple equation ; 
for the 3d term, a quadratic equation ; for the 4th 
term, a cubic equation, and loon. 

4. To multiply or divide the roots of an equation by 
any quantity ; or to Transform a given equation to 
another, that rtiall have its roots equal to any multiple 
or fubmultiple of thofe of the propofed equation. This 

y 

is done by fubftituting, for x and its powers, -^or 

and their powers, viz, ^ for .r, to multiply the roots 
m 

by m\ and py for to divide the roots by 


- ax^i/p + hx - c^p = 0,. by puttliigji -= .vy//, 
or multiplying the terms, from the zd, by the gcome- 
tricalfr />'^V^/i“t8Tr«Twfbfmed 

yi - off + % - 0. 

6. An equation, as x^ — ax* r =r o, inny 

be'Transformcd into another, whofc.iJOQUfliallbcthc 
reciprocals of the roots of the given equation, by f|:b. 

ftituting - for X ; !by which it becoi^es 

1 a ^ b ^ \ 

y " + J - ' = I®' °''' ““Wplying «ll by j,J, tht 

fame becomes cy^ — {y® + sry — i = cf. i 
On this fubjeft, kc NewtWiAlg. onl the Tran fma- 
tation of Equations!; Maclaurin’s Algcl^. pt.'2, chap. 
3 and 4. Saunderfon’s Algebra, vol. 2, p|a. 687, &c. 

TRANSIT,' in ]\ftronomy, denotes jthe palTagc of 
any planet, juft before or over another pjlanct or liar ; 
or the palling of a ijiar or planet Over th)e meridian, 01 
before an aftronomicalinflrument. » 

Venus and Mercm7, in their Traiifits’ over the fun, 
appear like dark fpecks. 

Do£lor Halley computed the times of a number of 
thefe vifible Tranfits, for the laft and prefent century, 
and publilhed in the Philof. Tranf, iiumL 193. See al- 
fo Abi;idg. vol. t, pa. A27 &c. A Synopfis of thefe 
Tranfits is as follows, tliofe of Mercury liappeniiig i" 
the months of April and O6lober, and thofe of Venn 
in May and November, both olddlyle ; and if 11 da\s 
be added to the dates below, the fums will give the timei. 
for the new-ftyle. Firft for Mercury, and then fo. 
Venus. 


. V 

Thus, to multiply the roots by m, fubftituling 

for jr in the propofed equation 
A* — tfw" “ ‘ d- Av" ” * &c = 0, and It becomes 



or multiply all by then is 

&c = O, 

an equation that hath its roots equal to m times the 
roots of the propofed cquatibn. 

In like manner, fubftituting py for a*, in the propofed 
equation, &c, it becomes 



an equation that hath its roots -equal to thofe of the 
jiropofed equation divided by p. 

From whence it appears, that to mt^iply the roots 
of an equation by any quantity w, we mud multiply 
its terms, beginning at the jid term, refwAivdyby the 
terms of the geometrical ferics, la, &c. 

And to divide the roots of an equation by any quan* 
tity p, that we muft divide its terms, beginning at 
the zd, by the correfpoAding term^of this feries 
A &c. 

5, And fometimes, by thefe Transfililmatiohf, equa- 
tloos are cleared of frailions> or e^en of (brds; Inus 
the equation 


^ Series of the Moments when Mercury is feen in Con* 
jundion with the Suny and within his Difc^ 
the Dijlanoes of the fame Planet from the Suns 
Cesitre* 


In /fpfiiy Qld**Stylf. 


Years. 

Times of Mercury’s 
ConjunAion. 

Diftances from the 
the Sun’s Ceniie. 

y * 

d. * 

h. 

min. 

t 

n 


i6j5» t 

22, 

21 

38# 

1 

20 

N 

i6a8' 

H 

5 


9 

35 

S 

1661, , 

23 

4 

5*# 

4 

*7 

N 

*674 

26 

12 

^9 

12 

28 

S 

; >707 

H 

12 

6 

1 

34 

N 

1^2 0 ^ 

lb 

19 

43# 

>5 

21 

S 

1740 

21 

II 

43 


36 

N 


u 


*0# 

1 

>9 

S 

,» 7®1 

11 

.1? 

57 # 

12 

43 

N 

^ 1799 - 


2 

34 # 

4 

12 

S 
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Oaoher^ Old-Style. 

-r 


1 

Years. 

, I'ames of Mercury’s 

Diftanccs from the 


ebniun^ion. 

Sun’s Centre. 


d. 

h. 

m. 

f 

/I 


x6o^ 

12 

8 

29* 

12 

48 

8 

1616 


2 

4 * 

4 

45 

S 

1631 

27 

*9 

37 * 

3 

18 

N 

1644 

30 

^3 

11 

It 

21 

N 

1651 


*3 

10 

II 

26 

S 

1664 


6 

54 * 

J 

23 

s 

1677 

^28 

0 

*8 4 ^# 

4 

40 

N 

1690 


r8 

2* 

12 

43 

N 

1697 

^3 

18 

It* 

10 

4 

S 

1710 

26 

XI 

4 J 

2 

I 

S 

'723 


5 

■ 9 * 

6 

2 

N 

'730 

22 

5 

.28 

16 

4 ) 

S 

' 73 * 

30 

22 

53 *# 

ti 

5 

N 

■743 


23 

2*# 

8 

4 a 

8 

1756 

10 

16 

3 ^> 

0 

38 

S 

1769 

29 

10 

10 

7 

24 

N 

■ 77 * 

22 

10, 

19 

15 

23 

S 



November 




1782 

I 

3 

44* 

15 

^7 

N 



P^lober 




1789 

^5 

3 

53 * 

7 

20 

S 


“ Thofc Tranfits which have the mark # , are but 
partly vifible at liOndon ; but thufe which are mark- 
» arc totally vifible. 

' 1 i 

“ Kdw it is to be obferved, that at the afeending 
node of Mercury in the month of October, the diame- 
ter of the fun takes up 32' 34'^ |and therefore 
^reateft duratipn of a central Trajifit is 5** 2y". 
But m tl)<g nvonth of April the diameter of the fim 
‘*■3* 54 ^ Whence by reafon of the flower , mo- 

tion of the planet, there arifes the'grcatcft dura- 
tion Kowj if Mercury approaichc? obliquely, 

durations bicomc fliorter on atcoimt of t the 
jiftaffcc fitrm’the centre of the ftin, 'And thab the 
bi more .perfed, I Iijave added the 
olio wing 'I'alHes, in which are exhipited the {half 
durationi^bf thefd eclipfCs, to eVery minute of) the 
Qdlance ^ecn^-frora the centre of the fun. Tbefe 
puded to or fubt ranted from the moment of .con- 
junction vfouAd by fthc foregoing. Table, give 
ton and/pd of tho-v whole pbcn^^rac- 
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OQoher. 

Diftancem 

Min. 

Half dura- 
tion. 


Diftancein 

Mm. 

Half dura- 
tion. 

/ 

\ 

h. 

m. 


1 

h. m. 

0 

4 

oi 


0 

» 44f 

I 

4 

0 


I 

2 44 

2 

3 

5 ^ 


2 

2 4^ 

3 

3 

56 


3 

2 41P 

4 

3 

5 S 


4 

2 3k 

5 

3 

48 1. 


S 


6 

3 

41 


6 

* 33 

7 

3 



7 

2 28J 

8 

3 

28 


8 

2 23 

9 

3 

■n 


9 

2 17 

10 

3 

7 


10 

2 10 

1 1 

2 

54 


1 1 

2 I 

12 

2 

38 


12 

* 5 ' 

13 

2 

■9 


13 

* 39 

14 

1 

55 


14 

< 24 

15 

I 

2'i 


M 

1 4 

Mi 

0 

5 * 


16 

0 CO 

0 ^0 


O/de Fifthle Conjunaion of Fams the Sun. 

<< Though Venus is tlic moft beautiful of all the 
ftnrs, yet (fays Dr. Halley) like the reft of her fex, 
(he does not care to appear in fight wnthout her b^r- 
rowed ornaments, and her affumed rjdendor. For the 
confined laws of motion envy this fpcCtjcIe to the mor* 
tals of a whole age, like the fccuiar games of the An- 
cients; though it be far the moll fioblc among all tbofe 
that aftronomy can ])rctcnd to ftrew. Now it fliall be 
declared hereafter, that by this one obfcr\ation alone, 
the diftanre of the fun fiorn the eaifh may be deter- 
mined with the greateft certainty which hithcito lifis 
been included within wide liinitP, bocnfifc of the parallax 
which ib otherwifo iofenfibk*. lint as to the periods, ' 
they cannot bcdtfcnhcd fo accurately as tbok (If Mer- 
cury, fince Venus has been ohrerved within. the bin's 
difk but once fince the beginning of flic wmld, aiul that 
by our Hotrox." Dr. Halley then exhibits the prin- 
ciplesof 'calcolatihg tlicfeTraniits, fiom whence be in- 
fers that, 

**Afttr iB years Venus returns to the fim, taking 
away 'io»‘ 52{», from the moment of the foregoing 
Tranfit?} and iheopJanct proceeds in a pmh wiiicli is 
24' 41^^ more tathe fontb than the former. 

« After 235? year, atfdmg lo" y", Venus may 
again enter the. fan, but- hi a more northern path by 
11' 33". Bdt if the foregoing year U bfcxtile, 
y 10^ o'" muft be added, 

“ After 345 years Venus may alfo pafs the fun, only 
taking away o»» 43® fjwa the tirae of the former; 

bi'c 
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but process more fouthcity by if^ i^U Now if the 
foregoing year be biffcxtile, add *3®. 1 7®.' 

“ And in idl thefi^ appwlfcs of Venus to.titf fuj9». i|i 
thd month of November, <hc aigle of her path with 
the ecliptic is 9® 5', and her horary motion within the 
fun is 4' 7"* And fincc the ferrudiamcter of the fUn 
is ^6' 21", thegreateft duration of the Tranfit of th« 
cetiftre of Venus comes out y*' 56®. 

Thnn let the fun and Venus be in conjundion at 
thedefeending node In the month of May r nt^d by the 
fame numbers the fame intcrvj^ls may be compiled. 
After 8 yeara let, there be taken away z** 6** 5 5 And 
‘Venus will make her Tranfit in a more northern path 
by 19' 58''. 

After 235 years add S** i8®, or if the fore- 
going year be bifl'extile 3*^ S’' 18'", and you will have 
Venus more to tlie South by 9' 2 . 

Laftly, after 243 years addp** i*' 23“, orlf thcforc- 
going year be blfrextile i** i’' 23®, and Venus will be 
found In conjun£lion with the Inn, but in a more north- 
erly path by 10' 37". 

“ In every Tranfit within the fun at this node, the 
angle of Venus’s path with the ecliptic is 8® 2 S', and 
her horary motiop is 4' o" ; and the femidiameter of 
the fun fubtending 15' 51", the greated duration of 
the ceUtral Tranfit comes, out alfo y** 56®, exactly the 
fame as at the pther node, 

A% to the epochs, from that only ingrefs which 
Horrox obferved, the fun being then juft ready to fef, 
it is concluded, that Venus was in conjunction with 
the fun at Lonim in the year 1639, Nov. 24** 6*‘ 37% 
and that fhe declined towards the (buth 8’ But 
in the month of May no mortal has feen ner as yet 
within the fun. But from my numbers, which I judge 
to be not vciy different from the heavens, it appears that 
Venus for the next time will enter the fun in 1761, 
May 25 I y** 5 5'", that being the middle of the eclipfe, 
and then will be dlrtaiit from ]m centre 4 ' 15^^ 
towards the fouth. Hence and from the foregoing revo- 
lutions all the phenomena of this kind will be cafily ex- 
hibited for a whole millennium, as I havecomputed them 
in tlic following Table* 


/ 

/« November * 




Times of Con- 

Pi fiance from the 


jimitlon. 

Snn 

s Centre, 


d. 

h. 

m. 

t 

It 


918 

20 

21 

53 

6 

12 

N 

I161 

20 

21 

10 

6 

55 

S 

1396 

n 

7 

20 

4 

38 

N 

1631 

> 26 


29 

16 

11 

N 

1639 

24 

6 

37 

8 

3 P 

8 

1874 

26 

16 

45 

3 

3 

N 

2109 

29 

2 

57 


36 

N 

2117 

26 

16 

3 

^ 10 

5 

S 


'■ 

Years. 

’ 

Times of Con- 
junfSlroir; ' 

Diftance from the 
t! wtre. 

1048 

12S3 

1291 

1518 

1526 

1761 

>769 

1 *996 

1 2004 

d.’ h,' : 

k : 

!l J4 
*J fS ,9 
*5 34 

*3 '9 37 

47 55 
*3 ’ll 0 

28 : 3 13 . 

23 |i9 18 
1 

• 3 N 

S 3 «, S 

14 J 7 > N 

14 32 ; S 

S N 

4 «5| 1 
«5 43 N 
•3 736 ^ S 


“ As for the durations of thefe eclipfes of Venus, 
they maybe computed after the fame manner as thofe 
of Mercury in rcfpeCl of the centre. Bpt fwice Venus’s 
diameter is pretty large, and iiiice the piraUaxes alfo 
may bring a very notable difference as ^0 time, a paiti- 
cular calculation muft neccfTarily be made for c\ try 
place. 

“ Now the diameter of Venus Is fo great, that while 
Ihendhcres to the fun’s limb almcft 20 mintites of time 
will be elapfed, that is, when fhe applies direiflly to the 
fun. But when (he is incident obliquely, fhe continues 
longer in tlie limb. Now that diameter, according to* 
Horrox’s obfervation, takes up j 8", when /lie is in 
conjunftlon with the fun at the afeending node, and 
i' 1 2^' at the other node. 

Now the chief ufe of thefe conjunftions is accu- 
rately to determine the fun’s dlllance from the earth, or 
his parallax, w’hich aftronomers have in vain attempted 
to find by various other methods ; for the minutenefa 
of the angles required cafily eludes the nictll inllru- 
meiits* But in obferving the ingrefs of Venus into the 
fun, and her egrefs from the fame, the fpace of time 
between the moments of the internal contaCls, obferved 
to a ferond of time, that is, to of a fecond or 4'" of 
an arch, maybe obtained by the afftftance of a mode- 
rate tclefcope and a pendulum clock, that is confiftent 
with itfelf exaftly fpr 6 or 8 hours. Now from two 
fuch obfervations rightly made in pi-oper places, the dif* 
tance of the fun within a 500th part may be certainly 
concluded, Icc.” See Parallax. 

Transit in Aftronomy, is a. telefcopc 

fixed at right angles to a horizontal axis ; this axisbe-* 
ing fo fupported that the line of collimation may move 
in the plane of the meridian* 

The axis, to the middle of which the tclefcope 
fixed, fhould gradually thper toward ifs ends, and ter- 
minate in .cylinders well turned and fmoothed j and a 
proper weight or balincc is put on the tube, fo that it 
miy ftand fit any elevation when the axis refts on 

fupporters. Two upright pofts of wood or (lone, fi'niiy 

fixed‘at a proper dittance, are torfuftaimhe fuppor^^J? 
to this ioftrument ; ihcfc fupporters arc two thick brais 
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Ikmng finoothed tngiikr notcks tn their 
Spper <ndf to ttodtt the <yh*udrical arms of the axis ; 
each of the notched pjates is contrived to be moveable 
t)y a ferew, which Aides them upon the furfaccs of two 
other plates immovcably fixed to the two upright 
polls j one plate- moving in a vertical dire <!“> ion, and the 
^her horizontally, they ndjud the telefcope to the 
planes of the horizon and meridian j to the plane of 
the horizon, by a fpirit level hung in a polition parallel 
to the axis, and to the plane of the meridian in the follow- 
ing manner. Obferve the tlnu's by the clock when a 
circumpolar ftar, feen through this inflrnment, Tianlits 
both above and below the pole ; then if the times of 
deferibing the caftem and weftcni parts of its circuit 
be equal, the telefcope is then in the plane of the meri- 
dian ; otherwife the' notched plates mud; he gently 
moved till the time of the llar^ revolution is bifeded 
by both the upper and lower Tranlitb, taking caie ;>t 
the fame time that the axis keeps its hoiiz-ontal pofi- 


tion. 

Wlicn the tclcfcopc i^ tluis adjiiflcd, a mark muH: be 
fetup, or made, at a conrulerahie di (lance (the gnatcr 
the bettci*) In the hoiizoulal diredion of the intciTcc- 
tion of the crofs wires, and in a place wheie it can be 
illuminated in if.e night-time by a laiuliorn near it, 
which mark, being on a fixed objtd, will ferve at all 
times afterwards to examine the pofition of the tele- 
icope, by Hril adjufiing the tranverfe axis by the Icvel.^ 

To adjufta clock by the fun’s Tranfitover the meri- 
dian, note the times by the clock, when the preceding 
and following edges of the fun’s limb toucli the crok 
wires; the aifference between the middle time and 
12 hours, fliew> how much the mean, or clock time, 
is fader and fiower than the apparent or fdar time, for 
that day ; to vxliich the equation of time bcirig ap- 
plied, it will fhew the time of mean noon for that day, 
by which the clock may he adjulled. 

TRANSMISSION, in Optics, &c, denotes the 
propel ty of a traufpafent or traufiucent body, by 
vvliieh it admits the rays of light to pafs through its 
fiibllawcc ; in which feufe, the woid flanda oppofed to 

refleajoii. , r r. 

For the caufe oF Tranfmifllon, or the rcafon why 
fo:nc bodies Tranlmlt the rays, and others rcficdl them, 

fee rRANSPAHEJsiCY and OpAcrTV. r o. 

The jays of light, Newton obierves, are^ Iub>6l to 
fits of caty Tranlmlfllon and reflc(51ion. See Light, 
%nd Rkflfction. 


transmutation, or Transformation, in 

Geometry, denotes the reduction or change of one fi- 
gure or body into another of the fame aiea or fulidi- 
ty j as a triangle into a fquarc, a pyiainid lulo a 
cube. , , 

Transmutation, in the Higher Gcometr), las 
heea ufed for ihc convening of a figure into airother of 
the fame kind and order, whofc refpeflivc parts n o to 
the fame dimenfioas in an equation, and admit the lame 
tangents, &c. . , • . 

If » lineal figure be to be Tranfmutea n.to au- 
Iber, it Is fuSicient lliat the intcrfiilioiis of the lines 
wliicti comoofe it be tuosferred, and Imc drawn ilirougU 
*>>e fame h tbe new figure. But if il.« ‘‘gnrr “> ''f 
aVaiiimuted b« curvilinear, tbe points, tangents, ana 
Vot. H, 


Other right line*, bv means of which the chew Kfie it 
to be defined, muft be tronsiferred. 

TRANSOM, among Builders, the piece that it 
framed acrofsa double light window. 

Tranbom, among Mathematicians, denotes the v.inc 
of a crofs lhiff ; being a wooden member fixed acrofs it, 
with a fquarc upon w liich it Aides, &c. 

TRANSPaA RKKCY, orTgANSLUCFNCV, in Phy* 
fics, a quality in certain bodies, by which they give* 
pallage to the rays of light. 

The Tranfparcncy of natural bodies, as glafi, w-ater, 
air, &c, isafcrilxd by Tome, to the great number and , 
fj7-c of tiic pores or intertb’ccs between tin* partieles of 
thofc bodies. But this account is very dUc^five; foe 
tlie moll folul and opaque boily in u.iliire, that w’C 
know of, contains a great deal moic T'oteu than It does 
iTiaiter ; furely a great deal mote tli in is tu tefbuy' 
for the paffage of fo veiy fine mk\ lubtle a body ai 
light. 

Ai ill otic, Dcs Cartes, 3 tc, make Tiai)fpnrency to 
conlill in ilraightnefs or rertilincnl direction of tbe poi t si 
by means of which, fay they, tbe m\se:ui make their 
wayihrough, without finking ag’.inll the Itdid parts, 
and fo being refiii^fed back again. But liiiii account, 
Newton flicws, is iinpcrfcif ; the quantity of ports in 
all bodies being/ulfii ieut to tianlinit all I'.ie i.ivs tliat fnll 
upon them, however ihofe poicsbe filuatcd with refpcvt 
to each other. 

The rcafon then why all bodies arc not Tianfparcirt, 
is not to be aferibed to ibtir want of ictbiliiical poiei *, 
but eitlier to the unequal deufity ot the jiarts, or to the 
pores being filled with fomc foreign matters, or to 
their being quite empty, by means of which the rays, 
in pafling tlirougb, Undergoing a gieat variety of re- 
fledlions and refrattiona, aic perpetually diveitcd dif- 
ferent ways, till at length falling on fome of the 
fidid parts of the body, they aic extinguiihed and ab- 
forhed. 

I'hus cork, paper, w'Ofid, 5 cc, arc opakc ; while 
glafs, diamonds, &c, arc Tranfparent ; and the renfoii 
IS, that in the neighbourhood of pnits equal in denfity 
with refpcifl to cat It olhc, as thefe latter bodies, the 
atliadion being equal on every fide, no reflexion or 
refratff ion eu flies ; but the rays which entered the firft 
fuifacc of the body proceed quite through it without 
interruption, tliofc few f>:)ly excepted that chance t(> 
meet with the folul -partb : but in the neighbourhood 
of parts that dill'rr much in denlily, fneh as the partf 
of \vuo<l and paper are, boili in refperl of ihcmfelvcs 
and of the air, or the eirpty fpace in tluir poiesj 
as the attrai^tion Is very unequal, the rc/leiftions ana 
vefraaions mud: be very great ; and therefore the rayt 
.will not be able to make ibeir way through fuch bodies, 
hut will be varioufiy dedcdled, and at length quite 
dopped. See Opacity. ^ . 

TRANSPOSI'I'ION, in Algeb.a, 13 ihe bringing 
any term of an equation over to llie other lidc of it* 
T!i’! 3 , if + V 1= r, and you make .v c — thcA 

is laid to bcTranfpoftd. ' 

I’hls operation is to be performed in order tp brin^ 
all the known teinis to one fide of the equation, and aU 
tt>fc that a.c unL.o,n to the other ifdc of it ; and 
every term thus I’lanTpofvd muft xlway# have its-figft 
£ changed* 
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changed, from +‘ to — , or from — to + ; which in 
fad 18 no more than fubtra£tlng or adding fuch term 
on botli Tides of the equation. Sec Reduction of 
Equations. ^ ■ 

TKANSVERSE-y^.v/^, or Dumetery In the Conic 
Sedtions, is the Tirft or principal diameter, or axis. 
See Axis, DiAMiiTEn, and Latus Transver- 
tUM. 

Ill an elllpfe the Travifrei fo is the longefl of all the 
diameters ; but the Ihmtefl of ail in the hyperbola; 
Jind in the parabola the diairetcis aic all equal, or at 
lead in a ratu) ol cqualilv. 

TRAPEZIUM, ill Gcomctiy, a plane figure con- 
tained under four right lines, of which both the oppo- 
fitc pairs are not parallel . — W hen tins hgme has tv\o of 
its Tides parallel to each other, it is fometimes called a 
trupnoiii . — The chief prcpcitics of the Tiapcziiim 
»rc ab fulk.w : 

I, Any tiiree Tides of a Trapezium taken together, 
tre greater than the ihiidfidc. 

z. The two diagonals of any Trapezium divide It 
into four proporlignal tiianglcs, h, r, (h ihat Is, 
the triangle a \ h c \ 

3. The luiu of all the four inward angles, A, B, 
C, D, taken together, is equal to 4 right angles, 
w 360®. 


4. In a Trapezium ABCD, if all the fidcs be bi- 
fc^cd, in the points E, G, H, the figure EFGH 
formed by joining the points of bifedion will be a pa- 
rallelogram, having its oppofite Tides parallel to the cor- 
rcTponding diagonals of the Trapezium, and the area 
of tlie faid inferibed parallelogram is juft equal to half 
the aiea of the Trapezium. 

5. The Turn of the fquares of the diagonals of the 
Trapezium, is equal to twice the fum of the fquares of 
the diagonals of the parallelogram, or of the two lines 
drawn to blfcd\ the oppofite Tides of the Trapezium. 
That is, AC‘ + Bl> = zEG* -b aFH*. 

6. In any Trapezium, the fum of the fquares of all 
the four Tides, is equal to the fum of the fquares of the 
two diagonals together with 4 times the ftiuarc of the 
line K1 joining their middle points. Ttiat is, (firft 
fig. below) 

ABV-F BC» + CD* + DA* = AC* + BD» + 4IK*. 



7* Itt any I’rapcMiBi the fum of the two diago- 


nals, Is lefif than the fum of any four )mesi th«t can be 
drawn, to the four angles,, from any jwint within the 
figure, befide the interfedlion of the diagonals. 

B. The area of any Trapezium, is equal to half the 
reftangle or product undtlr either diagonal and the lum 
of the two perpendiculars drawn upon it from the two 
oppofite angles. 

9. The area of any Tiapezium may aTo be fouud 
thus : Muliiply the two diagonals together, then that 
juodudl:, multiplied by the fine of their angle of iutcr. 
icctioii, to the radius i,- will be the area. Ihat is, 

AC X 13 D X fin. /.L = area. 

10. The fame area will be otherwife found thus; 
Square each fide of a Trapezium, a<]d the Iquaies of 
each jiurof oppofite Tides together, fubtrad the Ids 
fum from the greater, multiply the remainder by the 
tangent of tlic angle of iiitcifedion of the diagonal 
(to rad'us 1), and 1 of the produdl will be the area. 

Thatis, DC* — AD* -f BC*) x Jtang. 41 := 

area. 

1 1. The area of a Trapezoid, or one that lias tuo 
Tides paiallel, is equal to the redangle or prodiid un- 
der the fum of the two parallel Tides and the perpendi- 
cular diftance between them. 

12. If a Trapezium be inferibed in a circle ; the fum 
of any two oppofite angles is equal to two right angles ; 
and if the fum of two oppofite angles be equal to two 
right angle?, the fum of the other two will alfo be equal 
to two right angles, and a circle may be de/ciibed 
about It ; and farther, if one fide, as DC, be produced 
out, the external angle will be equal to the interior 
oppofite angle. That is, (laft fig. above) 

Z.A-F Z.C = 4 B-b 4 D = 2 right angle?, 
and Z.A = 4 BCP. 

1 3. If a Trapezium be Inferibed In a circle ; the red- 
angle of the two diagonals, is equal to the fum of th« 
two rcdangles contained under the oppofite fide?. 
That is, 

AC X BD =r AB X DC + AD x BC. 

14. If a Trapezium be inferibed in a ciicle; it* 
area may be found thus: Multiply any two adjacent 
fidcs together, and the other two Tides together ; thtn 
add thefe two produdls together, and multiply the lum 
by the fine of the angle inclvided by either of the pairs 
of Tides that arc multiplied together, and half thislall pro- 
dud will be the area, 'i’bat is, the area is equal tiiher 

to (AB X AD -f CB X CD; x ffiu. 4Aor^C, 
or (AB X BC + AD x DC) x ^ 

15. Or, when the Trapezium can be inferibed In a 
circle, the area may be other^rife found thus : Add all 
the four fides together, and take half the fum ; then 
from this l)alf fubtrad each fide feverally ; multiply the 
four remainders continually together, and the fquare 
root of the laft produd will be the area. 

16. Laftly, the area of the Trapezium inferibed m 
a circle may be otheiwife found thus ; 
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' < • fut ifc-'A^ x' BC + An X DC, 
i li* Ba;x AD+ BC X CD, 

■ /.== AB X DC+ AD X BC, 

, r' radius of ihe circunifcrihin^^ circle, 

tlun = llic area or ihe ! i ipc/Jiim. 

’ 4 '* 


TRAPliiXOID, rjmrriiUcs (lenoj.es a iin|K’ziuni that 
has two of Its (ides puiallel ■ > each othet ; a'ui fnsne' 
times an irrc<(iilar (olid figme, having four iuits not 
patallel to each other, 

TKAVERbK, in Gunnery, ii the mining a ]>hce 
of ordnance about, as upon a centie, to injicc it jxj’iit 
in any particular direct Ion. 

Traver’se, in roililicatlon, denotes a treacli 
tfrith a little parajiet, fotnetltncs f.’.o, one on uuh fide, 
to ferveas a cover from the eju.n.y that come in 


flank. 

Traverse, In a wet fofs, is a fort of ^X.-Hcry, made 
by tlirowlng I'aucillons, joilh', falcines, lloius caitli, 
tScc, into the fofs, oppolite the place where tlic miner 
is to be put, in order to (ill up the ditch, and make a 
paflage over it. 

TR,AVtRSE alfo denotes a wall of cnith, or (lone, 
ralftd'aciofs a woik, to (lop the (liot from rolling along 

iu 


Traverse alfo fometimes figiilfits any retrenchment, 
or line foUilIcd with fafciius, barrels or bags ot eailli, 
or gabions. 

Trayersf, In Navigation, is the variation or altera- 
tion of a fhip’s coui fe, occafioned by tiie fliiiting of 
the winds, or currerils, \ or a 'rraverlc is a com- 
pound courfe, coiifilting of f^everal diflerent courfes and 
dillances. 

Travfrsf, Sailing, is the met^iod of working, or 
calculating, Traverfes or compound courics, fo as to 
Li ing them Into one, &c, 

Tiaverfc Sailing is iifcd when a flilp, havlr»g failed 
from one port tow'ards another, whofe couifc and dif- 
tonce from the former Ik known, is by u'Ahni of couUary 
winds, or other accidents, foiced to fl'iift and fail u{)on 
fevcM'al courfes, v.'hicli are to be brought into one com fe, 
to learn, afterfomany turnings and windings, the ti ne 
oranfe and diflance made good, or the tnie point lac 
ihip is arrived at; and fo to know what mull be the 
ntve courfe and diflance to the intended port. 

To Confirm n Truverfe, Alihmc i convenient point 
or centre, to begin a^, to rep.ef’.nt the place lad' (i 
from. From that point as a ctniic, with »lic clioid of 

(cC, defenbe a chvie, v-hichqnmtci with two popui- 
dic'iLir lines iuterfoeaing in the centre, one to icpulcnt 
the mciidhli), or noith and-fouth line, and tic ‘iiIim 
the cafl-and-wul line. Fuun the iiiiei hcHcns (d tluie 

lines with tite eiicle, ht olT upon the euMimt^rcncc, 

the area or degrees, t.iken from the choidr, ior the 
fevaal courits that havc been failed upon, inarKMigthc 
pointa they r^ach to in the eircmnicrcnce with tiie 
ligurcb foi; tjie prder or number of the coinhs,^ i, 

4# i and f/om the centre diaw lIncB to thae itvewl 
points ia the circumference, or conceive ^ 

drawn. Upon the firfl of tbtfe lines lay oil the Inlt 

ddUnce failed ; from Cht CKtremity of thisdjuance maw 

a line parallel to the focond radius, or hne drawn m . 
upon, which lay oif the 2d diflance*, th.oogU 


the end of this :d diflance draw a Une parallel to the^ 
3d radius, for the dh edlon of the 3d courfe, and upon 
it lay off the td diflance \ and fo on, through all the 
courfes and dillunccs. This done, d(;aw a line fioin 
the Cl Hire to tlic end of the lall diflance, wdilch will be 
the nliole dilLmcc made giiod, and it will cut the circle 
in .1 pv'int ihcwuig liic courfe made good, J^aflly, 
draw a line from the uul oi the Jafl diflance to the point 
icpr(.lc'iting the poit homid t(', and It will flicw thc- 
dillaucc and couife yet to he failed, to gain that poit. 

Ta ‘iLOrl Trav'rfi^ or to i'nnf u'r it ly ths Traverjg 
Vail; of Dif'iitncc (f l.ii,i:uT anJ 

Make a little tabht witli 6 columns ; llie ifl for the- 
courkp, the 2d foi the diflances, the 3d for (he north- 
ing* the 4th for the fouthing, the 5tlv for the calling, 
and tlic 6th for the welling ; full (.iiieiing the levciul 
tt)Uif(.3 and dillances, in lo many lines, in the ill ami 
?(l columns. Then, fioin the Travel fe table, takeout 
the quantity of the not things or fouthiugs, and eaflingl 
or wcflings, anfwciing to the feveral given courfes and 
diflances, entering them on their coi rtfponding lines, 
and in tlicpropei eolnmns of calling, weflmg, uoriliing, 
ai'.d fouthing. 'This done, add up into one fum the 
numbeis in each ol thefclall tour columns, which will 
give four fums flicwing Jlie whole (juantity ot tailing, 
welling, noiihing, and foiilhing made good ; then take 
the diflerence bcivacn the whole calling and welling, 
and alfo between the northing and fouthing,^ fo (lull 
tlu fo Ihewthc fpaecs made j’ood lu thele tw'o directions, 
viz, call or well, and noiilr or loulh ; w’hlch being 
cr>ntpared witli ihe given dllFeiencc of latitude and dc- 
paiturc, will fliew thole yet to Iw made good in failing 
to the defired port, and thence the couife and diflance 
to it. 

Ex'nfnpk. A flilp fiom tiie latitude sfl® 3’' nojtli, 
bound to a poit d I (lain 100 miles, and bearing Ntl by 
N, has lun the following courfes and diflances, viz, ill, 
NWby Ndifl. 2oniacs; 2d, 8\V 40 miles; 3d, NlCby 
R 60 miles ; 4th, SE 5 J nnUbj 51I1, W by b 4 * 
bill, IjINE 66 link b. Rt’tjinrcd her pieJciit J.ifitiid<’, 
with the diic<5l co rfe itnd dilUnta made go^vd, and 
ihofe for tlw poU bound to. 

t he nu'uljei s Ihh/'^ lakcii ()ut of the liavcife table, 
and tuteied oppolil-"tlie f< veral couiles autl dilUucta, 
ih- tablet will be as Uete folluAS i 
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illMlMtlM r«i«» oftfeh«rtMn^<!!Wf<WA^ng»,Wng1)0lli 
'?5'2* (hevi% thiit the ^^ip is coitt^to Ac Cim^ 
Jmiaflcl ofbtltttik fhe fet rnit'from, lAml Ac Al&renct 
between the fonts of the caftiog^ and weflin^a, fo^ws 
that the (hip h '/0’2 miles more to Ac eaft^ard, that 
bein^ the greater. Coafccjucntly the cCurfe made good 
h due eaft, and the diftapcc is 70*5 miles. 

But) by the Traverfe table, the nortliing and eafting 
to the pro|)ofe<i courfe Nil by N, and diftance 100, 
mrf -thus, via, northing 83'! and eafting 55*6 
difF. from made good o and catling 70*2 

give » - northing 83*1 and wetling 14*6 

yet to be made good to arrive at the intended |)ort ; and 
therefore, hy finding thefe in the Traverfe taWc, an- 
fwering to them are the intended conrtc and ditlance, 
viz, diftance 85, and courfe N lO® W. 

The geometilcal conftrQ^lion, according to the me- 
Aod before deferibed, giv^s the fi^re ai below : where 
A Is the port fei out from, B is the port bound to. 



C is the place come to, by falling the feveral courfes and 
dlftanccs A^j, ic, cJ, and eQ ; then CB is the 
diftance to be failed to arrive at the port B, and its 
courfe, pr direaiim with the meridian, is nearly 10®, 
or the angle ACB, made with the eaft-and*weft line, 
ttcarly %o^.^Note^ the radii from the centre to the 
feveral points in the circumference, are omitted, to 
prevent a confufion in the figure. 

* TaAVER8E-J?air^/, in a ihip, a fmsll round board, 

X hanging up in the ftecrage, and pierced full of holes in 
lines (hewing the points of the compafs : upon which, 
by moving a fmall peg from hole to hole, the ftcerfman 
keeps an account how many glafies, that is half hours, 
the (hip fteers any point. 

TRAViRSE- 7 tf 3 /ir, in Navigation, is the fame with 
a table of difference of latitude and departure ; being 
the difference of latitude and departure ready calculated 
to every point, half point, quarter point, degree, &c, 
of the quadrant } and for every diftance, up to 50 or 
loo or 120, &c. Though it may ferve for any greater 
diftance whatever, by adding two or more together j 
or by taking their halves, thirds, fourths, &c, and 
then doubling, tripling, quadrupling, &C, the difference 
^f latitude and departure found to thoiie parts of the 
diftaftce. 


This is ot»e of the^c^ htceftbry WnA ufeful 
things a navigafor has ocwfton'fon ifot* % ili^‘can 
reaimy reduce alf his^coiurfes axd difta^^ run in the 
fpace of 2-4 hoUfS, intown5“coorfc a®d diftance;' whence 
he finds the latitude he 'rein, a^d departure from 
the meridian. 

One of the beft tables of this kind is in Robertfon^s 
Navigation, at the end of book 7, vol, 1. Tlic dlf- 
tances arc there carried to 120, for the fake of more 
cafy fubdivifions ; and it is divided into two parts ; the 
firft containing the courfes for evety quarter point of 
the compafs, and the 2d adapted to every 1 5', or quar- 
ter of a degree, in the quadiant. See Traverse 
Sailing, 

A ipecimen of fuch a Traverfe Table is tlic following, 
othervvife called a Table of DilFcrcncc of Latitude and 
Departure. The diftanecs arc plated at top and bot- 
tom of Ae columns, from i to 10 ; but may be extended 
to any quantity by multiplying the parts, and taking 
out at feveral times. The courfes, or angles of a right- 
angled triangle, are in a column, on both fides, each 
in two parts, the one containing the even points and 
quarter points, and the otlicr whole degrees, as (ar as 
to 45°, or half the quadrant, on the left-hand fide, 
and the other half quadrant, from 4s® to 90°, returned 
upwards from bottom to top on the right-hand fide. 
The correfponding Difference of Latitude and De- 
parture arc in two columns, below or above the diftances, 
viz, below them wlven the courfe or angle is within 
45®, or found on the left-hand fide; but above them 
when between 45 and 9^®, or found on the right-hand 
fide. 

The fame table ferves alfo to work all cafes of nght- 
anglcd triangles, for any other purpofes. For ex- 
ample, Suppofea given courfe be 15®, and dlllauce 35 
miles, to find the correfponding difference of latitude 
and the departure; Or, in a right-angled tilanglc, 
given Ac hypoienufc 35, and one angle 15®, to find 
the two legs. 

sHcrc, the diftance 3 in the tabic muft be accounted 
30, moving the decimal point propoitlonally or one 
place in the other numbers ; ana thofe numbers taken 
out at twice, viz, once from the columns under 3 for the 
30, and the other from the columns under the diftsnet 
5* Thus, on the line of 15®, and under the 

Dift, Lai, Dep^ 

30 arc’ 28*978 and 7*7^5 

j arc 4*830 and 1*294 

thcref.for35 arc 33*808 and 9*059 

So that the other t,wo legs of the triangle arc 33*808 
and 9*059.— If courfe had been 75®, or the com- 

plement of the fortacr, which is only the other ang 
of the fame triangfc, and which is found on the lam ^ 
line of the table, but on the right-hand ‘ ' 

then the lumbers in the columns will be the lam 
before, and will give the fame foms for the two 
the triangle, only ydth the contrary names, as to ^ 
wde and Departure, which fchabgc places. 
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•TR 3 ^BL^* .itt Alufic, ,th^ higheft or a^uteft of tlic 
four partJj i,n fycnpiionyt or that which is heard the 
dearetl and fhrillejl in a concert. In the like fcafe 
we fay, a Treble violin, Treble hautboy, kc. 

In vocal mufio, the Treble is ufunlly committed to 
boys and girls ; their proper part being the Treble. 

The Treblfe is divided into firft or highe!l 'Frchle, 
and fccond or bafs Treble* The half Treble is the 
fame with the counter-tenor. 

TRl'-NCHES, in Fortification, arc ditdie'; wlilch 
the befiegers cut to approach more fccurdy to the 
plaee attacked ; whence they are called Ihhs of approach, 
'I’lieir breadth is 8 or 10 feet, and depth 6 or 7. 

They faV, mount the TreiTches^ that is, go upon duty 
in them. To relieve the Treruhe^i is to relieve iudi as 
hive been upon duty there. 'I'lie enemy is fiid to have 
tkareii tbs TrenebeSy when he has driven away or killed 
the foldiers who guarded them. 

Tall of the Trf.nch, is tilt place where it w'as begun. 
And the Head is the place where it ends. 

Oprmnn of //je Trenches, is when the bellegers firft 
begin to work upon them, or to make them ; \vliiv.li 
is ufually done in the night. 

TREPIDATION, in the Ancient Aftionomy, 
denotes what they call a libratlon of the 8th fphere ; 
or a motion which the Ftolonuic fyllem attributed to 
the firmament, to* account for certain almoll infenfjhie 
changes and motions obferved in the axis of the world ; 
by means of which the latitudes of the fixed (lars come 
to be gradually changed, and the ecliptic fiicms to 
appioach reciprocally, firll towards one pole, then 
tow aids tlie other. 

This motion is alfo called the motion of the JbJ 
hhratitfu , 

TRET, in Commerce, is an allowance made for 
the w^afte, or the duR, that may be mixed with any 
commodity ; which Is always 4 pounds on every 104 
pounds weight* Sec Tare. 

TRIANGLE, in Geometry, a figure bounded or 
contained by three lines or Tides, and which confe- 
(juently has three angles, from whence the figure takes 
its name. 

Triangles are cither plane or fpherical or curvilinear. 
Plane w’hen the thret Tides of the Triangle are light 
Ime^ ; but fpherical when fome or all of them ate arcs 
of great circles on the fphere. 

Plane Triangles take fevcral denominations, both 
from the relation of thefr angles, and of their fidcs, as 
below. And ill: with regard to the fides. 



An Equilateral Triangle % is that which has all its 
three Tides equal to one another ; as A. 

An Ifofctlc^ or Equicrural Triang^ff is that which has 
tw o Tides equal j a> B. 

A Scalme Triangle has its Gdes unequal ; as C. 


Again, with refpcifl to the Angles. 



A Rectangular or RIfl-nnfed Trian^^ky h that 
which has one right angle ; as D. 

An O'Jiqne Trun.^b istliat wiiieh has no light angle, 
but all oblique one ! ; ih E or F. 

An Jiutan^u/ar or Ovya^.ne Triin fey is that which 
bar. thiee acute angles ; as I’h 

An O'i'tifanj^iiLr ov /t. rdf '’lone Ttiangley is that W'hich 
has an ohiuK' angle; as F, 

A (Im ‘vdatenr or Cth-v'iineid Trlan^iey is one that 
has all its three lides curve lines. 

A M'\lilin;ar ‘J'rian^/r is one that has its Tides Tome 
of them curvt.s, and fivine right liu< s. 

A dpberLa! Trm/j'fc is one that has its; fides, or at 
lead lomc of tliem, arcs of great circles ot the fplierc, 

S indat aie Im h ai have llv‘ nuglis in the 

one rqiial to the anghsiu the olhcr, ejeh to i..u-h. 

'Phe li fe of a ') ihingle, ii any iide 011 winch a per- 
pendiculai is diawu from the oppofice angle, r'tdle.l the 
vrrttK ; and the tw'o li ks aliouL the perpendicular, or 
the vertex, are called the /egj. 

The Chief Pr>.f>(ri Its of P Line T/uinghsy are as follow, 
vl/, In any plane Tiianglc, 

1. The gieatcll fide is oppolitc to the grent<dl angle, 
and tlie Icdtl lidc to tlie Icall angle, kc. AH’o, if two 
Tides he equal, their oppolile angles arc ctju.il ; and if 
tlieTiiangle be equilateral, or have all ua lides equal, 
it will alfi) be equiangular, or have all iu angles equal 
to one another. 

2. Any fide of a Tiiangle is lefs than tlic fum, hut 
greater than the dilforence, oTilie other two lides. 

The Turn of all the lliree angles, taken together, 
is cqinl to two right angles. 

If one fide of a 'Priangle be produced out, the 
cxletiuil angle, made by it and the a^ljaccnt fide, is 
equal to the fum of the iwiioppofite intci‘ii.'d angles. 

A line drawn pai.illel to one* Tide of a Piianglc, 
cuts the other two lides (iropot l ionallv, tl c eorrefpoiul- 
ing fogments licing ptopori 'otjal, each to each, and to 
the whole Tides I and the i'ridrigle cut olf is iJinilar to 
the w'hole Triangle. 

If a pci’penditular be la fall from any angh* of a 
Tii.v’gle, as a vertical angle, upon the oppoliie* fide at 
a bale ; then 

6. i'lic rcAangle f>f the fum and clifFciencc of tlie 
Tides, is equal to twice the rei'tanglc of the hale and the 
dilfancc of tfie perpendicular fiom the middle oT the 
bul'e. — Or, whicli is the fame thing in other words, 

7. The dilFcrcnce of tiic fquares of the fules, is 
equal to the dilTereuce of the fqnaics of the Tegments 
of the bafe. Or, as the bafe is to the fnm of the Tides, 

To is ilie difference of the fides, to the difference of thd 
fegmeiits of the bafe. 

8. The rectangle of the legs or TkJcs, is equal to the 
re<5laiiglc of the perpendicular and the diameter of tlic 
circmnTctibing circle. 

If a line be drawn bifeding any angle, to the bafe 
or oppofitc fide ; thc;i| 

g.Tk' 



Tr'KX r 


0. The fegmettta of bi^y %f tli| M^e bl- 

fcaing the oppolite angle, are proportional to the Tides 
adjacent to tnem. 

10. The fquarc of the line bifefling the angle, is 
equal to the difference between the redangle of the 
fides and the redlanglc of the fegments of the bafe. 

If a line be drawn from any angle to the middle of 
the oppofitc fide, or bifeding the bafe } then 

1 1. The fum of the fquarea of the fides, ia equal to 
twice the fum of the fquarcs of half the bafe and the 
line bife< 51 ing the bafe. ‘ 

I a. The an^le made by the perpendicalar from any 
ingle and the line drawn from the fame angle to the 
middle of the bafe, ia equal to half the difference of the 
angles at the baft. 

13. If through any point D, within a Triangle 
ABC, three lines KF, GH, IK, be drawn parallel to 
th^ three Tides of the Triangle ; the continual ptodudls 
or folids made by the alternate fegments of thefc lines 
will be equal ; 

DE X DK X DH = DG X DF X DL 


b B p> 



14. If three linea AL, BM, CN, be drawn from 
the three angles thiough any point D within a Triangle, 
to the oppofue Tides ; the f^id ptxidu^s of the akeriiate 
fegments of the fides are equal ; viz, 

AN X BL X CM = AM X CL X BN, (id fig. 
above). 

1 5, Three lines drawn from the three angles of a 
Triangle to bifed the oppofite Tides, or to the middle 
of the oppofite Tides, do all interCed one another in the 
fame point D, and that point is the centre of gravity 
of the Triangle, and the di fiance AD of that point 
from any angle as D, is equal to double the diftance 
DC from the oppolite fide ; or one fegihcnt of any 
of ihcfc lines is double the other fegment ; moreover 
the fum of the fquurts of the three bifedfing lines, is 
^ of the fum of the fqiiarts of the three Tides of the 
Triangle. 

16. Three perpendiculars hifeding the three fides 
of a Triangle, all inteiied in one point,* and that 
point is the centre of the circumferibing circle. 

17, Three lines bifeding the three angles of a Tri- 
angle, all inteii'cd in one point, ami that point is the 
centre of the inferibed circle. 

48. Three perpendiculars drawn from the three an- 
gles of a Triangle, upon the oppofite Tides, all interfed 
in one point. 

19. If the three angles of a Triangle be bifeded by 
the lines AD, BD, CD (3d fig. above), and anyone 
IS BD be continued to the oppofite fide at O, and DF be 
drown perjs to that fide j then it 
ZADOw /.CDP,or iiAI>?» 4CIX>. 

ao. Any Triangle may have a circk circumreribed 
»b*ut it, or touching all its anglea, tnitclrckmferibcd 
withiD or touching all its fidus* 


It. The(^u|w«f tlw<M«*f«ii8^ua»iml'rri«,»i, 
U «q«a| Jo 3 riaxi the fquere of the ndiu, of jts cit.’ 
cunaferibing circle* 

If the three angles of one Triangle be equal to 
the' three angles of another Triangle, each to each • 
then thofe two Triangles are fimUar, and their hke 
Tides are proportional to on« another, and the areas of 
the two Triangles arc to each other as the fquares of 
their like Tides. 

23. If two Triangles have any three parts of the 
one (except the three angles), equal to three corre. 
(pouding parts of the other, each to each ; thofe two 
Triangles are not only fimiW, but alfo identical, or 
having all their fix correlpondtng parts equal, and their 
areas equal. 

24. Triangles (landing upon the fame bafe, and 
betw'cen the fame parallels, are equal j and Triangle;^ 
upon equal bafes, and having equal altitudes, are equal. 

2 5. Triangles on equal bafes, are to one another their 
altitudes; and Triangles of equal altitudes, arc to one 
another as their bafes ; alfo equal Triangles have their 
bafes and altitudes reciprocally proportional. 

26. Any Triangle is equal to half its circumferibing 
parallelogram, or half the parallelogram on the fame or 
an equal bafe, and of the fame or equal altitude. 

27. Therefore the area of any Triangle is finiiid, by 
multiplying the bafe by the altitude, and taking half 
the product. 

28. The area is alfo found thus ; Multiply any tsvo 
fides together, and multiply the produ<‘f by ihe line of 
their included angle, to radius i, and divided by 2. 

29. The area IS alfo othei*wife found thus, when the 
three fides ai^ given ; Add the three fides together, 
and take half their fum ; then from this half fum fub- 
trad each fide revcrally, and multiply the thrte re- 
mainders and the half fum continually together; then 
the Tquare root of the lall produd vriil be the area of 
the Triangle. 

30. In a right-angled Triangle, if a perpendicular 
be let fall from the riglvt angle upon the hypothenufe, 
it will divide it into two other Triangles funilar to one 
another, and to the whole Triangle. 

31. In a right-augltd Triangle, tlie fquarc of the 
hypothenufe is equal to the fum of the fquares of the 
two Tides i and, in general, any figure dcfcribcd upon 
the hypothenufe, is equal to the fum of two fiiUilar 
figures dcfcribcd upon the two Tides. 

32. In anifofceles Triangle, if a line he drawn fiot^ 
the vertex to any point in the bafe ; the fquare of that 
line together with the redangle of the fegments of the 
bafe, is equal to the fquare of the fide. 

33. If one angle of a Triangle be equal to no'’,* 
the fquare of the bafe will be equal to the fquaicsof 
both the fides, together with the redangic of thole 
fides j and if thofe Tides be equal to each other, ihtn 
the fquare of the bafe will be equal to three times the 
fquare of one fide, or equal to 12 times the fquare 01 
the perpendicular from the angle upon the bafe. 

34. In the fame Triangle, vf^, having one angc 
equal to 120® ; the difference of the cubes of the ndes, 
about that angle, U equal to a folid contained by the 
difference of the Tides and the fquare of the bafe ; an 
the fum of the cubes. of the fides* k equal '' ' 
conttmed by the fum of thcfidciand the 

' between 
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he 

... - .. ;St. 

Vinct*rit Wit a folio Volume upon ‘rrianHcj;; 

there ait*' alfo fevcral* in his C^adratme of the 
circle. alio other properties under the article 

For the properties of fphcrlcal 'Fnaugle?, fee Sphe- 

iiCAL 

Soh/tion 6 f Triangles. See Trioonomf tr/. 

Triangle, in Agronomy, one of tiie 48 ancient 
conifellations,- fitnated in the northern hetuifpheie. 
There is alfo the Southern Trtavgle in the ioudiern he- 
mirphere, which is a modern condell.iti m. The flars 
in the Northern • Triangle are, in Pto 1 omy *8 caia- 
IccJ-ne *4, in- pycho^s 4, in Hevclins’s la, and in the 
Britlih catal6guc 16. 

The fthht'in the Southern Triangle are, in Sharp’s 
catalogne^ y. ■ 

Triangle, a kind of numeral Triangle, 
or Triangle of numbers, being a table of certain mim- 
hers difpofed in form of a Triangle. It was fo called 
hy Pafc%l ; b«it lie AVas not the inventor of this table, aa 
lome writers have irrtagined, its proj^cities having been 
titrated of by other authors, fortie cenrunes before 
him, as is fhewn in m‘y Mathematical Trad?, vol. i, 
p,i. 69 &c. 

The form of the Triangle is as follows : 


z 

1 


3 

3 

1 

4 

6 

4 

5 

10 

10 

6 

*5 

20 

7 

2 ( 


a 




I 

5 

&c 


And it is conftpuded by adding always the laft two 
mltnbcre.etf the next two preceding columns together, 
to give tV nckt fucceeding column of numbers. 

The firft Vertical column confdU of units ; the 2d a 
feries of •thSi' natural numbers 1, 2, 3, 4, c, &c j the 
3d a feries of Triangular numbers i, 3, b, 10, &c ; 
the 4th' a Tcries' of pyramidal numbers, &c. I lie 
oblique diogoial rows, defeendiug from left to right, 
arc alfb the fame as the Vertical columns. And the 
numbers taken on the hotizontal lints arc the co'Cm- 
clents of the different powci s of a binomial- Many 
other properties aiwi* ufes of thefe numbers have been 
delivered by various authors, as may be fecn in the In- 
trodudkm to my 75 > 

*57* kd edition*' ' ^ 

Afttr tACfe, dPafeal wrote a treat ifc on the Arithme- 
tical Triin^Cf ‘which is contained in the 5th volume 
®f his worka,'’pwbli(hed* at Paris and tlui Hague m 
* 779 > ih jf ^^lutnel, 8vb. , - 

In*h 4 f At^i^atibmis alfo adcfcnptioh, taken from 
the xft volume .of the French Encyclopedic, art. 

of that admirable machine m* 

Vou, 2. * 


vetfted by Tjfca! at thef of 19, furnlihirg zr\ cafy 
and expeditious method or making all lort.s of an'ih- 
metical calculations without any other afliftanec th.m 
the eye and the hand. 

TRIANGULAR, relating to a J^iangle ; as 

Iriancular I tables rtiaiing to trigonome- 
try ; as of tangcnlP, iecants, ^;:c. 

Triangular CuiK/^Jfis^ nre fuch ai. have three legs 
or feet, by v^hich any triangle, or thiec points, may be 
taken off at once. '’I'lu fc are very ufeful in the con- 
iliudiun of maps, globes, &c. 

Triangular Numljcrs, arc a kind uf polyg<\nal 
nnmbList Ixing the fuma of aritlimetical progreluons, 
which have 1 for the common ddfeicnee of their 
terms. 

Tliur, ftom thcTe arithmellcals 123456, 
are formed the Tiiang. Kumb. 1 3 6 10 15 21, 

or the 3d column of the aiithmciiwl triangle above- - 
mentioned. 

The lum of any number n of the terms of the Ti Ian- % 
gular numbers, 1, 3, 6, jO, &:c, Is t=: 

rr’ n» H n « -p l rr |- 2 

+ — + — , or - X X " - 

6231 2 i 

which is alfo equal to the i. umber of fliot in a tilaugu- 
arpile of balls, the number of lows, or the mnnber in 
each fide of the bafe, being rt. 

The fum of the reciprocals of the Triangular feries, 
infinitely continued, is equal to 2 ; vi/, 

* + 3 ' ■f’* y tV “h t’f ^ 

. For tlie rationale and management of thefe numbert, 
fee Malcolm’s Arith. book 5, ch. 2^ and bimpfon’s 
Algcb. fee. 15. 

TaiAMduLAR ^/nJrnnty is a fc£lor furnimed with 
a looie piece, by wliicli It f^orma an eqnibicral triangle. 
Upon it is graduated and marked tile cah-ndar, witJi 
the fun^ place, and other ufeful lines t and by the help 
of a firing and a plummet, with the divihons gradu- 
oted on the looie piece, it may be made to ferve ior 
a quadrant. 

TKIBOMKTER, in Mcclmnics, a term applied hy 
MufTchenbrofk to an inllriimcnt invmtcd by him for 
meafnring the frifliori of metals. It conlilU of an 
axis formed of hard Heel, palling thiough a cylindrical 
pieec of wood : the ends ot the axis, whirh aie highly 
poldhcd, are nnde to refi on tlu polilhed hinieii- 
oular chec ks of various metals, and llie degree of fric- 
tion is rliimatcd by means ol a weight iulptiidcd by a 
fine filken firing or ribband ovtr tlie wooden c) liuder. 
For a farther defeription and the figure of this infiru- 
ment, with the refults of various experiments perfoVm- 
cd with it, fee Mulfchtub, Inirod.ad Fhil* Nat* voi. t, 

^ TRIDENT, ia a pariiculav kind of parabola, ufed 
by Dclcartesin confiiuCliug equations ol 6 dimcftfwns. 

Seethe iiticlc Farauola, 

TRIGLYFH, in Arclnuaure, is a member ofthc 
Doric Frixe, placed direaiy ovor each coluifili^ and 
at equal difiances in the intereoiumnatioo, iiaving twQ 
entire gh^haor chandds engraven' io it, meethigriB an 
mnglo,, and feparaud by three legs frewi lb« twodemi- 

, .TMGON, 
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TRTGON» a figure of three aisles, or a triangle. 

Tp. ICON, in A Urology. fSce Trip Lie irir. 

Tricon*, in AUronomy, denotes an afped of two 
planets when they are 1 20 degrees “dlUant from each 
other; called alio a Trine, being the 3d part of 360 
degrees. — The Trigons of IVfara and Saturn are 
by aUrologcrii held malific or malignant afpcfls. 

Tbicon, in Dialling, is an Iiillrument pf a triangu- 
bir form, 

*rf;iG()N, In Miific, denoted a mufical inftniment, 
uftd arnoTi'j the ancients. It was a kind of triangular 
lyre, or harp, invented by Ibycua; and was ufed at 
fi'ailfl, being played on by women, who ftruck it either 
^^itll a quill, or beat It with finall rods of different 
lengths and weights, to occalion a diverfity in the 
ioiind:^. 

TRIGONAL Numlmt Sec Triangular iV/iw- 

Inrsn 

mUGONOMETER Jhnvlhny. See Armillary 

TRIGONOME'PRY, the art of mcafuring the 
Tides and angles of triangles, either pl.ine or fphe- 
rical, from whence it is accordingly called either 
Plane Trigonometry, or Spheiical Trigonometry. 

Every triangle has 6 parts, 3 Tides, and 5 angles ; 
and It is neceffary that three of tlicfe parts be gi’.en, to 
find the other three. In rphcncalTiigonomctry, the 
three parts that arc given, may be of any kind, either 
all Tdea, or all angles, or part the one and pan the 
other. Blit in plane Trigonometry, it is neceUaiy 
that one of the three parts at lead be a fide, fincc 
from three angles can only be found the proportion^ 
of the Tides, but not the real quantities of them.^ 

Tn'gonometry is an art of the greatcfl ale in the 
mstheraatical fcienccs, efpccially in aflronomy, navi- 
gation, furveying, dialling, geography, &e, &c. By 
It, we come to know tile magnitude of the earth, the 
planets and flars, their diftances, motions, eclipfcs, 
and almoll all other ufeful arts and fcienccs. Accord- 
ingly we find this art has been cultivated from 
the carlicll ages of mathematical knowledge. 

Trigonometry, or the refolution of triangles, is 
founded on the mutual proportions which fubfifl be- 
tween the Tdes and angles of triangles ; which propor- 
tions arc known by finding tire relations between the 
radius of a circle and certain other lines drawn in and 
about the circle, called chonh^fnesy tangentSy fc- 
fatiis. The ancients Menelaus, Hipparchus, Ptolo- 
iny, 5 cc, performed their Trigonometry, by means of 
the chords. As to the lines, and the common theo- 
rems relating to them, they were rniroduccd into Tri* 
‘gonometry by the Moors or Arabians, from whom 
this art paffed into Europe, with feveral other branches 
of fcience. The Europeans have introduced, fince the 
J5th century, the tangents and fecants, withthethco- 
fcms relating to them. Sec the hillory and improve- 
ments at large, in the Introdu^on to my Mathemati- 
cal Tables. 

The proportion of the fines, taagents, 6tc, to tbtir 
fjvdiusv is Comet imes esepreffed in common or natural 
ftumbni, which conftitutc what we call the taiks 
natural Jinuy taaftntx, aad fecantu Someiiincs it » 
CJ^vciled in logarithms^ being ihe ilogirtthms of tkc 
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faid natural iineS) tangents^ and thefe confiitut^' 
the table of artificial Jiuesy &c. Lallly, fometimes' 
the proportion not cxprelfed in numbers j but tlie 
feveral fines, tangents, &c, arc adlually laid down upon 
lines of fcales ; whence the line of Jinesy of tan^entsy 
&c. See'ScALE. 

In Trigonometry, as angles are meafured by arcs 
of a circle defer ibed about the angular point, fo the 
whole circumference of the ciiclc is divided into a 
great number of parts, as 360 degrees, and each de- 
gree into 60 minutes, and each minute into 60 
Iccouds, kc ; and then any angle is faid to conlilf 
of fo many degrees, minutes and feconds, as aie 
contained in tlic arc that meafurcs the angle, or that 19 
intercepted between the legs or Tides of the angle. 

Now the line, tangent, and fecant, flee, of every 
degree and minute, &:c, of a quadrant, are calculated 
to the radius i, and ranged in tables for ufe ; as alfo 
the logarithms of the fame; forming the triangular 
canon. And thefe numbers, fo arranged In tabkb, 
form every fpecics of right-angled triangles, fo that no 
fuch triangle can be propofed, but one* fimilar to it 
may be there found, by coinpaiifon with whieli, the 
propofed one may be computed by analogy or propor^ 
tioii. 

As to the fcales of chords, fines, tangents, fl.c, 
ufually placed on infiruments, the method of con- 
llrudirig them is exhibited in the fcheine annexed to 
the article Scale ; which, having the names added to 
each, needs no farther explanation. 

There are ufually three methods of refolving tri- 
angles, or the cafes of Trigonometry ; vi/, geoinctii- 
cal confiriiftion, arithmetical computation, and inftiu- 
mental operation. In the 1 II method, the triungle in 
queflion is conllruflcd by drawing and laying down tlx: 
feveral parts of their magnitudes given, vi/, tlie lidtb 
from a fcale of equal part?, and the angles fioin a fcale 
of chords, or other inlhument ; then the unknown 
parts arc meafured by the fame fcales, and fo they be- 
come known. 

In the 2d method, having Hated the terms of thr: 
.proportioh according to rule, which terms confili put- 
ly of the numbers of the given fide?, and paitly of the 
fines, flee, of angles taken fiom the tables, the propor- 
tion is then rcfolved like all other proportions, in which 
a 4th term is to be found from three gl^cn terms, hv 
multiplying the id and 3d together, and dividing ibf 
product by the firlE Or, in working with ilie 
rithms, adding the log. of the id and.3ti terms togeilmi , 
and from the fum fubtrafting the log. of the ift term, 
then the number aufwering to the remainder is th** 
4th term fought. 

To work a cafe inftrumentally, as fuppofe by 
log. lines 00 one fide of the two-foot fcales : Exttiu. 
the compalTes from' the ift term to the 2d, or 
which happens to be of the (kme kind with it ; tbvo 
that extent will reach from the other term to tiw; 4t‘|‘ 
In this operation, for the Tides of .triangles, is 
tlie line of numbers (marked Num.); and for 
angles, the line of fines or t^.gente (matked fin* 
lan.i) according as the proportion refpeds fio^s or tail' 

In ctcry .crfe,of triingki, hw been hinted 
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tWpnrt*, orw at Icaft of «4\ich mirft be 
fiBe. And then the different circumftances, as to 
the three parts that maybe given, admit of three cafes 
or vatietJCS only ; vfe, 

irt/ When two of the thixe .parts given, arc a fide and 
us oppofite angle. — ad, When thtie aie given two tides 
and their contained angle.-~3d, And thirdly, when the 
three tides are givcir. 

To e^h of thefe cafes there is a particular rule, or 
proportion, adapted, for refolving it by. 

ift. The Rule for the \J Cafe, or that in which, of 
the three parts that are given, an angle and its oppo 
tite tide are two of them, is this, viz, That the 
Tides arc proportional to the fines of their oppofiie 
ungled, 

That js, 

As One fide given i 

To the fine of its oppofitc angle : t 
So is another tide given 
To the fine of Its oppofitc angle. 

Or, 

As the tine of an angle given : 

To its oppofitc fide ; ; 

So is the fine of another angle given ; 

To its oppofitc fide* 

So that,-<o find an angle, we muft begin the pro*- 
’portion with a given fide that is oppofitc to a given 
angle ; and to find a fide, we muft begin witS an 
angle oppofitc to a given fide. 

iTv. Suppofc, in the triangle ABC, therc be given 

AB ^ 36 j fcet> 

Ic = 

to find the other fide, 
and the angles. 

-I. Geometrically by Oonjlrudioti, 

Draw AC =: 154*3^ from a fcale of equal parts: 
Make the angle C ~ 9a® 3 producing CB indefinitely ; 
With centre A, and radius 365 feet, crofs CB in B ; 
Then join AB, and the figure is conflruded. 

I hen, by meafuring the unknown angles and fide, 
the former by tlie line of cords or otherwife, and the 
fide by the line of equal parts, tlrey will he found, 

^8 tiear as they can be mcafured, as below, viz, 

BC = 3105 the iLA 5= 57®^ ; and Z.B 



Then, again, 

As tin. jLQ 

ToAB . 

bo fill, 


oS® 3' • log. 9*9956993 
3^5 - V - 2*5621919 

Sfii* • .9*9245721 


ToBC . 1= 309*.S6 . - 2*4911657 


I** JnJliMKientally, by Gunter*: Lines, 

In the Hill proportion, Extend the compaffes from 
36514) 154I on the line of numbers; and that extent 
will reaeli, ujion the line of tinea, tiom to 24-‘, 
which give., the angle B. And, in tlie fecoml pi opoi - 
lion. Extend fiom 98‘^ -o 5'*; on the tines; and that 
extent will itacli, upon the nuirbtis, from to tie* 
or the tide BC ucaTly, 

1(1 Ctif . when tltcre .'no Given two Sidc't and theif 
comaiiKd angle, to liml llu tell, the lulc is this; 

As the fuin of the two v oeli tides c 
Is to the diftoKneo of the tides: : 
bo is the tang, of halt llic film of the two oijpo- 
file angh>, 01 cotangent of half the given angle : 
To taiig. of half the diH. of tlioft luigles. 

Then the lialf dilf. added to the half finn, gives the 
greater of tlie two unknown angles; and I'ubtiadted, 
leaves the kf« of the two angles. 

Hence, tlie angles being now all known, tlic remain- 
ing 3d fide will be found by the former cafe* 

Ex. Suppofe, in the triangle ABC, iheie be given 
the fide AC = 154*33 ** 

the fide BC 309*86 

the included Z.C == 98"^ 3^ 

to find the other fide and the angles. 

I, Geometficcklly,'—‘X)xx>fs two indc'finttc lines making 
the angle C = 98° 3': upon thefe lines fet off 
CA = 1 54I , snd CB =; 3 10 : Join the points A and 
B, and the figure is made. Then, l;y meafurement, 
as before, wc find the 

2IA ac 57i ; jLB 24I ; and fide AB ~ jfiy. 

2, By Logarithms, 

AsCB + CA r= 464* (9 - log. 2*666695$ 
To CB — CA cn 135*53 - • 2 1918142 

So tan. *A + iB ~ 40" - - 9 * 9 .S^;^ >3 

To tan. [A«^iB=ri 6 13 1-- • 9*463^9^7 


fuin gives vC A 57 12 

din* gives .^15 2+ 4 r 


jlrhhmdlcallyy by Tahirs of Loi^s. 

- =s 365 - . log. 2-5612929 

Jo AC . =t: 154*33 - - 2*1884504 

Botin. iiC ±: 9$° 3' or 8 57^ 9’99 5^^993 

To tin. it Bit: 24^45'' - .. 9*6218568 

the Turn • 12^48 

'■kenfrom iSo 00 


57 


Then, 

As fin. Z.B rr: 45' - log. 9*6218612 

To fide AC— J54*33 ' 2*1884504 

So fin. Z.C — 98 ’ 3', or8i^57 9*9956993 

To fide AB r:: 365 - - 2*5622885 


3. ItifrumenMlly: — E^trtid the- compaifes from 464 
*to 155 J- upon the line of numbers; then that extent 
will reach, upon the line of tangenta^ from 41®. to 
Then, in the td proportion, exioffd tbcocaqs- 
paflcs from 24® J to 82® on the ftilcSi that extenf 
4 K 2 will 
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vill reach, upon the numbers, from ^54! to 365, which 
is the third fide. 

3d Cdfef 13 when the three fides are given, to find 
the three angleu; and the method of refolving this cafe 
is, to let a perpendicular fall from the grcaleli angle, 
upon the oppolite fide or hafe, dividing it into two 
fegrnents, and tlie whole triangle into two fmallcr right- 
angled tiiangks; then it will be, • 

As the bafe, or fum of the two fegments : 

Xs to the film of the other two fides : ; 

So is the (lifrereru'C of thofe fidcs : 

To the diHlicnec of the f'','menl8 of the bafe. 

Then half this diflerence of the tvro fegments added 
to the half fiim, or half the bafe, givis the greater 
fegments, and (nbtraCted, gives the kfs. licnee, in 
eaeli of the tvw liglt-.inglecl triangles, there aic 
given the hypotenufe, and the bafe, Ixfid.-s the 
right angle, to fiud the other angles by the id 
cafe. 

E\\ In the trangle ABC, fuppofe there are gi\en 
Uic three fidcs, to find the three angles, viz, 

AB = 365 \ 

AC zz 154*33 > to find the angles. 

BC = 309*80 J 

T. Gfomclricnlly * — Draw the bafe AB = 365 : with 
the radius 154^ and centre A deforlbe an aic; and 
With the radius 310 and centre B deferibe another arc', 
cutting the formei in C; then join AC and BC, and 
the triangle is eonllruded. And by raeafuring the 
angles, they are found, viz. 

Z.A = j /.B = 24*1 j /iC = 9S® neatly. 

2^ Arithmetualh . — Having let fall the perpendicular 
CP, dividing the bale into the two fegments AP, 
PB, and the given triangle ABC into the two right- 
angled tiiangles AC P, BCP, Then, 

As AB = 365 - - log. 2*5622929 

CB dy CA 7= 464*19 - - - 2*0666958 

So CB — CA r; 155-53 - . . 2*1918142 

To BP — PA 197*80 - - - 2*2962171 

its half = 98*90 — 

•JAB = 182*50 

fom BP = 281*40 
dif. AP = 83*60 


Then, in the triangle APCj right-angled at P, 

As AC =154*33 - - log. 2*1884504 

To fin, Z.P = 90® • « • - 10 0000000 

SoAP" r: 83*6 - - • 1*9222063 

To fin* ^ACP = 32® 48^ . • . 9*7337559 

it! comp. it. A = 570 12 


And in the triangle BPC, right-angled at P, 


AsBC 
To lin. Z.P 
So BP 

To fin. ^BCP 
its comp. Z.B 
Alfoto 4 ACP 
add 4 BCP 


: 309*86 - . 
: 90® 

= 281*4 

= 65* 15' . 

= H 45 
: 33 4ii 
3 (-5 15 


log- 1-491,655 

1 0 * 0000 '00 
2*4493241 

- 99581586 


makes 4ACB~98 3 


3. Injlnimcntnllj, — In the ift proportion, Extend 
the compafi'es fioin 365 to 464 on the line of number., 
and that extent will reach, on tlie fame line, from 
155 £ to r 9'7 ‘8 nearly.— Inthe 2d pioportlou, Extend 
the coinpafics from 154^ to 83*6 on the line of iinm- 
beis, and that extent will reach, on the fines, fiom 
90® to 32<’J nearly. — In the 3d pioportion, Extend the 
compafies from 310 to 28 ij on the line of mnnbeis; 
then that extent will leach, on the fines, from Qv^ 
to6 ;c«. 

1 he foregoing three cafes include all tlie vaiietlts of 
plane tiianglcs that can happen, both of right and 
oblique-angled triangles. But befide tlicfe, there arc 
fome other tlicorcms that are ufeful upon many orca- 
fions, or fuited to fotne particular formj of triangles, 
which are often more expeditious In ufe than the loic*- 
going general ones; one of which, for right angle 1 
triangles, as the cafe for which it ferves fo ofteu 
occurs, may be heie inferted, and is as follows. 

Cate 4. When, in a riglu-augled triangle, there me 
given the angles and one leg, to find the other leg, ov 
the hypothenufe. Then it will, 

As radius " : '■' 


To given leg AB ; : 
So tang, adjacent 4 A : 
To the opp. leg BC, and : : 
So fee. of fame 4 A : 
To hypot. AC 



Ex, In the triangle ABC, right-angled at B^ 


Given the leg AB = 162 | 
and the 4 A = 53® 7' 48" 
confeq. 4 C = 36 52 12 J 


to find BC 
and AC* 


1. Geometrically, ’--'Drzvr the leg AB = 162 : Ere A 
the indefinite perpendicular BC : Make the angle 
A = 53°{, and the fide AC will cut BC in C, and form 
the triangle ABC. Then, by meafuring, there willb« 
found AC = 270, and BC = 216. 

2. Arithmetically, 


As radius 

To AB 

So tan. 4 A 

=10 - ' . 

= 162 

= SJ* 7' 48* 

log* lO^OQOOOOO 

- 2*2095150 

10*1249372 

ToBC - 

= 216 

2 - 33445 « 

So fee, 4 A 

= ii* 7 ' 48 '*’-. 

. io' 22 i 3)77 

To AC . 

t 

« 

0 

r- 

II 

- 


- 

3. It\/lrmntiiti>^h' 
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InjtrumiHiaUy^'^'Zx^n^ihQ compafT-s from 4 c® at 
the end of the tangents (the Radius) to tlie tangent of 
;‘then that extent will reach, on the line of imm- 
btrs, from \6z to 216, for BC. Again, extend the 
cempafles from 52' to 90 on the lines; then that 
extent will reach, on the line of niuubLrs, from .162 to 
2 70 for AC. 

Nofc, another method, by making every fi-Jc ladius 
1*8 often added by the 
on Trigonomttry, which is 
thirs; d'lie ^iven right-angled / 

in.mglc being ABC, make ly/ 

lit it the hypotenufe AC radius, / • 

that is, with the extent of AC 
as a radius, and each of the / ■ 

centres A and C, deferibe arcs A~ ’ — ^ r> f) 

CD and AE ; then it is evi- ' ^ 

dent that each leg will repre- 

fent the fiiie of its oppofite angle, viz, the leg BC the 
f'iio of thoarc CD or of the angle A, and tlielcg AB 
the fine of the arc AE or of the angle C. Ag.iin, 
making either leg radius, the other leg will repieknt 
the tangent of its oppofite angle, and the hypotenule 
tlie fccant of the fame angle; thus, v\itU radius AB 
and centre A deferibing the arc BF, BC rcprcfuits the 
laiigciit of that arc, or of the angle A, and the hypo- 
tenufe AC the fccant of tlie fame ; or with the radius 
liC and centre C dcluiljing the arc BG, tlic other 
leg AR is the tangent of that arc B(}, or of the 
•mgle C, and the hypotenule CA the fccant of tlie 
lame. 


2. in any right-angled triangle, 

As radius 

To fine of one fide .* . 

So tang, of the adjici’ni ; 

do tang. ()| tlic oppofite fide. 

Thcir, 3. Ifa pti pcndieui M hu let fall fiijm a ly angl 
upon the bale or oppofite fide of alphciieal lii.iimir 

It will be, 

A, the line of the fiim of the two fidvS 
lo the line of ihcir diirorcuot- ; . 

So cotan. j luiu anpK * at the vertex : 

To tang, of half thu'i ddUunc!. 

1 h.or, 4. 

As tang, half fum of the fidcs ; 

lo tang, halt then diltu'cote ; ; 

S ) laiig. J film ZLs at the Ivde : 

lo tang, halt their dillerence. 

Tbior. 5. 

As cotan. \ fum of Z.s at the bafo 
I o tang h;df iluir dilli lence : ; 

So ta.ig. J- fum ot As ,it the vertex : 

lotrng. halt theii dilfercnce. 

7" bear, 6. 

As tang, h fum fegments of hifc 
d o tang, h.iT lum of the (ides ; : 

So tang, tialf ddleicnec of the lides : 

To tang. I dill, fcgtncnts of bale. 

Tbcoi\ 7, 


And then the general rule for all tliefe enfts is ihi.s, 
V,/., that the Tides bear to taeh other the tame pro- 
j^nitions as the parts or things wliicli they repic- 
i^nt. And this ii called making cVery fide radius. 

Spherical Trigonometry, ts the refolntion and cal- 
culation of the tides and angles of fpherical irianghus, 
which are made by three interfediing ares of great 
circles on a fphere. Here, any three of the iix paits 
being given, even the three angles, the refl can he touiul ; 
and tiic Tides are meafured or ertimated by degrees, mi- 
nutes, and fcconds, as well as the angles. 

Spherical Trigonometry is divided into right-angled 
and oblique-angled, or the refolution of light and 
o!)hque-angled fpherical triangles. When the fphe- 
rical triangle has a right angle, it is called a right-angled 
in'angle, as well as in plane triangles; and when a tri- 
angle has one of its Tides equal to a quadrant of a 
tilde, it is called, a quadranlal triangle. 

For the refolution of fpherical Triangles, theic arc 
various theorems and proportions, which are fimilar lo 
ihoTe in plane Trigonometry, by fiibllituting the fines 
of fides inftead of the fidcs themfelve.s, when the pro- 
portion refpe^ls fines ; or tangents of the fides for the 
fides, when the proportion refpefts tangents, &e ; 
fomc of the principal of which theorems are as fol- 
low : 

Theory I. In any fpherical triangle, the fines of 
the Tides arc proportional to the fines of their oppo- 
fcte angl^ 


As fin. fum of As at the hafe : 

'Fo fine of their liiUVrencc ; ; 

So tang, 5 fum figments of bafe ; 

To tang, of half their dificrcncc. 
rheor, 8 . 

As fin. film of fegments of bafe 
To line of their dilfert ncc : : 

So fin. fum of angles at the vertex : 

To fine of tlieir difi'trciicc. 

Theor, 9. 

As line of the bafe : 

'Fo line of the vertical angle ; C 

So fin. of (h’lf. fcgmcrits or the bafe ; 

To lin. di/1. As at veitcx, U'hc!i the peip. 

falls within : : 

Or fo lin. fum fcgmciUs of bafe : 

To fin. film vertical As, where the perp. 
falls without. 

7 hi or, 10 . 

As cofin. half fum of the two Tides 

To cofine of half their diflFrencc : : 

So cotang, of half the included angle ; 

To tang, half fuin .ot oppofite angles. 

fhcor, II. 

As fin. of half fum of two Tides : 

To fine of half their difference- ; ; 

So cotang, half the included angle : 

To tang. * diff. of the oppof,. anglei, ^ 
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rkof. jt. ' ' . 

A.5 cf-iin. Ii-'iir fnm of two angk-s : 

'I'o cofine of h'^lf their dilFcrcm’c : : 

So tang, of lialf the included fide : 

To tang, f funi of the oppofue fides. 

Thcor. 13 . 

At) lin. half fam of two angles : 

'i'o fine of half ihtii diilertnee ; : 

So t.ing. half tlic included rid<l 
"IV) tang, i diif. of the oppofite (TJea. 

TL-or. 14. Jn a right-anglod triangle, " 

As fill, fum of h} pot. and one fide : 

To fin. of their ddrercnce : . 

So vadiu'5 fquared : 

To fquare of tang. T contained angle. 

Theor. I q. In any fpherical trlangh* ; 

'The produd: of the fines of two fides and (^f 'lhe 
.cofiuc of tlie included angle, added to the produd ot 
the cofines of thofe fides, is equal to the coline of the 
third lidc ; the radius being i. 

T/vo/'. 16. Tn any fpheiical 'tningfe; 

The produd of the fines of two angles and of the 
.coline of the included fide, minus the produd of the 
■ cofincs of thofe angles, is equal to the colinc of the 
.third^angle j the radius being. I. 

By fome or other of the fe theorems may all tlie cafes 
of fpherical triangles be refolvedjboth right-angled and 
'Oblique : viz, the cafes of right-angled triangles by 
the 1 11: and 2d' theorems, and the oblique triangles by 
fome of the other theorems. 

In treatifes on Tngonometry are to be found many 
other theorems, as well ai fynopfes or tables of all the 
cafes, with the theorem that is peculiar or proper 
to each. See the Introdudion to my Mathematical 
Tables, p. i jy &c ; or Robertfon’s Navigation, vol. i, 
-p. 162. See alfo Napier's Catholic or ifniverfal Rule, 
Jn this Didionary. 

To the foregoing Theorems may be added the fol- 
lowing fynoplis of rules for rcfolving all the cafes of 
.plane. alid fpherical triangles, under the title of 

Trigonometrical Rulet, 

f , In a right-lined triangle, whofe fides are A, B, 
and their oppofite angles f,'ha\ing given any 
ithrec of thelc, of which one is a fide j to find the reft. 



Cafe 1. When three fidet A, B, C, arc given. 
Put P 3= A + B -f C or femiperitneter. 


,P-A X P-B 
A k B • 


And 




,p>ep-c 


A X B ' 

L.s.i f = ^ (L P^ 4* L. P^B -f- L^A + LT). 
Lh. 4 ^ = 1 (L. P + L.'P^C + L'A + L^B). 
Note, When A = B, then 


X 

A 2 


And — ^‘■v/ 


A* 


Ciife 2, Given two fides A, B, and their iritliidcd 
angle r. 

A — B 

Put s = 90'' - and t. — - ■ X t. s , 

A -p xi 

then = s 4- and ^ = s — r/. And 




Or ill logarithim, putting 'L. Qj= zL. A - 15 , j' J 
L, R cr L. 2A 4 * L» 2B 4 - 2L. s. — 20, vr 


fijall have L. C =2 ^ L. R» 

If the angler be right, or ±s 90®; then 

A , B 

C = -^A, orirr-^B, or sc J -f 

s.fl %,b 

If A = B ; we fiiall have \ ^ _ s. 
a z=, b iz 90® — and j C — — • 


\b\ 

X 2A. 


Cafe 3. When a fide and its oppofite angle aic 
among the terms given. 

A B C ^ 

ihen ■ — - ~ — 7 = : from which equations any 

s. a s. y 9^ r 

term wanted may be found, 

^ When an angle, as a, is 90*, and A and C arc 
given, then 

B = C* ^aITc X 

And L. B = |(L. A 4- C 4- L, A - C). 
Note, When two tides A, B, and an angle a oppo* 
fite to one of them, are given ; if A be lefs than B» 
then b, r, C have each two valuea y odierwife, only one 
value^. 


II, In a fpherical triangle, whofe three fides are 
A, B, C, and their oppditc angles ay by c; any three 
of thefc fix terms being given, to find the refl. 


^ Put s for tlie fine, s' the cofioe, I the tangent, and 
t' the eotangent of an arch er angle, to the radius r 1 
alfo X* for a logariihmi and L' arithmetical compk* 
ment* Then 
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Cafe I. Given the three fidca A, B, C. 
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Calling 2P the penm, or P = ^ . A + B -p C. 


Then s.je = r */' 


s,P - A X s.P- B 


s.A X s .B 


And s' = r y/ 


s.P X s.P - C 
s.Axs.B • 


L.s = ^(I^.s.P— A + L.s.P — s-f-L‘s.A-|- L^s.B) 

L.'jV = •§ (L.S.P + L.s.P— C + L '8 A+L't.B). 
And the lame fur the other angles. 

Ca/e 2,' Given the three angles. 

Put 2^ = /T + ^ Then 


s,.lC 


s ^ X s /) - c 


s.a X 1.^ 


:'iC = r,/^ 


And 

“7 


S . X s . i 

T. .7j-C Ij. S — ^ l /b.B) 

And the fame for the other Ikies. 

The fign > figniiks greater than, and < lefs ; 
alio c/: ilie diilercncc. 

Crf 3. CJivcn A, B, and included angle c. 

To find an angle a oppofitc the fide A, • 
let r : sk ; : t. A ; t. M, like or unlike A, 
as c is > or <1 90® ; alfo N B c/^ Ms 
then s. N ; s, M : : t. r : t, <7^ like or unlike 
f as M is > or B. 

Or let s'^. AITB": s'^. A wlTT: t'i^ : t. AT, 
which is > or < 90^* as A + B is > or <1 

and s.A, A 4- B : s. A w B : ; t' Jjc ; t. N, > 90^ 
then a = M + N ; and ^ = M — N. 

Again let r : sV : ; t.A : t.M, like ojkunjikc A as r 
is > or •< 90° ; and N = B o: M. 

Then s' M : s' N : : s'A, C, like or unifke 
N as <• is > or << 90®. Or, 

, ^ s.A X s.B X 

s . i C sr ■ '■ A 00 B. 

In logarithms, put L. Q^= aL.s.AAoc B ; and 

X.. R =: L. s. A 4- L. s. B -h 2L. s. !y— 20 ; then 

L.s.iC = AL. 

4. Given a, and included fide C. 

^irfi, let r : s'C :: t. a : t'/77, like or unlike a as C is 

^ or <90®; alfo n b mm, UJ. Jn a right-angled fpheric triangle, where H if 

Tlien .'a : i : t. C - t. A, like or unlike n 7^,a is, 'I'*" kypolenufe, or Ink oppoliti the rl/rht angle, B, 

. * ^ P P the other two udes, atici b, p iheir oppofitc auglcf ; 

^ ' any two of tbffe five terms being given, to find the 

kX ^b \ : t.^C ; t. M, > or < ; the cafef, with their folttUont, arc ai' in the 

.90' M « + if > or < l«o« ; following Table. ^ 


and s.Ji + i: s {„u}i ; ; t.fC : tN, > op®, 
ilicn A = M ± N, and B = M:pN. 

Again, let r : s'C : : t. « : I'm, like or unlike u at C it 

> or <9®° ; 
and n ^ b m w i 

then s.Wt ; s : .sk ; unlike a as 

m ib k* or < b. 

Given A, B, and an oppofite angle 4. 

ifi. s. A ; s. a. : : s. B : s. > or <1 90®. 

2!iJ. J.tt / ; s B : ; t. /z : Hike 01 unlike s as 

i.s > or < 90 ” j 

and t. A ; t. B ; ; b'w : .s'w, like 01 unlike A as a is 
or 1)0'' : 

then (' z-z m 4 : two viliics alfot 

3<lly. Lkl f : sk : . i. B : t. M, like 01 unlike B ;•> 
<9 ib > or < 90''’ ; 

and s'B : b'Ae : : b'M ; b'N\ hke or unlike A .ib a is 

> 01 <1 90^ ; 

tlun C n M 4: two v.ihiis nliif. 

But if A be Ckjual to B, 01 to Its fupplc nu nt, or be- 
tween B and its fupplcineut ; then is Mikk to B ; alio 
c is = m rp w, and C r::^ M d: N, as B is hkt 01 un- 
like a* 

C'lfc 6. Given f7, and an oppofitc fide A, 
jll. .s ,7. : s, A : : si ^ : s. B, > or <| 90'^. 

2ihI. Let r \ ^'h ; : t. A : to tM, like or unlike h 
as A is ^ or 90 ; 

and t. rt : t. ^ : : s. M ; s. K, ^ or <{ 90*^ : 
then C = MqpN, as a is like or unlike h, 

3cl1y. Let r : s'A :: t, ^ : t'w, like or unliked as 
A > or < \ 

and .s'/z : s'<7 : ; 8. m. : s. > or 90° ; 

then c w dt ;/, as a is like or unlike h. 

But if A be equal to T, or to its rNppleiucnt, or hr- 
tween Band its fiipplcment ; tlun B is unlike by and 
only the kfs values of N, //, are jioifible. 

Wh^n two fidcs A, B, :finl their opjxifiic angle® 
<7, b, art known ; the thud lldc C, and iu oppofite 
aiigU r, are itadily found thus; 

t. I a o: / ; s. «z4*<^ : *• J A m B : t. 4 C. 

r . L Af/j B : £. A 4' B : , t. a m b : 
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The fume Table will alfo ferve for the quadrantal and p their oppofite Tides : obfcrvlnjif, inllead of Ji, 
or that which has one Tide = 90^^, H being to take its fupplement ; and mutually change the terno 

the angle oppplitc that Tide, B, P the other two angles, / h and un//b^ for each other where H is concerned. 


Cafe 

Given 

Req^i 

SOLUTIONS. 

1 

U 

B 

b 

f. 

s. H. : r : : s B : si, and Is like B 

g'g ’ ^ ^ s ^ 1 > > ^ unlike B 

2 

H 

B 

P 

P 

r : s'H : : s.i : s.B, like h 

r * s'H * * 1 ’ ^ ^ ^ is like or unlike h 


B 

b 

n 

si : r ; : s.B : s.H 1 

3 

p 

p 

r : t.B : : t'i : s.P >, each ;> or 90° ; both values true 

s'B ; r : ; s'i : s./ 3 


1 

B 

H 

r ; t'P) : : : t'H, ^or 90 as B is like or unlike p 

4 1 

b 

r : sT) : : s./> : s'i, like B 

1 

P 

P 

r : s.B : : i,p : t.P, like p 


B 

P 

H 

r ; s^B : ; s'P : sTI, > or 90° as B is like or unlike P 

r : s.P : : t'B : t'i, like B 

r ; s.B : : iT : t'/, like P 

5 

b 

P 


b 

\ ^ ' 

r : t'i : : Vp ; sTI, > or <j 90® as b is like or unlike p 

6 j 

B 

s.p : r s 'i : s'B like i 

] 

P 

I 

i 

P 

s.i : : s'/- . s'P like/ 


The following Propofitions and Remaiks, concern- 
ing Spiierical t riangles, (feledtcd and communicated by 
the reverend Nevil Mafktlyne, D. 1 ). Aftronomer 
Royal, F. R. S.) will alfo render tire calculdiion of 
them perfpicuons, and Tec from ambiguity. 

“ I. A fphericMl triangle is cqiillatcial, ifofcelar, or 
f all no, accordiiig as it has its three angles all equal, 
or two of them equal, or all three unequal j and 

v.'Cr ’Vtr/i/. 

2. The greatell fide is always oppofite the greatefl 
angle, and the fmallcll fide oppofite the imallcfl 
angle. 

3. Any two Tides taken together, are greater than 
tlic third. 

4. If the three angles arc all acute, or all right, or 
all obtiife ; the three Cdes will be, accordingly, all 
lefs than go®, or equal to 90®, or greater than 90® ; 
and vice •vtrja, 

5. If from the three 
angles A, B, C, of a tri- 
angle ABC, as poles, there 
be deferibed, upon the fnr- 
face of the fpheie, three 
arches of a great circle DF, 

Dp, FE, forming bv tlieir 
interfedions a new fpnerical 
triangle DEF ; each fide of 
the new triangle will be the fupplement of the angle 
at its pole ; and each angle of the fati^e triangle, will 
be the fupplement of the fide oppofite to it in ibe tri- 
angle A BC. 

7 


6. In any triangle ABC, or 
A^C, right angled in A, ift, 

Tlic angles at the hypotenufe 
aie always of the fame kind as 
their oppofite fides ; idly, The 
hypotenufe is lefs or greater - 
than a quadrant, according as 
the Tides including the right 
angle arc of the fame or different kinds ; that is to faV} 
according as thefe fame Tides arc either both atule or 
both obtufe, eras one is acute and the other obtiilc. 
And, vice verfa^ ift, The Tides including the right 
angle, are always of the fame kind as their eppoiite 
angles ; idly, The Tides including the right angle will 
be of the fame or diftcrent kinds, according as tlie liy* 
potenufe is lefs or more than go®; but one at kail of 
them will be of 90®, if the hypotenufe is fo.** 

TRILATERAL, three. Tided, a term applied to 
all figures of three Tides, or triangles. 

TRILLION, in Arithmetic, the number of a 
million of billions, or a million of- million of tril- 
lions. 

TRIMMERS, in Architc£lure, pieces of tin.ber 
framed at right*anglc8 to the jolfts, againR the " a>s for 
chimneys to fupport the hearths, and the wcli-hole® 
for ftair8% 

TRINE or dimenfwn, include 

length, breadth, and thicknefs. The Trine dimeafioo 
is peculiar to bodies or folids. i . r 

Trine, inAftrology, it the afpcA of fituation 0 
one planet with refpcA to another, when they are 
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lant f pa^ o£ Uic circle, or 4 figns, or 120 de- 
gree/ It it «lfo called trigon, and la denoted by tlie 

cha rafter A • 

trinity SunJayt is the next after Whitfunday ; 
fo called, becaufe on that day was anciently held a fcili- 
val (as it ftill continues to be in the RotnKh Church) in 
honovir of the Holy Trinity. — The obfervance of this 
feilival was firft enjoined by the 6th canon of the coun- 
cil of Arles, in 1260; and John the 2 2d, who dillin- 
guilhed himfclf fo much by his opinion concerning the 
beatific vifion, it is faid, fixed the office for this fcltival 
in 1334. 

TRINODA, or Tr I NODI A Terra^ in Tonic an- 
cient writers, denotes the quantity of 3 perches of 
land. 

TRINOMIAL, in Algebra, is a quantity, or a 
root, confining of three parts or terms, connefted to- 
gether by the figns + or — ; as ^ ^ — r, or 

A -f 4 - 25 . 

TRIO, In Mufic, a part of a conceit in which thice 
perfons ling ; or rather a mufical cornpofition confiding 
of 3 paits. — Trios are the fined kind of mufical com- 
pofition, and pleafe mod in conceits. 

TRIOCTILE, in Adrology, an afpeft or fituation 
of two planets, with regard to the earth, when they 
are 3 odants, or J of a ciicle, which is 135% didant 
from each other.— -This afpeft, which fome call the 
ftfquiquadransi is one of the new afpeft 3 added to the 
old ones by Kepler. 

TRIONES, ill Aftronomy, a fort of condellation, 
or adeinblage of 7 liars In the Urfa Major, populaily 
called Chancs*s — From the Septem Triona the 
noith pole takes the denomination Septentrio, 
TRl'PAirriTION, is' a divifion by 3, or^ the 
taking of the 3d part of any nnftiber or quantity. 

TRIPLE, threefold. Sec RATiO and SueiRi- 

PLE. 

Triple, in Mufic, is one of the fpeclcs of meafiire 
or time, and is taken from hence, that the whole, or 
Iwlf meafure, is divifible into 3 equal parts, and is 
beaten accordingly, 

T 4 ?TPLICATE Ratio, is the ratio which cubes, or 
any fimilar folids, bear to each other j and is the cube 
fif the fimplc Yatio, or this twice multiplied by itfelf. 
Thus 1 to 8 is the Triplicate ratio of i to 2, and x to 
27 Triplicate of i to 3. 

TRIPLTCITY, or Tricon, with Aftrologers, is a 
divifion of the 12 figns, according to the number of the 
4 elements, earth, water, air, fire ; each divifion con- 
filling of 3 figns, making the earthly Triplicity, the 
Triplicity, the airy Triplicity, and the fiery 
Tripheity. 

Triplicity is fometimes confounded with trine afpeft ; 
dibugh they are, ftriftly fpcaking, very different things ; 
*is Triplicity is only ufed with regard to the figns, and 
trine with regard to the planets. The iigns ol Tripli- 
^'ty arc thole which are of the fame nature, and not 
that arc in trine afpeft : thus Aries, Leo, and 
Saglttary’ arc'ligris of Triplicity, bccaufc thofe figns 
“re, by thefc writers, all fuppofed fiery. 

in each of the four Triplicitie?, arc as 

. VoL. It, 


Etuthiy, li/^atery. Airy* Fiery* 

i^Tauiiis. ©Cancer, n Gemini. T Aries. 

Tij; Virgo. iq Scorpio. Libra. ^Leo. 
VCapticvun. X FiC'cs. jcrAquariu?. SagitfaiV. 


TRIS Diap.isov, or Triple Diapn/on Cforti, in 
Mufic, i-. what is <jtliervvifc called a triplr eighth, 

'f R ISFC’TION, the dividing a thing into three 
equal pairs. The term is chiefly ufed in Geometry*, for 
the divifion of nn angle into three equal parts. 'I'he 
Trifetltdi if an nnrle geometrically,' is one of thole 
great ptohlerns whole folution has been fo rnneh fought 
for by mathematicians, for 2000 years pall ; being, ni 
thisrcl'iv^t, on a footing with the famous quadrature of 
the circle, and the dnpheatiirc of the cube. 

The Ancicnib 4 Mrcfted an ahglcby means of theco- 
nic Icftions, and the book of Inclinations ; and Pap- 
pus enumtiatts levcral ways of doing it, in the 4th 
book of his Mathematical Collcftions, prop. 31, 3.4, 
33, 34, 3^, .!^c. He farther obferves, that the pro- 
blem of Trifcfting an angle, is a folid problem, or a 
i>*»»blcm ofthc 3d degree, being exprefled by the refo- 
lution of a cubic equation, in which way it has been 
rcfolved by Vieta, and otheis of the Moderns. Sec his 
Angular Seftions, with thofe of other authors, and the 
Trifeftiori in particular by cubic equations, ’as in 
Guifne's Application of Algebra to Geometry, in 
I’Hofpital's Conic Seiilions, and in Einerfon’s 'Prigo- 
nomctiy, book i, fee. 4. The cubic equation by 
which the problem of Trifeftion is rcfolved, ia as fol- 
lows ; Let c denote the chord of a given arc, or angle, 
and A the cord of the 3d part of the fame, to the radius 
1 ; then is 

A* - 3.V - r, 

by the rcfolution of which cubic equation is found the 
value of .V, or the chord ofthc 5d part of tjic given 
arc or angle, whofe chord Is c j and the rcfolution of 
this equation, by CardaiPs rule, gives the chord 
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TRISPAS'J’, or Trispaston, in Mechanics, r 
machine uilh 3 pulleys, or an ufiemblage of 3 pullers, 
for raifing great weights i being a lower fjK'cies oi the 
polyfpallon. 

TRITE, in Mufic, the 3d mufical choid intheiyl* 
tem of the Ancientg. 

TRITONE, in Mufic, a falfe concoid, conflfting 
of three tones, or a grtatn- ihiid, and a greater toife. 
Its ratio or proportion in numbers, is that of 45 to 32. 

TROCHILE, in Aichitcfture, i$ that hollow ring, 
or cavity, which run# lound a column next to the 
tore. , 

TROCHLEA, in Mechanicsj one of iImj 
powers, more ufually called the pulley. rpn r^ 
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TROCHOID, in the Higher Geometry, a curve 
defcr'bcci by a point in any part of the radius of a 
wlicel, (luring its rotatory anci progrcfffve motions. This 
is the fame curve as what is more ufually called the Cy- 
iloidt where the conftrudion and properties cf it are 
ih'ewn. 

TRONE JVtigk^ was the fame with what we now 
call Troy JVeighi, 

Trone Peundy in Scotland, contains 20 Scotch 
ouncKl. Or bccaufc it is ufual to allow one to the fcorc, 
the Tronc-pound is commonly 2 » ounces. 

TRONt- 5 /cnr, in Scotland, according to Sir John 
Shene, contahis 19* pounds. 

' TROPHY, in Aichitefiure, an ornament which rc- 
prefents the trunk of a tree, charged or encompaffed rdl 
around with arms or military weapons, both offenfivc 
and defenfive. 

TROPICAL, fomething relating to the Tropics. 
As, Tropical-/^/W;. See Wind, and Trade- 
JPtridt, 

TaoricAL Tcary the fpace of time during which 
tlie fun pafles round from a tropic, till his return to it 
again. See Year. , ^ 

TROPICS, in Aflronomy, two fixed circles of the 
fplierc, drawn parallel to the equator, through the fol- 
flitial points, oratfuch di (lance from the equator, as Is 
equal to the fun's g reateft rcccfs or de(;lination, or to the 
obliquity of the eaiptic. 

^ Of the two Tropics, that on the north fide of the 
equator, pafles through the (irfl point of Cfincer, and 
is therefore called the Tropic of Cancer* And the other 
on the fouth fide, paffing through the firfl point of Ca- 
pricorn, is called the Tropic of Capricorn, 

To determine the diftance between the two Tropics, 
and thence the fun's greateft declination, or the oblU 
quity of the ecliptic j obferve the fun's rneridian alti- 
tilde, both in the fummer and winter foKliiie, and fub- 
tiai^l the latter from the former, fo (hall the remainder 
be the diftance between the two Tropics ; and the half 
of this will be the quantity of the greateft declination, 
or the obliquity of the ecliptic ; the medium of which 
is now 2 3*^ 2 S' nearly. 

Tropics, in Geography, are two leffer circles of the 
globe, drawn parallel to the equator through the be- 
ginnings of Cancer and Capricorn, being in the planes 
of the celellial Tropics, and confequently at 23® 28^ dif- 
tance either way from the equator. 

TROY-lVeighty anciently called Trone weighty is fup- 
pnfed to be taken froift a weight of the fame name in 
France, and that from the name of the town of Troyes 
there, 

The original of all weights ufed in Etigland, was a 
corn or grain of wheat gathered out of tlic middle of 
the ear, and, when well dried, 32 of them were to make 
one pennyweight, 20 pennyweights i ounce, and 12 
ounces 1 pound Troy. Vide Statutes of 51 Hen. Ill j 
31 £d. Land iiHcn* VIL 
But afterward it was thought AifBcient to (jiidde the* 
faid pennyweight into 24 equal parts, called grains, 
the load weight now in common ufe i fo t&l the 
div^oiw of Troy weight now, arc thefe li , 

2 


24g»ain8 =1 I pennyweight 

20 pennyweights = 1 ounce $%, 

1 2 ounces = 1 pound /^. 


By Troy-weight are weighed jewels, gold, filver, 
and all liquors. 

TRUCKS, among Gunners, are the fmall wooden 
wheels fixed on the axlctrees of gun carriages, efpccially 
thofe for (hip fervice, to move them about by. 

TKVE Conjunahity in Aftronomy. See TrweCov- 

JTTKCTION. 

True Place of a Planet dr Stary is a point in the hea- 
vens (hewn by a right line drawn from the centre of 
the earth, through the centre of the ftar or pla. 
net. 

TRUMPET, Liftening or Ilearingy is an inftrument 
invented by jofeph Landlni, to affift the hearing of 
perfons dull of that faculty, or to afllft us to hear per- 
fons who fpcak at a great diftance. 

Inftruments of this kind are formed of tubes, with 
a wide mouth, and terminating in a fmall canal, which 
is applied to the ear. The form of thefe inftruments 
evidently (hews how they conduce to alTift the heaving ; 
for the greater quantity of the weak and languid piilfei 
of the air being received and colledted by the large end 
of the tube, are reflected to the fmall end, where they 
are colkdcd and condenfed ; thence entering the car in 
this condenfed ftatc, they ftrike the tympanum with a 
greater force than they could naturally have done from 
the ear alone. 

Hence it appears, that a fpcaking Trumpet may be 
applied ^othepurpofe of a hearing Tiumpet, by turn- 
ing the wide end towards the found, and the narrow 
end to the ear. 

SpeakingT ^.w^v^Ty is a tube of a confidcrable length, 
from 6 to 15 feet, ufed for fpeaking with to make the 
voice be heard to a greater diftance. 

This tube, which is ma4^ of tin, is (Iraight through- 
out its length, but opening to a large aperture outwardgi 
and the other end terminating in a proper (hape and 
fize to receive both the lips in the aft of fpeaking, the 
fpeaker pulhing his voice or the found outwards, by 
which means it may be heard at the diftance of a mile 


or more. 

. The invention of this Trumpet is held to be modern, 
and has been aferibed to Sir Samuel Moreland, who 
called it the iuba ^entorophonicay and in a work of the 
fai)re name, publi(hed at London in 1671, that author 

^veanaixount ofit> and of feveral experiments made 

with it. With ode of thefe inftruments, of feet long, 
21 inches diameter at the greater end, and 2 Inches a 
the fmaller, tried at Deal-CalUe, the fpeaker was heard 
to the diftance of 3 miles, the wind blowing nom t 


But it feems that Kircher has a better title to th 
ventipn ; for it is certain tliat he had fuch an ^ 
before ever Moreland thought of his. That 
his Phonurgia Nora, publilhcd in 1673, fajf^ ^ ^ , 
trpmba, publilhed Wft year in England,, he ^ 
years before, and publilhed iii his Mefurgia, He » 
that Jac. Albanus Ghibbilius and Fn r nim 

cribe it to him > and that G» Schottus the 

that he had fuch an inftrumenit in his chamoc 
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Roman til which he could call to,aad receive 

hnfwcrs from thcf^ortcr. 

But, confidtring how famous the tube or horn of 
Alcxaii4cr thcGrcat wai, it is rather ftran^e that the 
Modcmsilhourd pretend to tlic invention. With his 
ftentorophonic horn or tube he ufed to fpeak toliis vr- 
m/, and make hlmfclf be dillin«^ly heard, it is faid, 
i 00 ftadia or furlongs, A figure of this tuhe is preferved 
in the Vatican ; aftd it is nearly the fame as that now 
in ufc. Sec Stentorophonic. 

The principle of this inftrument is obvious; for as 
found is ftrongcr in proportion to the denfity of t!»e 
air, it follows that the voice in paffing through a tube, 
or Trumpet, mull be greatly augmented by the conilant 
refletlion and agitation of the air through the length 
of the tube, by which it is condenfed, and its a<^ion 
on the external air greatly increifed at its exit from the 
tube. 

It has been found, that a man fpeaking t]jrong]i a 
tube of 4 feet long, may be under Hood at the dillance 
of 500 geometrical paces ; with a tube 163 feet, at 
the diftance of ifioo paces ; and with a tube 24 fcct 
long, at more than 2500 paces. 

Although fome advantage in heightening the found, 
both in fpeaking and hearing, be derived from the 
fhape of the tube, and the width of the outer end, yet 
tlie e(Fd£l depends chiefly upon its length. As to the 
form of it, fome have aflerted that the bell figure is 
that which is formed by the revolution of a parabola 
about its axis; the mouth piece being placed in the 
focus of the parabola, and confequently the fonorous 
rays refleAed parallel to the axis of the tube. Bui 
Mr. Martin obferves, that this parallel reflection is by 
no means eflential to increafing the found : on the con- 
trary, it prevents the infinite number of reflexions and 
reciprocations of found, in which, according to New- 
ton, its augmentation chiefly confills ; the augmenta- 
tion of the impetus of the pulfes of air being propoi* 
tional to the number of repercuflions from the lidcs of 
the tube, and therefore to its length, and to fuch a fi- 
gure as is moft produXive of them. Hence he infers, 
that the parabolic Trumpet is the moll unfit of any 
for this purpofc ; and he endeavours to Ihew , that the 
logailthmic orlogiftic curve gives the bcil V 

a revolution about. its axis. Martin’s Philof. But. vol. 2, 
pa. 248, 3d edit. , t , 1 

But Caflegrain is of opinion that an hyperbola, lav- 
ing the axis of the tube for an aiymptoic, is the belt u- 
gure for this iiiftrument. MufTchenb. Intr. ad I nil. 
Nat. tom. 2, pa. 926, 4to. , , 

For other conftruXions of Speaking Trumpets, y 
Mr. Conyers, fee Philof. Tranf. numb. Hh tor 
*^78. ' . ^ r 

truncated PyritmulorCon^, is the frullum ot 

bne, being the part remaining at the bottom, t e 
top is cut oflfby a plane parallel to the bafe. bee r R v s- 
tom. , f . 

trunnions, of a piece of ordinance, are thole 
knobs or Ihort cylinders or metal on the fidcs, by w 1 
redfi on the KShccks of the carriage. 
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TRUNNrov-/v.'vi,^ is the ring about a cannon, . nji'H 
before the Triiuiiions. 

TSCHIRNHAITSEN (KBwrRoY W\T.Tr.R), an 
ingenioiw nuthcmaticinn, lord of Killingfwnld ,01 1 of 
Stolzenbcrg m Lul’atia, who c he was born in '6vf- 
Aftcr having fcivcd as a volurieci* in the .inoy ofUol 
laiul In I <^17 2, he travelled into moll jiaits of Purope, 
ai Englaiul, (hnu.iuy, It.dv, France, ^c. lie wtut Ui 
Paris for the third iiu.t: in ibSa ; where he comiUiini- 
cated to tiic Academy of Seieucis, the difcovci y^>t the 
curves called, bom him, I f hirnhaufeti’s Candies ; and 
tlie iXcjdeiuy iu coiilcquce.ec eleXed the invtiUur oiu; of 
its foreign u’.embers. On letiwiiiiig to luly, ho was 
dcfiroiis of perN Xitig the tVicnec ol optics; for which 
purpofc he eiUhliihed two glafs-woi k.s, fu)m whence 
ufultcd many new imprtwements in dioplric.s and phy- 
fioi, parlicitlaily the noted !)ii! iiing-idafs which he pre- 
fented to the regent. — It was to him too that Saxony 
owed its porcelnnc luannfaXmy. 

Content with the enjoyment of literary fame, Tfchirn- 
anfen rct iftd all otlier honours that were otTcred 
him. Ltariiing was his foie delight. He fearched out 
men ot talents, atid gave them encouragement. He 
was often at the cxjicnce of printing the nreful works 
of other men, for the benefit of the public ; and d'ed, 
beloved and regretted, tlie nth of Sc])tember j 708. 

Tfcliirnanfeii wrote, Z)r Meilkma Mentis 11 Corpo- 
ris, printed at Amdcidatn in 1687* And the follow- 
ing memoirs weie piintcd in the volumes of tlie Aca- 
demy of Seicnees. 

1, Obfervations on Buining GlafTcs of 3 or 4 feet 
diameter; vol, if'99. 

2, Obfervations on the Glafs of a Ttlcfcope, con- 
vex on both fides, of 31 feet .V’al diilance; 1700. 

3, On the Radii of Curvature, with the finding the 
Tangents, Quadratures, and RcXificatlona of many 
curves; 1701. 

4, On the Tanijcnts of Mechanical Curves ; 1 7®^* 

5, On a method of Quadratures ; 1702. 

TUBE, a pipe, conduit, or canal ; being a hollow 
cylinder, either of metal, wood, glafa, or oilier mat- 
ter, for the conveyance of air, or water, 5 cc, 

The tcim V chiefly applied to thofe ufed in phyfics, 
aflronomy, anatomy, &c. On other ordinary occa- 
fions, wc more ulually lay ^ 

In the mernoiis ot the bicnch Academy of Sncncr 5 , 
Varlgnon has given a treatife on the proportions fur the 
diameters of tubes, to give any particular quantities of 
water. The reluU of his paper gives thefc two analo-- 
gic«, viz, that the diminutions ofthc velocity of water, 
occaVioncd by its friXioir againll the fidcs of I'ubes, 
arc as the diameters ; the Tuber, being fiippofcd equally 
long ; and the nuaniil'cs of water ifluing out at the 
Tubes, arc as the fijuare roofs of their diameters, de- 
diiXipg out of them the quantity that each 1$ dimi- 

Tua2,> in Aflronomy, is fornctimes ufed for tclc- 
fcope ; but more projK-rly for that part of it into 
which the lenfcs arc lined, and by which they arc dr- 

nacJ and ufed. TUESDAy. 
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TTTE^DAY, the 3d day of the week, fo called 
from Tiiefco, oitc of. the Saxon Goda, firhilar to Mais ; 
ft)r* which reafou the aftrononaical mark for this day ot 
the week, 18 

TUMBREL, isakind of carriage with two wheels, 
ufed eitlier ia Hulbandry for dung, or in Artillery to 
carry the tools of the pioneers, 5cc, and fomctlmts 
like wife the money of an army. 

TUN, is a meafure for liquids, as wine, oil, &:c. 

The Englilh Tun contains 2 pipes, or 4 hoglheads, 
or 2 R'alloiis. 

TUNE, or Tone, in Mufic, is that property of 
foundsby which they come under the relation of acute 
and grave. 

If two or more founds be compared together in this 
relation, they are either equal or unequal in the degree 
of Tune : fneb as are equal, are called unifens.^ The 
unequal conllitute what are called intrrval^t which are 
the differenced of Tone between founds. 

Sonorous bodies are found to differ in Tone : ill, 
According to the diflerent kinds of matter ; thus the 
found of a piece of gold. Is much graver than that of a 
piece of filver of the fame fhape and dimenfions. 2d, 
'According to the different quantities of the fame inatfcr 
in bodies of the fame figure ; as a folld fphcic of brafs 
of I foot diameter, founds acutcr than a fphcrc of brafs 
of 2 feet diameter. 

But the meafurcs of Tone are only to be fought in 
the relations of the motions that are the caufc of found, 
which are mod difcernible in the vibration of chords. 
Now, in general, we find that in two chords, all things 
being equal, excepting the tenfion, the thicknefs, or 
the length, the Tones are different i which dilFerencc 
can only be in the velocity of their vibratory motions, 
by which they perform a different number of vibrations 
in the fame time ; as it is known that all the fmall vibra- 
tions of the fame chord are performed in equal times. 
Now the frequenter or quicker thofe vibrations are, the 
more acute is the Tone ; and the flower and fewer they 
are in the fame fpace of time, by^ fo much the more 
jjiavc is the Tone. So that any given note of a Tune 
is made by one certain meafure of velocity of vibra- 
tions, that is, fuch a certain number of vibrations of a 
chord or firing, in fuch a certain fpaccof time, conlli* 
tutes a determinate Tone, 

This theory is ftrongly fupported by the beft and 
hitcfl writers on mufic, Holder, Malcolm, Smith, &c, 
both from reafon and experience. Dr. Wallis, who 
owns it very rcafonable, adds, that it is evident the 
degrees of acutenefs are rcciprocallv as the lengths of 
the chords ; though, he fays, he will not pofitivciy af- 
firm that the degrees of acutenefs anfwer the number of 
vibrations, as their only true caufc : but his diffidence 
arifes from hence, that he doubts whether the thing has 
been fufficicntly confirmed by experiment. 

TUNNAGE. Sec Tonnage. 

* TURN, is ufed for a circular motion; m which 
fenCe it agrees with revolution. 

Tuan, in Clock or Watch-work, particularly de- 
motes the revolution of a wheel or pinion. 

In ejaculation, the number of Tuma which tlic pi- 


nion hath, is denoted in comrt^on arithmetic thug, 
5 ) 60 (12, where the pinion playing in a wheel 

of 60, moves round 12 tifqcs in one Turns of the 
wheel. Now by knowing the number of Turns which 
any pinion hath, in one Turn of the wheel it works in, 
you may cafily find how many Turnsa wheel or pinion 
has at a greater diftance ; as 
the contrat-wheel, crown- 5 ) 55 ( x r 

wheel, &c, by ^ multiplying 
together the quotients, and the 5 ) 45 ( 9 

number produced is the num- 
ber of Ihirns, as in the exam- 5 ) 40 (8 

pie here annexed : the fir (I of 
thefe three numbers has i x Turns, the next 9, and the 
iall 8 ; if you multiply ii by 9, it produces 99 ; that 
is, in one Turn of the wheel 5 5, there are 99 Turns of 
the fecond pinion 5, or the wheel 40, which runs con- 
centrical or on the lame arbor with the fecond pinion 5 ; 
and if you again n;iultiply 99 by the laft quotient 8, 
it produces 792, which is the number of Turns the 
third pinion 5 hath. See CLOCK-wor/f, and Pi- 

NIOM. 


TURNING to windward^ In Sea Language, de- 
notes that operation in failing when a flrip cndeavouis 
to make a progrefs agalnll the diredion of the wind, 
by a compound courfe, inclirred to the place of her 
dcftinalion. — This method of navigation is otherwife 
called to mnd'tvard, 

TUSCAN Order^ in Architci^ure, Is the firfi, the 
fimplcfi, and the ftrongeft or moll m^aflive of any. Its 
column has 7 diameters in height ; and its capital, 
bafe, and entablement, have no ornaments, and but few 
mouldings. 

TWELFTH-Djy, the feftival of the Epiphany, or 
the manifcllation of Chrifl: to the Gentiles, fo called, 
as being the Twelfth day, exclufive, from the nativliy 
or Chriftmas-day; of courfe it falls always on the 6th 
day of January. 

TWILIGHT, in Allronomy, is that faint light 
which is perceived before the fun-rifing, and after fun- 
fetting. The Twilight ii occafioned by the eardi'a at- 
mofphere refrafling the rays of the fun, and reneiting 
them among its particles. 

The dcpreflion of the fun below the horizon, at the 
beginning of the morning, and end of tl^ evening 
Twilight, has been varioufly dated, at different ca. 
fons, and by different obfervers ; by Alhazen it wa 
obfeved to be I9»: by Tycho 17' i by 
J4*; by Stevinus 18° > by Calfini 15*! by ’ 
at the time of the equinox in the morning i d * • 

evening 2004; in fummer folflfcc in ^ 

21*=* 25', and in the winter a 

that the caufe of the TwiUght is vanable ; V . 
medium, about i8* of the fun’s depreffion wx " 
lerably well for our latitude, for bcginm g 
end of Twilight, and according to which *. n 
(in his AftroLmy, vol. i, P^l 
ing Table, of the duration of Twiligh > e 
latitudes, and for fc\’eral different dcainat 

Latituik* 
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Where c d figntfy that It Is then continual day, c h con- 
tinual night, > and w n that the Twihgiit lait* the whole 
night* 


Proh, — To Jind ths Beginning or Kiui of Tiuil'i^ht, 

In this problem, there are given 
the Tides of an oblique fphcrical trian- 
gle, to find ai> angle ; viz, given the 
fide ZF the colatitude of the place ; 

PO the codeclination, or polar dif- 
tance ; and Z'0 the zenith diftance, 
which is always equal to loS®, viz, 

90° from the zenith to the horizon, 
and 18® more for the fmi*^ dillance 
below the horizon* For example, fup- 
pofe the place London in latitude 51® 

32', and the time the ift of May, 
when the fun’s declination is 15® 12' 
north. Here then ZP = 28^ 

the complement of 51® 32', and PO = 
complement of 15® I2^ Then the calculation is as 
follows. 



P'O = 74" 4B' 

PZ = 38 28 


PO-PZ = 36 20 =: D- 
Zo = 00 


2 ^ 0 + D =144 20 72® io'= J ZO + 1 > 

ZO-D =71 40 35 50 = 1^0 - 1 ) 


Co-ar. fin,, polar dift. = 74 * 4 ® * <’■ 0*547 

Co-ar.Cn.,colat. ■ - = ■ 0 - 2 <’^O 

Sine 4 Zo+D - r= 72 *o ' 9’9786i 

Sine i Z© - D. - = JS 5 ° ' 9'76747 


Sum of thefe four logit • ' 

Half fum give. 74* *8i' - 9-98386 

. Which doubled give# 148 S 7 ZPO. 


Thin 148“ 57' reduced to time, at the rate of 
per hour, gives (/ 55*^ 48*, cithci bcfoie or:»ltci noon ; 
that is, the twilight begina at 2'* 4'" 12' In the morning, 
and ends at 9“ 55'“ 48* in the evening on the given 
day at London. 

TWINKLING of the Starsj denotes that tremulous 
motion which is obierved in the light proceeding from 
the fixed liars. 

'This Twinkling in the liars has been varioufly ac* 
counted foi. Alhazen, a MoonOi phdofopher of the 
1 2tli century, conliders refraftion as the cauie of this 
phenomenon, 

Vitello, in his Optics, (compofed before the year 
1270) pa. 449, afciibes the Twinkling of the liars to 
the motion of the air, in which the light is refratled ; 
and he obferves, in confirmation of this hypolhclis, 
that they Twinkle Hill more when they are viewed in 
w'ater put into motion. 

Dr*. Hook (Microgr. pa. 231, 5 cc) afcn'bes this 
phenomenon to the inconftant and unequal rcTradion of 
the lays of light, occafioned by the trembling motion 
of the air and interfperfed vapours, in conTcquence 
of variable degrees of heat and cold in the air, produ- 
cing correfponding variations in its dtnlity, and alTo of 
the action of the wirul, which mull caulc the I'uceeirivc 
rays to fall upon the eye in different directions, and, 
confequently upon different parts of the retina at differ- 
ent timf 9, and alio to hit and mifs the pupil alternately ; 
and this alfo h the reafon, he fays, why the limbi 
of the fun, moon, and phmets appeal to wave or 
dance. 

Thcfe tremors of the air are manifefl to the eye by 
the tremulous motion of fhadows call from high tow- 
ers ; and by looking at objeds through the fniokc of 
a chimney, or through IlcHins of hot water, 01 atob- 
reds fituatecl beyond hot fands, cfperiidly if the air be 
moved tranfverfely over them. But when ftars arc 
feen through telefcopes that have large apertures ; they 
Twinkle but little, and fomctlmts not at all. For, as 
Newtciihas obferved, (Opt. pa.yS) the rays of.light 
which pafs through difftrent puits of the aperture, 
tremble each of them apart, and by means of their va- 
rious, and contrary tremors, fall at oiae and the fame 

time 
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time upon different pointt in the bottom of the eye, 
aiui didr trembimg motious arc too quick and cor4fufcd 
to be feparately perceived- And all thefc illuminated 
points conllitute onc’broad: lucid ooint, compofed of 
tbofe’^many tiendding point$ confuuxily and infenfibly 
mijeed wi,th one.another by very fhort and fwift tremors, 
and fu canfe the liar to appear broader than it is, and 
withoiit any trembling' of the whole. 

Dr. Jurjn, in his Effay upon Dillin^^ and Indiflin^f 
Vifion, has rccourfc to Newtoirs liypothclls of lits of 
c>fy rcfradlion and reflexion for explaining the Twink- 
ling of the flats i thus, he fays, if the middle part 
of the image of a ftar be changed from light to dirk, 
and the adjacent ring at the fame time be changed 
from dark to light, as muft happen from the lealt mo- 
tion of the eye towards or from the Har, this will occa- 
lion fuch an appearance as Twinkling. 

Mr. Michell (Philof. Tranf. vel. 57, pa. 262) flip- 
poles thit the arrival of fewer or mo:e rays at one 
time, tipeci.illy from the fmallcr or mote remote fixed 
liars, may make fuch an unequal imprefiion on the eve, 
as may at lead liave fame fliare in producing this 
fince it may be fuppofed that even a lingle particle of 
light Is fufTicient to make a fenfihle Impreflion on the 
Rigans of fight ; fo that very few particles arriving at 
the eye in a fecond of time, perhaps not more than 
three or four, may be fufHcient to make an objed con- 
lUntly vilible. 8co Light. 

Hence, he fays, it is not improbable that the number 
of the particles of light which enteV the eye In a fcc('iid 
of time, even from Syrius himfelf, may not exceed 3 or 
4 thoufand, and from liars of the 2d magnitude they 
may probably not exceed 100. Now the appaicnt in- 
creafe and diminution of the light, vvliich we obferve in 
the Twinkling of the ftars, feeni to be repeated at in- 
tervals not very unequal, perhaps about 4 or 5 times In 
a fecond. He therefore thought it realonable to fup- 
ppfe, that the inequalities which will naturally arife 
from the chance of the rays coming fometimes a little 
denfer, and fometimes a little rarer, in fo fmall a num- 
ber of them, as mull fall upon tlie eye in the 4th or 5th 
part of a fccond, may be fufficient to account for this 
appearance. 

Since ilicfc obfervatlons were publiflied however, Mr. 
Michell (as we arc informed by Dr. Pricftley in his 
Hift. ot Light, pa. 495) has entertained fome fuipi- 
clon, that the uncijual denfity of light does not contri- 
bute to lliis effed in fo great a degree as he had ima- 
gined ; efpecially as he lias obfcived that even Venus 
does fometimes Twinkle. This he once obferved her 
to do remarkably when flic was about 6 degrees liigh, 
thougli Jupiter, which was then about 16 degrees high, 
and was fenfibly lefs luminous, did not Twinkle at all. 
Ifi notwithftanding the great number of rays which 
doubtlcfa come to the eye from iuch a furfaceas this 
planet prefenti;, its appearance be liable to be affeded 
m this manner, it mull be owing to fuch undulations in 
the atmofpherc, as will probably render the dfed of 
every other caufc altogether infcnfible. 

Muffehenbroek fufpeds (Introd. ad Phil. Nat.vol. a, 
fed. 1741, pa. 707) that the Twinkling of the ftars 
arifes from lome aftedlon of the eye, as well, as the 


ftate of the atmofphere. For, fays he^ ip Holland, wheu 
the weather is frqfty,' and the iky very clear, the ftar* 
Twinkle moft manifeftly to the naked eye, though not 
in tclcfcopes ; and fince he does not' fuppdfe there u 
any great exhalation, or dancing of the vapour, at 
that time, he queftions whether the. vivacity of the 
light, afFcding the eye, may not be concerned in the 
phenomenon. 

But this philofophcr might have Satisfied himfelfwith 
rtfped to this hypothefis, by looking at the ftars near 
the zenith, when the light traverfes but a fmall part of 
the atmofphere, and therefore might be expeded toaf- 
fed the eye moil fcMifibly. For he would hare found 
that they do not Twinkle near fo much as they do 
nrar the horizon, when much more of their light is in- 
tercepted by the atmofpherc. 

Some aftronomers have lately endeavoured to ex- 
plain the Twinkling of the fixed ftars, by the cxitcme 
minutenefs of their apparent dlarncter ; fo thit tl^'y 
fuppofe the fight of them is intercepted by evLry 
that floats the air. To iliis purpofe Dr. Long oh- 
fci'V'.s ( Aftron. vol. i, pa. 170) tjiat oiir air near tin* 
earth is fo full of various kinds of pai tides, which aic 
in continual motion, that fome one or other of them is 
perpetually ))ariing between us and any ftar wc look at, 
which makes us every moment alternately fee it and lofe 
fight of it ; and this 'rwiiikling of the liars, he fays, is 
greateft in thole that are nearelt the horizon, bceaiile 
they are viewed through a great quantity of tliick air, 
where the intercepting particles are moft nurncions; 
whereas ftars that are near the zenith do not Twinkle 
fo much, hceaufe we do not look at them tlnougli fo 
much thick air, and therefore the intercepting pai ti- 
des, being fewer, come lefs frequently befoie them. 
With refped to the planets, it is obferved that, becaiifc 
they arc much nearer to us than the ftars, they have a 
fenlible ajiparent magnitude, fo that they are not to- 
vtred by the fmall particles floating in the atmofpherc, 
and therefore do not Twinkle, but ftiine with a fteady 
light. 

The fallacy of this hypothefis appears from the oh- 
fervation of Mr. Michell, that no objeft can hide a ftar 
from us that is not large enough to exceed the apparent 
diameter of the ftar, by the diameter of the pupil of the 
eye ; fo that if a ftar were even a mathematical point, 
or of no diameter, the interpofing objeA muft ftiH he 
equal in fize to the pupil of the eye ; and indeed it mid 
be large enough to hide the ftar from both eyes at the 
fame time. 

The principal caufe therefore of the Twinkling of 
the ftars, is now acknowledged- to be the unequal retrac- 
tion of light, in confequence of inequalities and undii' 
lations in the atmofphere. 

Befides a variation in the quantity of light, it 
here be added, that a momentary change of colour ha* 
like wife been obferved in feme of the bxed ftars. 
Melville (Edinb. Eflays, vol.. 2, pa. Si) fay?) 
when one looks ftcadfaftlyat Sirius, or any bright ft«u^» 
no| avuch ejevated above the horizon, its colour feeio* 
not to be oonftantly white, but appears tin^lurcd, a 
every Twinkling, with red and blue. Mr. Melville cou < 
not wtircly fauafy himftlf 'w to the caufc of this p e* 

^ Bomcnonj 
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Bofflenpn » oWewing that the feparatfon of the colours 
bytherefraaiye power of the atmolphere, is probably 
*00 fmpll to be perceived. Mr. Michell’s hypothefis 
above pientioncd, though not adequate to the explica- 
tion of ihe Twinkling of the ftars, may pretty well 
account for this eircumftance. For the red and blue 
rava being much fewer than thofe of the mtermediaie 
colours, and therefore much more liable to inequalities 
from the common effca of chance, a fmall excefs or 
defea in either of them will make a very feufible differ- 
ence in the colour of the ftars. 

TYCHONlC Sy/fcm, or Hypothefts^ 13 an order or 
arrangement of the heavenly bodies, of an inicituc- 
diate nature between the Copernican and Ptolomaic ; 
and is fo called from its inventor Tycho Brahe. See 
System. 

TYMPAN, or Tympahum, in Archite£lurc, is the 
area of a pediment, being that part which is on a level 
witli the naked of the frize. Or it is the fpacc included 
between the three cornices of a triangular pediment, or 
the two cornices of a circular one. 

Tympan iaalfoufed for that part of a pedcftal 
called the trunk or dyt, 

Tympan, among Joiners, is alfo applied to the pan- 
nelsof doors. 
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*3 > tfiangiilar fpace or table ii» 
he torncis of li.ics of an arch, ufually hollowed and 
enriched, fomaimes vvilh branches of laurel, olive-tree, 
or oak. ; or with trophies, &c j fometimes with flyinir 

nflTtu “ 

Tim PAS, in Meclnnlcs, is a kind of wheel placed 
round an axis, or cylindrical beam, on the top of which 
arc two leverd, or fixed (laves, for more ealily turning 

the axis about, m onlcr to raife a weight. The Tym- 
panum is im>eh the fame with the pcritrochium j but 
Hiat the cylinder ofthea.'Lis of the pcritrochium is much 
inortcr and Ids than the cylinder of the Tympa- 
num. * ‘ 

Tympanum of 3 machine, is alfo ufed for a hollow 
wheel, in which people or animals walk, to turn it j 
fucli as that of feme cranes, calenders, &c. 

TYR, in the Ethiopian Calendar, the name of the 
5th month of the Ethiopian year. It commences on 
the 25th of December of the Julian year. 

FYSIfAS, among the EthiopI.in8, the name of the 
4th month of their year, commencing the .zyili of No- 
vember in the Julian year. 
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V is a numeral letter, in the Roman numeration, 
denting 5 or five. And with a dafli over tlic 
top thus V, it denoted jooo. 

VACUUM, in Phyhes, a fpacc empty or devoid of 
®1I matter. 

Whether there be any fuch thing in nature as an ab- 
folutc Vacuum ; or whether the univerfe be completely 
full, and there be an abfolute plenum j is a queflion 
that has been agitated by the pbilofophers of all 
ages. 

The Ancients, in their controverfies, diflinguifhed 
two kinds j a Vacuum coacervatum, and a Vacuum in- 
^^^fperfum^ or rlfjfeminaturn. 

Vacuum Coacervatvmt is conceived as a confiderably 
large fpttce deftitnte of matter j fuch, for inftance, as 
there would be, (hould God annihilate all the air, and 
^ bodies, within the walls of a chamber. 

aTie cxiffence of fuch a Vacuum is maintained by the 
"ythagoretfts, Epicureans, and the Atomifts or Cor* 
ttioft ofwhomaffcrt, that fuch a Vacuum 
^ually exHls 'without the limits of the fenfible world. 
■Dut the fl^odern Corpufcularians, who hold a V 9 cvum 
deoy that appellation \ as conceiving that 


fuch a Vacuum mud be infinite, eternal, and un- 
ci eated. 

According then to the later philofophcrs, there is 
no Vacuum coacervatum without the bounds of the 
fenfible world ; nor ^^ould there be any other Vacuum, 
prtMiided God fhould annihilate I'lvcis contiguous bo- 
dic.'i, than wl. at urnoimts to a mo: 0 privation, or no- 
thing; the dimeiifioni, of fuch a fp ice, wliicli the An- 
cients held to be real, being by thcA' held to be meic 
lugalions j tliat is, in fuch a place riieie i^ fo much 
length, bicadtl), and depth wanting, as a body muft 
fiave to fill it. To kippofc i!.*ii that when all the 
matter in a chamber is annihilated, tl'.erc fhould yet be 
real dimcnfions, is to fuppofe, fay llicv, corporeal dl* 
inenfions without body ; ' hi( h is abfurd. 

The Cart'fians however dcriy any Varv'>?H enneerva- 
turn at all, and affert that if t^od fliOi.M itmrediately 
annihilate all the matter, for example in a chamber, 
and prevent the ii ^refs of any other matter, theconfe- 
quence would be, that the walls would bccoroe conti- 
guous, and incli t’e no fpacc at all. I'b y .:dd, that 
if there be no matter in a chamber, the walls cannot be 
conceived otherwife than as contiguous ; thofe things 
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tdng faid to be contigiiot^s, ^^d^cb tberieisW^ 

ar'y , thfng IgteVmediajc': b^lif Jfbdrf be^ f^'bbdy bJi 
(>vcei?^ there |R^ tbey,' no''jxf.eji(f6n between j ex- 
tejifiVn 4 nd boay bevn^ Ine famAbbig ; and ‘if there 
be nib.cxtenrion between, tbeh theValla’ai*^ contiguous'; 
and where is the Varmim this reaToning, or 

father quibbling, is foutidifd on the miftake, that body 
and extctilion are the fame things 

Vacuum DiffemiNtUum^ or fhi^rjptrjum^ is that fup- 
pofed to he naturally interfpn'fed in and among bodies, 
ni the interrtictfs between different bodies, and in the 
porcB of the fama body. 

'It U xhrs kind of Vacuum which is chiefly contefted 
among the modern philofophcrs ; the CorpufenWians 
ftrenuoufly affening it; and the'Peripatelicfi’VndCar- 
ttlians aatenacioufly/ denying It. Sec CARffisiAK and 
LsroNiTziAM. 

The great atgument urged by the Peripatetics agai.*. ft 
a ‘VaciiumduterTperfurn, is; that there are divers bodies 
frequently feen to move coiitiary to their own nature 
and inclination ; and that for no other apparent reafon, 
buttoavoida Vacuum: whence they conclude, that 
nature abhexs a Vacuum ; and give us a new clafa of 
motions afcrlbed to the hga 'uarni x)r nature’s flying a 
Vacuum. Such, .they (ay, is thOife of water in a 
fyringe, upon the drawing up of the pifton ; and fuch 
is tl>c afccnl of water in pumps, and the ^veiling of the 
flelh in a cupping glafs, &c. — But fince the weight, 
tjafticity, 5 cc, of the air have been afeertained by furc 
experiments, thofe motions and effefts are univcrfally, 
and iulUv, aferib'ed to the gravity and pretTurc of the 
atmofphcre. 

The Cartefians deny, not only the a£^ual exiftence, 
•but even the poffibility of a Vactium ; and that on this 
principle, that cxtenfibn being tiie effence of matter, 
or body, wherever cxtenlion is, there is matter ; but 
mei-e fpace, or vacuity, ds fuppofed to be extended; 
therefore it is material. Whoever afleits an empty 
fpace, fay they, conceives dimenfions in that fpace, 

1. e. he conceives an extended fubftance in it ; and 
theicforc he denies a Vacuum, at the fame time that 
‘he adrhits it.— -But Defcartts, if we may believe fomc 
accounts, reje^lcd a Vacuum horn a complaifance to 
the tafte which prevailed 'in his time, agamfthisown 
firft feutiments ; and among his familiar friends he Afed 
to call his f) ftem his philofophical romance. 

On the other hand, the corpufcular authors prove, 
not only the poflibility, but the adlual exifleuce, of a 
Vacuum, from divers confidcrations ; particularly fro® 
theconfidcration of motion in general ; and that of the 
planets, comets, dec, in particular ; as alfo from the 
ia)I of bojjies ; from the vibration of pendulums ; from 
rarefadion and condenfation ; from the different fpecific 
gravities of bodies.; and from the divifibility of matter 
into parts. 

^ 1. Firft, there could !>e no linear or progrei&ve mo- 
tion witliout a Vacuum; for if all fpace. were foil of 
matter, no body could be moved qut of its place* for 
want of another place unoccupied, to move into. And 
this a^umeut was ftated even by ;XriKtetiuSr ^ 

1, he motions of Uie phuj^ets jmd^enmets idfb prove 
n Vacuum. A Thus, Newton aigue% t* that there is no 
ipch fluid medium as sether,'^ up the porous 

parts of ail fenhble bodies, and fo nudee afflenum}t 
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the ^plibiets and comets pro. 
dctei wm add throngb the 

f' fof*iience it a] 9 j^t¥thaf Uiofe'fcelcllial 

ornUjfthfible nftditeT. 

were ns dCftfe aS watir, or as ijuicknlv'er, they would 
refill almbfl as moCh or ^rc’kfifvel' j but if 

they were perfeAly dci^fe* without 'htiy intCrfperfcJ 
vacuity, though the mattef^wtre^^fd fluid and fubtle, 
they woirtd refill moretlian tjufckfilver dbes : a perfeflly 
folid globe, in fuch a medhim, tvould^Iofe above half 
its motion, in moving 3 lenWhSof its diahieter; and a 
globe not perfcdlly foKd, uich as the bodies of the 
olanets and comets are, would be flopped ftill fooner. 
Therefore, that the motion of the planets and comets 
may be regular, and lafting, it is neceffary that the 
celtftial fpaces be void of all matter; except perhaps 
fomc few and much raiefled effluvia of the planets and 
comets, and the puffing rays of RghtJ* 

3. The (hmc great author alio deduces a Vacuum 
from the conlideration of the weights of bodies 4 thu.3 : 
** All bodies about the earth gravitate towards it ; and 
the weights of all bodies, eqiiauy diftaut from the eartli’s 
centre, are as the quantities of matter in thofe bodies. 
If theiether therefore, or any other fubtile matter, woe 
altogether deftitutc of gravity, or did gravitate lef* than 
in proportion to the quantity of its matter ; becaufc 
(as Ariftotic, Defcartes, and others, argue) it differs 
from other bodies pnly in the form of matter ; the 
fame body might, by the change of its form, gradually 
be converted into a body of the fame conllitution with 
thofe which gravitate moll in proportion to the quantity 
of matter : and, on the other hand, the hcavieil bo- 
dies might gradually lofe their giavlty, by graduallr 
changing their form; and fo the weighta would depend 
upon the forms of bodies, and might be changed with 
them ; which is contrary to ^l experiment.” 

4. The df-feent of -bodies proves, that all fpace is 
not equally full ; for the fame author goes on, “ If 
all fpaces were equally full, the fpccific gravity of that 
fluid with which the region Of the air would, in that 
cafe, be filled, would not be Icfs than the fpecific gra- 
vity of quickfilvcr or gold, or any other the moft denfe 
body ; and therefore neither gold, nor any other body, 
could defeend in it. For bodies do not defeend in a 
fluid, unlcfs that fluid be fpecificBlly lighter than the 
body. But by the air-pump we can exhauft a veflcl, 
till ?vert a feather ffiall rail with a velocity equal to that 
of gold in the open air ; and therefore th^ medium 
throuA which this feather fails* muft be much rarer 
than that through which the gold fells in'^the othrr 
cafe. The quantity of matter therefore in a given fpace 
maty be dlmimflied 'by rarefedlon: and why may it 
not be diminiflied ad infinitum i Add, that we con- 
ceive the folid pardekaof all bodies* to be of the feme 
denflty ; and that they are only ranrefiaWe by means^ot 
their pores; a^d hence a Vacuum evidently foHou'^ 

. t, Thai there is a Vacuum, is evident too from 
the vibrations of penfltdainii : foe fince thofe bodici* 
in .pWs out of the bir is 0 ^^ 'T • 

nft refiflin«»tp retitt4 their pnotun^ ^ 
vibrates H is evident that there ^ 

tef'lo tho^ rpaccii car Jn A«vpce<Bt pores of 

bodies.*^ ' ^ 6.Th3t 
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: there are jn‘erfp«rfed wcuitfeo, 

t' 8 being aauaUy divided into partf. and 


6. That 

from matter » pcing aauauy a.vidcd into parts, ami 
from the figures of thofe parts ; for, on ftippofiiion of 
an abfolutc plenum, we do not conceive how any part 
of matter could be a^ually divided from that next ad 
joining, any more than it is poflible to divide addually 
the parts of abfolute fpace from one another- for hv 
the a^ual divifion of the parts of a continuum from 
one another, we conceive nothing elfe uiulcrflood. hut 
tiie placing of thofe parts at a dillauce from one nnothcr 
which in the continuum were at no didaiiec fiom one’ 
another: but fuch divifions betweenthe pans of matter 
mud imply vacuities between them. 

7. As for the figures of the parts of bodies, upon 
the fuppofition of a plenum, they rnud either be all 
redlilinear, or all concavo-convex ; otherwife tliev 
would not adeqiiately fill fpace ; which we do not find 
to be true in faft. 

8. The denying a Vacuum fuppofes what it is im- 
poffible for any one to prove to be true, viz, that the 
material world has no limits. 

However, we are told by fome, that It is impofllblc 
to conceive a Vacuum. But this fiircly mud proceed 
from tlieir having imbibed Defcartes’s doarine, that 
the efTence of body is condituted by extenfion ; as it 
would be contradiaory to fuppofe fpace without ex- 
tenlion. To fuppofe that there arc milds penetrating 
all bodies and replcni/hing fpace, which neither refid 
nor aa upon bodies, merely in order to avoid admitting 
a Vacuum, is feigning two forts of matter, without 
any neceflity or foundation ; or is tacitly giving up the 
«luedioii. ^ ^ 

Since then the edence of matter docs not confid in 
extenfion, but in folidity, or impenetrability, the uni- 
'crfe may be faid to confid of folkl bodies moving in a 
Vacuum : nor need we at all fear, led the phenomena 
of nature, mod of which are plaufibly accounted for 
from a plenum, fhould become inexplicable when the 
plenitude is fet afide. The principal ones, fucli as tlie 
tides ; the fulr^enfion of the mercury in the baiometcr ; 
the motion ot the heavenly bodies, and of light, kc, 

■are more eafily and fatisfadorily accounted h^r fioin 
other principles. 

Vacuum Botleanum^ is ufed to exprefs that approach 
to a real Vacuum, which we arrive at by means of the 
air-pump. Thus, any thing put in a receiver fo ex- 
hauded, 18 faid to be put in vacuo : and thus mod of 
the experiments with tlic air-pump are faid to be per- 
formed in vacuOf or in vacuo Bothano* 

borne of the principal phenomena obferved of bodies 
01 vacuo, Jtc ; that the heaviell and lighted bodies, 
as a guinea and a feather, fall licyc with equal vclocitv ; 
■^that fruits, as grapes, cherries, peaches apples, 
for any time in vacuo, retain their nature, 
rcmnels, colour, &c, and thofe withered in the open 
Sir recover .r, . — 
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Sir recover their plumpnefs in vacuo : — all light and lire 
t^come immediately extind in v«'ic:iio:— -little or no found 
•s \eard from a bell rung in vncuo : — a bladder half full 
^ didend the bladder, and lift up 40 pound 

''^ightiq vacuo: — moft auiuials foon cxpiic in v.icuo. 

, "X ^xpmmcnls made in 1704., Dr. Derham ft)und 
‘^tanimala which have two ventricals, and no foramen 
bjr4«, dogs, i:ats, mice, &c, die in Icfs than 
counting from the fiiil exfudion : a 


mole ;n one mfomc , a bat li've.l 7 or 8. InfeA. 

miZt’’ tT *<-•. dead fo 'tt’ 

e ’i f •‘‘f'^l'enig left ,n vacuo *4 houra, tlicT 

■came to life again ,n the open air : fnalla continued^ 

—Seeds »ppeaifog much incommoded! 

^beed planted ,n vaciu. do not grow: Small bee; 

Ihro’.i ' ^"d aif lufhing 

rLfod"nf7'^'"‘‘’“ meicnry 

a Iviiul of fliowcr upon the leccivcr. and produces a 
great light in a dark room. ^ 

IS i! produce a perfea Vacuum , 
a. IS CMilciit fiom Its ftruaurc, and the manner of its 
noiking : in enedt, every exfiiaion only takes -away a 
part of the air ; fo that there is lllll fome left after any 
tiiiitc number of cxfoaions. For the air-pump has no 
longer any eflea but while the fpring of thc^air re- 
mimiing the leceiver is able to lift up the valves ( 
and v\hcn the rardadion is come to that degree, you 
can come no nearer to a Vaciuim ; unlefa pciliaps the 
air valves can be opened mechanically, independent of 
e Ipnng of the air, as it ibfaid they are in fome new 
improved air-puinps. 

Torricei/ian Vacuum, is that made in the barometer 
tube, bjU ween the upper end and the top of the mer- 
cury. This 18 perhaps never a perfed and entire Va- 
cmim ; as all fluids are found to yield or to rife in claflic 
vaoours, on the removal of the prefTurc of the atmo- 
V Tt - To^’RJCellian, and BAROMfcThK. 

1 • J r Hydraulics, Pneumatics, &c, is a 

kind ofhd or cover to a tube or vcffcl, contrived to 
open one ; but which, the more forcibly it is 
prcfTcd the other way, the clofer it fhins the aperture : 
fo that It either admits the entrance of a fluid into the 
tube, or vcficl, and prevents its return ; or permits it to 
cfcape, and prevents its re-entrance. 

Valves are of great ufe in the air-pump, and other 
wind machines; in w’hich they aic ufually made of 
pieces of bladder. In hydraulic engines, as the emboli 
oi pumps, they arc moflly of llrong leather, of a round 
figure, and fitted to fliut the apeiturcs of the barrels or 
pipes. Sometimes they arc made of tw-o lound pieces 
of leather cnclofcd between two others of brafs ; liaviiig 
divers perforations, which arc covered with another 
piece of brafs, moveable upw-ards and downwards, on 
a kind of axis, which goes through the middle of them 
all. Sometimes they arc made of bmfs, covered over 
with leather, and furnifhed with a fine fpring, which 
gives way upon a force applied againfl it ; but upon 
the ceafing of that, returns the Valve over the aper- 
tuie. See Pump. Stt alfo Defaguliers' Exper. Plnlof. 
vol. 2, p. iy 6 , and p. i 8 o. 

VANh, ill a fliip, 8 cc, a thin flip of fome kinrl of 
matter, placed on high in the open .lir, t ninirig eafily 
round on an axis or fpindle, and \ecrtd about by the 
wind, to fliew its diredion <jr coni jo. 

Vanes, in Mathematical or Pliilofophieal Inflru- 
ments, aie fights made to flide and move upon crofs* 
llavcf, fore-(lave<’, quadrants, i^'c. 

VAPOUR, in Metcoiology, a watery exhalation 
laifcd up cither by the heat of the fun, or any other 
heat, as fiie. Txc. Vapour is confitWred as n thin 
vcfielc of w'ater, or other liumid mailer, filled or inflate d 
w ith air ; which, being rarefied to a certain degree by 
the adlion of heat, afeends to fome height in the 
4 atn.o- 
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where it is fofpcndedj till it returns in 
form of rain,, fnow, or the like. An alTcmbUge of a 
number of particici or veficka of vapour, cuoftitutci 
what is called a cloudy * 

Some ufc the term Vapour indifFcrently, for all 
fumes emitted, ’either from moill bodies, as fluids of 
any kind ; or from dry bodies, as fulphur, &c. But 
Newton, and other authors, better didinguifli be- 
tween huntid and dry fumes, calling the latter txhala- 

tions, ' r I j • 

For the manner in <whkh Fapours are ratFd, and aj^wn 
precipitated, fee Cloud, Dew, Rain, BAROMETha, 

and particularly IiIvaporAtion. 

It may hue be added, with refpea to the principles 
of foliition adopted to account for evaporation, and 
largely illullratcd under that article, that Dr* Halley, 
about the beginning of the prefent century, feema to 
have been acrpiainted with the folvent power of air on 
water ; for he fays, that fuppoiing the earth to be 
covered with water, and the lun to move diurnally 
round it, the air would of itfelf imbibe a certain quan- 
tity of aqueous Vapours, apd retain them like falts, 
diflblvcd in water j and that the air warmed by the fun 
would fuftain a greater proportion of Vapours, as warm 
water will hold more diflblvcd falts j which would be 
difebarged in dews, fimilar to the precipitation of falts 
on the cooling of liquors^ Phllof* Tranf. Abr. vol. 2, 

P* ^^ 7 * 

Mr. EcleSi in 1755» endeavoured to account for 
the afeent of Vapour and e^chalation, and their fufpen- 
fion in the aimoiphere, by* means of the cledlric fire* 
The fun, he acknowledges, is tlie great agent in de- 
taching Vapour and exhalations from their maffes, 
s^hether heads immediately by hjmfelf, or by his ren- 
dering the clcdric fii-e more adivc in its vibrations : 
but their fubfequent afeent he attributes entirely to 
their being rendered fpccifically lighter than the lower 
air, by their conjundion with eledrical fire : each par- 
ticle of Vapour, with the eledrical fluid that furrounds 
it, occupying a greater fpacc than the fame weight of 
air, Mr. Eelesalfo endeavours to Ihew, that the afeent 
and defeent of Vapour, attended by this fire, arc the 
caufe of all the winds, and that they furnifli a fatisfac- 
tory folution of the general phenomena of the weather 
and barometer. Philof. Tranf. vol 49, pa. 124, 

Dr. Darwin, in 1757, publilhed, remarks on the 
theory of Mr, Eeles, with a view of confuting it ; and 
attempting to aceouiU for the afeent of Vapours, by 
confidering the power of expanfion which the con- 
ilituent parts of h)ine bodies acquire by heat, and alfo 
thatfome bodies have a greater affinity to beat, or ac- 
quire it fooncr, and retain it longer, than others. On 
thefc principles, he thinks, it is eafily uuderflood how 
water, whofe parts appear from the seolipilc tg be 
callable of immeafurabk* expanfion, (hould by heat 
alone become 'fpccifically lighter than the common 
acmofpheie. A fmall degree of heat is fufficlcni to 
detach or raife the Vapour of water from the niafs to 
which it belongs; and the rays of the fun communicate 
beat only to thofe bodies by which they are refraded, 
Tcflcded^ or obftruded, whpnc^, by their impulfe,* a 
motion or vibration is caufediji the patw of fuch bodies* 
Hence he infers, tliat the fpbericlea pf Vapour wlb 
by refrading the folar nys, acquire a conftani heat, 


though the ftwrolinding itrnuifpherc remain cold. If 
it be affied, how clouds' are fupported In tht* abrence 
of the fun ? It mud be remembered, that large mafles 
of Vapour muft for a confiderable -time retain much of 
the heat tliey have acquired in the day ; at the fame 
time refleding how fmall a quantity of heat was need'- 
fary to raife them, and that doubtlefs evtn a lefs will 
be fufficient to fupport them ; aS from the iliminifhed 
preifurc of the atmofphere at a given height, a Icfr, 
power may be aide to continue them in their prefent 
flute of rarefudion ; and laflly, that i fouds of paiiieuLu 
fliapes vvlll be fuflained or elevated by the motion they 
acquiie from winds. Philof. Tranf. vol. 50, p. 2^6. 

per the EfcB of Vapour in the F'ormation of Spring 
&c, fee Sprang, and Rivlr.^ 

The quantity of Vapour laifed from the fea hy the 
warmth of the fun, mufl be far greater than is communly 
imagined. Dr. Halley has attempted to eflimate it. Put 
the rcfult of his calculations, fee Evaporation, 
VARIABLE, in Geometry and Analytics, i^ a 
term applied by mathematicians, to fuch quantities as 
arc confidered in a Variable or changeable (late, cither 
incrcafing or decrealing. Tims, the abfeiffes and or- 
dinates of an ellipfis, or other curve line, arc Variable 
quantities; bccaufe thefe vary'or change their magni- 


tude together, the one at the fame time with the 
other. But feme quantities nwy be Variable by them- 
felves alone, or while thofe conneded with them arc 
conftant: as the abfeifles of a paiullelogram, whole 
ordinates may be confidered as all equal, ami therefore 
conflant. Alfo the diameter of a circle, and the para- 
meter of a conic fedion, arc conjlanty while their ab- 
feifles are Far talk. 

Variable quantities are ufually denoted by the lait 
lettersof the alphabet, &c ; while the conflant 

ones are denoted by the leading letters, a, h, c, &e. 

Some authors, inftead of V aruihle conjhnt rtuan- 
titles, life the terms fluent and Jlahk quantities. 

The indefinitely fmall quantity by which a Van’ahlc 
quantity Is continually incrcafed or dtcrcafed, in vciy 
finall portions of time, is called the difcnnijal, or vi> 
crement or decrement. And the rate of its increafe or 
dccrcafe at any point, is called its fiuxipn ; while the 
Variable quantity itfeir is called the fiucnf. Ami the 
calculation of thefc, is the fubjed of the new Methodus 

Differential^, or Dodrine of Pluxhns, 

VAHENIUS (Bernard), a learned Dutcii 
geographer and phyfician, of the laft century, ^'ho 
author of the bed mathematical treatife on Geogra- 
phy, Inlitled, Geogrdphia Univerfalts, in qua afleilione^ 
generalis Tellurls explicantur. This excdlcnt work n ^ 
been tranflated into allJanguageS, and was honoured 
an edition, .vyith Improvements, by Sir Ifaac ^ewto! , 
for the ufc oHis academical ftudents at Cambridge. 

VARIATION, of ^tantiiies fin Algebra, 
Changes, and Combination. ^ . r.i. 

Variation, in AftVonomy.— Variation oj • 
. 3 /o«,., caUe 4 liy'BuDiald, the Rrjham of pr 
is the third; inequality obferved in the moon s mo » 
by which, when out of the quadratures, true p 

d{ffer^ froa\ her place twice equated. Sec fi- » 

'^cw(oa makes the moon’s variati^^^ to 

from the form "of her orbit, which Is an tlbpi 
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partly from , the inequality of the fpaccs, which the 
moon ifcnbes in equal times, by a radius drawn to 
the earth. ; 

To find fh Greateft Variation, Ohferve the moon’s 
longitude in theodants; and to the time of oofiTvatioii 
compute the moon’s place twice cqnatt<\ ; then the dlT 
feiencc between the computed and obiVrved place, is 
the greateil Variation. 

l‘ycho makes the greattd Variation 40' 30'' ; arJ 
Kepler makes it 51' 4'}". — But Newton makns tlic 
greatcil Variation, at a mean diilance between the fuii 
and the earth* to be 35' 10": at the. other dillanas, 
the grcatcft Variation is in a ratio compounded of the 
dn])licate latio of the times of the moon’s fynudienl 
1 evolution diredly, and the triplicate ratio of th.t dif- 
tance of the fun from the earth inverfely. And therefore 
in the fun’s apogee, the grcatell Variation is 33' 14^', 
and in his perigee y/ it"; provided that the eccen- 
tricity of the fun be to the tranfverfe femidiameter of 
the orbismagnus, as i6JJ.to lOOO. Or, taking the 
mean motions of the moon from the fun, as they are 
Hated in Dr. Halley’s hibles, then the gteateft Varia- 
tion at the mean diilance of the caith fiom the fun will 
be 7'^ in the apogee of the fmi 3 3' 2;'', and in 
his perigee 36^ 5 1". Pliilof. Nat. Prlnc. pi. 29, lib. 3. 

Variation, in Geograjdiy, Navigation, &c, a term 
applied to the deviation of the magnetic needle, or 
eompafs, from the true north point, either towaids the 
call or well t called alfo the declination. Or the Varia- 
tion of the compafs is properly defined, the angle which 
a magnetic needle, fufpended at libeity, makes with 
the meridian line on an horizontal plane ; or an arch 
of the horizon, comprehended betw'een the true and 
the magnetic meridians. 

In the fca-language, the Vaiiatipn is ufually called 
tiorth-eqflingy or north- 'we/ling. 

All magnetic bodies arc found to range ihemfclveF, 

111 fomc fort, according to the meridian ; but they 
leldom agree prcdfely with it; in one place they de- 
cline, from the north toward the tall, in another 
toward the weft ; and that too differently at difl'creiit 
times. 


18 at prefent knov n of the fnbieft, at leaft the moft 
lemarkable pans of it, n,ixca itowevor w.th « m>od 

•ind '‘"'c ‘"“g'lttic attMition, 

ihr ‘i; “f ll'nt power to iron, the 

< ircunc propni, of the mafftu-t, ni well a« of 

the lion that h.is hotn louduii l,y It, an.) ovon tlif dc- 
. .nation of the .„a,;nctie ncejl., a.e eU'a.ly an,) a,,. 
ccpMviwily inctitijiiul it. 

l-.'r'' '■'< dllTcent plaera, Conval.-s 

.1 I "'H none ,,t the A/oi.'s; f.-om 

tu lit t ,11 .u o ’1 I n flioii dit lit in tli .i in.ips 

tiu lull nu i;di.,n palp thi oijgij one of rhefe id.tnds • 
It not bnnr if,,;, LnoAu il,,c ij,e Va.ution altered m* 
turn. S.c M/i.m I ; .ilio (blbcir Dc Magntte, Loud. 
jf>ro, p. 4 ',;h 1 3 ; 01 Pnehas’s Pilgrims, l.ond. r6j:, 
book r, Itrt. f. ^ 


V.aiiors :iK- ilu hyjxithcfes that have been framed to 
.liTomii tor tliis cxtnioulinaiy phenomeiiun : we (h.ill 
only notice tome of tlic latter, and mote prolyulde * 
jiilt prcmmng, ihr t Robert Norman, the Inventor of 
the Dipping needle, dlfputes againfl Coilea’s notion, 
that the Vanation wa.fl caufed by a point in the heavens; 
contfiiding that it Hionld be fought for in the cartli| 
and pn)pofes how to dficover its place. 

'I he firll is that of Gilbert (De Magnele, lib. 4, 
p. IJI 8^c), which is followed by Cabcus, ^c. Thta 
notion is, that it iy the curtb, or land, that draws the 
needle out of its meridian diredtiou ; and hence they 
argue, that the needle varied moic or lefs, as it was 
more or lefs dillant from any great continent; and 
confequcntly that if it were placed in the middle of art 
ocean, equally dillant from equal trai^f s of land on each 
fide, caflward and wcllward, it would not decline cithcil 
to the one or the other, but point exadly north and 
fouth. Thus, fay they, in the Azores iflandi, which 
are equally diflant fi om Africa on the call, and America 
on the weft, there is no Variation ; hut as you fail from 
thence towards Afilca, the needle begins to decline 
toward the eaft, and that Hill mote and mote till you 
icacli the ftiore. If you piocced ftill farther eaftwurd, 
the declination gradually diminifhes again, by rcafoii of 
the land left behind on the weft, wliiclj continues to 


'Phe Variation of the compafs could not long remain 
a feerct, after the invention of the compafs itlelf ; ac- 
cordingly Ferdinand, the fon of Columbus, in his life 
writteji in Spanlih, and printed In Italian at Venice 
'a 1571, afterts, that his father obferved it on the 14th 
September I49ra : though others feem to attribute 
the difeovery of it to Sebaftian Cabat, a Venetian, 
employed in the fervice of our king Henry VI J, about 
the year 1500. — It now appears however, that this 
Variation or declinatlou of the needle was known c\en 
fome centuries earlier, though it does not appear that the 
tjfc of the needle Ilfelf in navigation was then known, 
For it feems there is In the library of the univeriiiy of 
|-eyden, a fmall mamifcript trafl on the Magnet, in 
Latin, written by one Peter Adfiger, l>earingdate the 
8th of Auguft 1*69; in which the declination of the 
needle is particularly mentioned. Mr. Cavallo has 
printed the chief part of this letter in the Supplement 
to his Treatife on Magnetifm, with a tranflatlon ; and 
1 think it is to be wi^cd he had printed the whole of 
^ curious a paper. The curiofity of this letter, fays 
Ml. Cavillo, conTiHs in its containing almoft alt that 


draw the needle. The fame holds till you arrive at a 
place where the tracts of land on each fide are equal ; 
and tlurc again the Variation will be nothing. But 
the mibfortuuc is, the law docs not hold uuiverfally ; 
for multitudes of obfervations of tlic Vaiiation, in dtf. 
ferent parts, made and collcdcd by Dr. llullcy, over- 
turn the whole theory. 

Oihcis tliercfoie have recourfe to the frame and 
compages of the c.irtb, conlidercd as inltifpcrfcd with 
rocks and fticbcs, whicli being gcncially found to run 
towards the polar regions, the needle comes to have 
a general tendency that way ; but it feldora liappcns 
that their dirc6\ion is exai^ly iu the meridian, and the 
needle has confcquenily, for the moft part, fome Va- 
riation. 

Others hold that divers paits of the earth have dif- 
fcient degrees of the magnetic virtue, as fome are more 
intermixed witli heterogeneous matters, which prevent 
the free adion or effed of it, than others arc. 

Others again afenbe all to magnetic rocks and iron 
mines, whidi, affording more of the magnetic matter 
than other parts, draw the needle more. 

4 M 2 LaOly, 
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iowgin* w high fa«Bnti 6 ri«itb. 4 i £brfii[W/tlo«,sV*en!iV.w!a,beg,'i, 

A«», hiwdsaudwd iSdidinfawtdffeviisJ co»fi<ler»ble to prowdiiloww MdiJbwdt.otift. tt^ka^h it h^, 
paM<of tte- <|»i«h< «nd fa £ha%(Sif fthi magnetw axis eonle aationwy.wnd dad: fo, return hok 

fStlirgWjs, whfth wdtoidgioaUftKe faoieWichthe aj^Io. .tlieudloy8Hfla«etJr,(TOl. j, 

jwiswf/thelcaith'itWft • ■ , P*' ‘3^.-1' ' \ 

-®UKn#Mctabtfi «h*otJe» danbethe thieonet fer Dr. Halley hai given a new fyttefn, the etfuh.of 
..fWhthatibreat phenomdndBj the Fdrkiiw tf tfxf'Fadi- . numarotie o|>rervack»ii and eveiyofaToudihir of voj-a^cs 
irtwn, i,e. ikejcahtiowl ehange'dfthadoclJnarioBi In madeit thepublioeipencolontluaatifoiiot. The light 
oneiadd the fame place, is not^icdowitable fov. on any which tbis-amhor has thwwp upon this, obfeure part 
of thefe foundations, nor « it even confiftcnt with of natural hillory, w very great, and ot unpoiunt 
1 ,< ■ ' ‘ • confcquencc itt navigation^ &c. lU this fyftm he has 

Doaor HookcqmmunloatiKrto the Royal 'S6e?ety, rcdilced thcfeveral Variations in dlrera piacte to a pre- 
in 1674, a theory of 'the Vaiiationj the fubftance of cifcrulc, or order, which btiore appeared all precarious 
whhfh iRy that the majsrwt has ftn peculiar pole, diftant and arbitrary. v 

la ‘derrees* from the 'pole ofthe earth, abcrilt which it Hi# theory will therefore doferve a more ample detail, 
moves, fo as to make a ic\clution in 370 yeart: The obfertatioos it is built upon, as laid down 10 the 
w^hence the Variaticni « he • fays, has altered tof late Philof. Tranf. niimbcr 148, or Abr. vol. a, p. 610, are 
about 10 or It minutes ekry year, and will probably as follow: 
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Ohferved Fartationt of ths Needle in divers places ^ and at divers times. 


Places ObferVed at.' 

Lonigituile 

from 

London 

Latitude. ' 

Ye.ifof 

Ubfer- 

vation. 

Variation 

obferyed. 


• , ' 

0. 1 


0 / 

London • - - 

0 C 

5 « 3 'n 

1580 

11 15 c 

' ' 


1022 

6 0 c 

^ j ' • ♦ ' 



1634 

4 5c 

* 



1672 

2 30 w 

Paris - - - • 



1683 

4 30W 

2 256 

48 51 n 

1640 

3 0 e 



1666 

0 0 




1681 

2 30W 

Uraniburg • • 

13 oe 

55540 

1672 

,2 Sjw 

Copenhagen 

12 53 c 

;5 4 in 

1649 

I 53 e 




1672 

3 45W 

Dantzick - • 

19 0 € 

54 * 3 " 

1679 

7 0 w 

Montpelier - - 

4 0 e 

43 37 « 

1674 

I lOW 

Bred - . . 

4 * 5 " 

+8 23 n 

1680 

I 45 w 

Rome - J - 

13 oc 

M son 

1681 

5 0 w 

Bayonne - - 

r 20W 

43 30 ” 

1680 

I 20 W 

Hndfon's Bay • 

79 40W 

yi on 

1668 

19 I5W 

I;i Hudfon’s \ 
Straits - j 
Bcfliii’s Bay, 1 

57 ow 

61 QD 

1668 

29 30 w 

Sir T. Smith’s > 
sSound - - J 

80 ow 

78 on 

1616 

57 ow 

At Sea » • - 

57 ow 

38400 

1682 

7 3 ®''^ 

At Sea - - - 

31 30W 

43 50^ 

1682 

5 30W 

At Sea - - - 

42 ow 

21 on 

1 1678 

0 40 e 

Cape St. Au« *) 
giiftine - - } 

35 30W 

28 0 5 

5 16/O 

5 30 e 

Off the mouth I 
of River Plate J 

. 53 ovf 

39 SOi 

1 1670 

20 30 e 

Cape Frio • . 
Entrance of S 

41 lOW 

22 40 S 

1 1670 

12 10 c 

Magellan’s > 
Straits - - J 

68 ‘OW 

^2 30 S 

I 1670 

t; ® « 

Weft Entrance 1 
of divto . ‘ J 

75 0^ 

53 l. 0 * 

1 1670 

J4 e 



Longitude 

Year of 

Yai lation 
obferved. 

Places obferved at. 

from 

Lendon. 

Latitude ( 

' 

)bfcr- 

ration. 


0 / 

0 / 


0 f 

B^divia - - 

73 OW 

40 0 s 

1670 

8 10 ( 

Cape Aguillas - 

16 30 c 

34 50* 

1622 

2 0 w 



1675 

8 ow 

At Sea • - • 

I oe 

34 30 » 

1675 

0 0 

At bea - - - 

20 ow 

34 0 8 

1675 

10 30 e 

At Sea - - - 

32 ow 

24 08 

1675 

10 30 t* 

St. Helena - - 

6 30W 

16 0 8 

>6771 

0 40 e 

Ifle Afcenfion - 

14 30W 

7 50 s 

1678 j 

1 0 c 

Johanna • * - 

44 oe 

12 15 81 

T675 

19 30W 

Mombafa ^ - 

40 0 c 

4 0 8 

1675 

16 0 w 

Zocatra - - • 

56 0 e 

12 3on 

1674 

17 0\\ 

Aden, Mouth 7 
of Red Sea J 

47 30 e 

13 on 

1674 

15 V ow 

Diego Roiz - - 

61 0 e 

20 0 6 

1676 

20 30 W 

At Sea - - - 

64 30 e 

0 0 

1676 

1; 30 »■ 

1 At Sea - - w 

53 oe 

27 0 8 

1676 

24 ow 

Bombay - - - 

7a 30 e 

19 on 

16^6 

12 0V\ 

Cape Comorin - 

76 oe 

8 i5n 

1680 

8 4HW 

Bailafore - - 

87 0 e 

21 3on 

1680 

8 10 W 

Fort St. George 

80 oc 

T3 ijn 

1680 

8 10 w 

Weft Point of 7 
Java - - J 

104 oc 

6 40 8 

1676 

3 

At Sea - - - 

58 0 c 

39 0 8 

1677 

27 30 W 

1 . St. Paul - . 

72 oe 

38 0 8 

1677 

23 30 w 

At Van Diemen’s 

142 0 e 

42 258 

1642 

0 0 

At New Zea* 1 
land J 

170 oc 

4050 8 

1642 

9 0 c 

Three - kings 1 
Ifle in ditto j 

169 30 c 

34 35 8 

1642 

8 4^^ 

L Rotterdam in 1 
the South Sea J 

184 oe 

20 15 8 

1642 

6 10 ^ 

Coaft of New 1 
Guinea - - / 

149 Oft 

4 30 8 

1643 

8 4 !‘ 

Weft Point of 7 

126 oe 

0 26 8 

1643 

5 3 °' 

ditto - - J 


1 

- — " 


Upon 
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' Dr. Halley m«k«3 

BMUo,thw<VanaUoia) in 'differeot<payts 

fha'iiWTli^tSebc.tiwe of hia Wntio^f, eal^irard and 
diUdion of the Umb 
or places of no Variation ; from the *vhole he deduces 
the fblbflrikJa rhe^^y . ^ ■ 

Dr. Ha^f Tbewfy ilft Vati/tiion cf the NcetSe, 
Thht Ihc whole globe of the earth is one great magnet, 
liaring fbor magnetieal polea, or points of alti*a6^ioa ; 
near each pole of the equator two ) and tliat in thofe 
partt of thoi world which lie^iiearly adjacent to any ore 
of thefe magnfftic poles, the needle is g^ovemed by it ; 
the neayeil pole being always predominant over die 
more remote. 

The pole which at prefent is neareft to us, he con* 
jefturcs to lie in or near the meridian of the i^andVend 
of England, and not above from the nort‘. pole: by 
‘ this pole, the Variations in all Euiope and Tartary, 
and th#* North Sea, are cliit fly governed ; thuiigli (lill 
with fome regard to Jic other northern pole, whofe 
iituation is in the meridian paffing about the middle 
of California, and about i from tbe north pole of 
the world, to which the needle habchiifly rtl'ped in all 
North America, and in the two oceans on cither fide 
of it, from the Azoiea w’cftward to Japan, and further. 

The two fouthern magnetic poles, he imagines, are 
rather more didant from the fouth pole of the world ; 
the one being about ib® from it, on a meridian 20*^ to 
the weftward of the Magellanic Streights, or 95® well 
from London ; this pole con]mands the needle in all 
South Americjt, in the Pacific Ocean, and the greatell 
■part of the Ethtopic Ocean. The other magnetic 
pole feems to have the greateft power, and the largell 
dominion of all, as it is tlic molt remote from the pole 
of the world, being little lefs tlij^n 2c® dillaut from it, 
in the meridian wdiich pafl'cs through New Holland, 
:iTid' the ifl^nd Celebes, about 120® call from Lon- 
don : this pole is predominant in the fouth part of 
Africa, in Arabia, and the Red Sea, in Perfia, India, 
a.id its iflands, and all over the Indian fea, from 
the Cape of Good Hope eaftward, to the middle 
of the Great South Sea that divides Afiu from Ame- 
rica. 

Sl' :h> he obferves, feems to be the prefent difpofi- 
tion of the magnetic virtue thoughout tlie whole globe 
of tlie earths It is then diewn how this hypolhelis ac- 
counts for all the Variations that Iwue bcciiobfcrvcd of 
late, and how it anfwcrs to the Icvcial remarks drawn 
from t* <' table. 

it- is there inferred that from the whole it appear?, 
that ihe ‘ diredlion cf llic needle, in the tempeiate 
and frigid zones, depends chiefly upon the counti i- 
poife of the. forces of two magnetic poles of the fame 
nature : as alto why, under the fame meridian, the 
Variation fliould be in one place 2^^ degrees welt, 
and in another zef degrees eaft. 

In the torrid zone, and particularly about the equa- 
tor, refpea muft be had to all the four poles, and 
their portions muft be well confidered,* other wife »t will 
not be caiy to determine what the Varialion fhould be, 
the nearefr pole being always ftrongeft ; ytt fo 
ever as to be fometimes couiitcrbalanccd by the ^jted 
forces of (Wo m^ re remote ones. Ibus, in failing 
from 81; Helena, by the ifle of Afeenfion, to tbe 


cquht^, on tbe^north^wed courfe, the Vination U 
very Imle eaderly, . und onakcitbile. Jn . that 
track; banufc the South. Americaa<pok (whi^ is 
much the aeaicft in the afoi-efaid |^ai)cs)» .inEk)puriiig » 
great eaflerly vanatton, is eouotb^ifed^ by tlit con- 
trar)' aitratjjon ot the North' American, and tltc AGatic 
tomb pojta.; each of which .fingly is* in thele fMucti, 
weaker . than the American fouth p^t ( and upon 
, the north-wed cowrie the .didioc^ this kUer it 
verv little vai icd; and as you recede from tlic Afui- 
tic fouth pole, the balance is iHll preferved by an Re* 
c^fs towaids the North-Amcricsn pole. In tills cafe no 
notice is taken of the European inirth pole j its meri- 
dian being a little removed fnim thofe of ibefe places, 
and of iticlf sreqairing the ftiinc Variations which arc 
heie found. 

After the fame manner may the<, Variations in other 
places about the equator be accounted for, upon Dr. 
Halley's liypothehs. 

To ohjitv: the yanatim of the NeeJ/e* Draw a me- 
ridian line, as direi^ed midcr M8 rii»ian ; then n ftlle 
being eredted in the middle of it, phice a needle upon 
it, and draw the right line which it hangs ovii. 
Thus will tile quantity (jf the Variation appear. 

Or thus : As thii former method of finding the Va- 
riation cannot be applied at fea, others have liven ije- 
vifed, the principal of which arc as follow. Surpend 
a thread and plummet over the coinpafs, till the Iha- 
dow pafs through the centre of the card ; obfeivc tlu 
rhumb^ or point of tlie compufs which the lhadpw 
touches when it Is tlic fliortefl. For the flindovv'^i. 
then a meridian line; and confcqueiuly the Variatiu-i 
is (hewn. 

Or thus ; Oblervc the point of the rompafs upon 
w'hich the fun, or fome lUi, lift*, and lets; blhtft tin 
arch intercepted between the lifing an 1 fetting, and 
tlie line of bife<5tion will Ik* the inoildian line; ’con- 
fcquently the Variation is li.id as bei’oie. 'Fhe hn i'* 
may alio be ohtainerl fiom tuo equal aii’tiidcs of liu* 
fame iUr, obfe'rved eitlier li) dtv or niglit. Or llui*. ; 
Oblcrve the iliuinb upon vhitn the luu 01 liar nf . 
and fets; and fiom llw luit'ui. (U tin* p) ice had tl 
callern or ucliirn .unpliln h lo the d'liciein:e be 
tween tlie amplitude, and the .h.'huKC (.1 ilie rliumb 
obferved, fiom theca lent ihiiinh of the card, is tni- 
Variation fought. 

Oi thus: Obferve the alrt i lc liiC fuu, or fou e 
flar y, whofe dtchnai iii lo 
known ; and note tliO ii un h 

in the compafs to v. !n.h it ' j* 

liien correfponds. 'i'iien in V / 
the triangle ZFS, air 1. 1 ov n ^ 

three lidcH, viz, P’/> the eohi- 
titude, rS the codei hna.ion, 

and ZS the eoallitude ; tlie a-ede T/ ^ is thenro 
found by fplurical tugoiionniM' t ihc InppiPirKftl 
rvhich, viz AZS, I) the a/iijiuh fioiu tin. fouiii 
Then the difTueiiec Iiriwccii ^’c' a/iucitli and the uh* 
ferved diftaiicc of t! ^ ilui ..!) ' oin tlic fouth, is the 
Variation fought, A'u,ni>>h Com** A ss. 

The ufe of' the Vaiirftiiii is to corrccl the couif -A 
a (hip has fleered by the compafs, which irmd 
always be doiiC before ihe-y aru worked, or calcu- 
kted. 
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’ITiWHitWjfy tit WiiiiKitM 1^“®* 
tiawid«totfg«'fa tb^VhffcitiM'toRrved #07 place, 
by Wlii«h we duttitity pf 4e VeriWioil m found to bfr 
duferentlwrdifiwettt ttme«< _ . . ., 

This Variation,! according t6 Henry Bond (whu 
tutghutkfoum/, X«nd. 1670, pa. 6) ■“ was M found 
t» 'dccrertfe liy Wn John Mair-j 2dlyi by Mr* Eo- 
Bi^d Gufittf : by Ma« Henry Gcllilnrand; 

4thWj by n^yfelf (Henry Bond) in 1640 ; and laftly, 
by Dr. Robert Hook) and othcrS) in 1665 which 
they foiind dut by comparwiK together obfervations 
made at the fame place, at different times. The dti^ 
cotery Was foon known abroad; for Kircber, in his 
tr^atile intitled Magnes, firft printed at R(^c in 
i64frfayB th«rt our cotmfrymati Mr. John Greaves 
had informed him of it, and then he gives a letter 
of ’Merfenne’s, containing a diflina account of it. 

Thia contirttral change tti the Variation, is gra^ 
dual and iiniverfaJ, as appears by numerous obfervations. 
Thus, th«i Variation was, 

At Paris, according to Orontius Finseus, 
in 1550 
in 1640 
in 1 660 
.in 1681 
in 1759 
in 1760 

M.De In Latidc (E«pofitIon du Calcul Aftrononiique) 
obfdrvcs; that the Variation has changed, at Paris, 
56® 20' in the fpacc of 150 years, allowing that m 
i6to the Variation was 8® Ej and fince 1740 the 
necdlei which was always ufed by Maraldi, is more 
than k^ ndvartced toward the weft, beyond what it was 
at ihat period ; which is a change after the rate nearly 
of jWr year. 

At,, (Japed Agulhas, in 1600, it had no Variation j 
(wlifencc the Portuguefe gave it that name) ; 

. ! / in 1622 it was 2®W. 

in 1675 
in i6gi 

which: is a change of nearly 8' per year. 

At a. Helena, the Variation, in 1600 was 
in 1623 

’ in 1677 

in 1692 • 

whldii!il a change of nearly 5'i per year. 

At Cape Comorin, the Variation, 

^ in 1620 was 14® 20'W. 

in 1680 - 8 44 W. 

in x688 - 7 30W. 

which is a change of nearly tf 4 per year. 

At London, the Variation, in 1580 was 11® 15' E. 

« in 1622 - 0 o E. 

in 1634 • 4 S E. 
in 1657 -00 
in 1672 - 2 50 W* 

in 1692 • 6 o W. 

in 1733 • 14 17 W. 
in 1747 • *7 4® W, 
ia 1780 • 33 41 W. 


8 W. 
11 W. 


o'E. 
o E. 
40 E. 
oW. 


whifk k « c*J3ngl afticf the cfrfi!.of . to',|er year, 
a courfe of exa^Uy 200 ycaits. .. See Philofi Tranf. 
No. i48.<and Noi-sSt* or. Abr,i,ifol. 2, p. 615, and 
vdl, 7, p. ago ; and PBdlof. Tmnli,yol.45,p. 280, and 
vol. 66» p* 393* . On thefubjedpf the Variation, 
alfo Norman’aNew Attr361ivc.i6r4; Burrows’s Dlfco 
very of the Variation 1581 ; -Bond’s Longitude found, 
1676; &c» 

Mr. Thomas Harding, iathe Tranfadions of iIk- 
Royal Irifb Academy, vol 4, l^s given obfcrvniiuns 
on the Variation of the magnetic needle, at Dublin, 
which are rather extraordinary; He fays the cliangv.* 
in the Variation at that place is unifoi m. That from 
the year 1657, in which the Variation was iituhing 
(the fame as at London in that year), It has been goi ig 
on at the medium rate of 12' 20" annually, and was 
in May 179*, 27* 2 3' weft : exceeding that at London 
now by 3 o»- 4 degrees. He brings proof of his alhi • 
tion of the uniformity of the Variation, from diffcicnt 
authentic records, and ftates the operations by which ir 
is calculated. He concludes with recommending ac- 
curacy in marking the exllling Variation when maps 
are made, as not only conducing to the exadl definition 
of boundaries, but as laying the bed foundation fui a 
difeovery of tlie longitude by fea or land. 

Theory of the Variation of the Vat ia tion. Acco’ding 
to Dr. Halley’s theoiy, this change in the Variation 0: 
the compafs, is fuppofed owing to the difference of velo- 
city in the motion^ of the internal and external paits 
of the globe. From tie obfervations that have been 
cited, it feems to follow, that all the magnetical polts 
have a motion weftward, but yet not exaftly round the 
axis of the earth, for then the Variations would conti- 
nue the fame in the fame parallel of latitude, contraiy 

to experience. . 

From the difagreement of fuch a fuppontion with 
experiments therefore, the learned author of thetlieoiy 
invented the following hypothefis : The external parts 
of the globe he confiders as the (hell, and the internal as 
a nucleus, or inner globe ; and between the two he con- 
ceives a fluid medium. That Inner earth having the 
fame common centre and axis of diurnal rotation, mav 
revolve with our earth every 24 hours ; Only the oiner 
fphere having Its turbinating motion fomewhat fwiher 
or flower than the internal ball ; and a very minuic 
diffeiencc in length of time, by many repetitions, be- 
coming fenfible ; the internal parts will gradually recede 
from the external, and they will appear to movt, 
either eaftward or weftward, by the difference 0 

their motions. . .1 

Now, fuppofing fuch an internal fphere, havin^. 


a motion, Ac two great difficulties in the K 

poth^s are eafily folvcd j for if this ^ 

earth be a magnet, having its pole at a diftan c f^^^ 
the poles of diurnal rotation; and if the 
nucleus be likewife a magnet, haviag its po e 
other places, diftant alfo from the axis ; de 

ter, by 4 ftow gradual motion, change P 
refpeft of the External, a reafonable 
be given of the four magnetical poles before 
and alfo of the changes of the needle * 

The author think, that two of tl^fe 
and the other two moveable ; that tnc j 
arc the poles of the eitcro^ cortex or ^ 



tA* j , 

ructu«,1adt«led and moViabl^fthin^he'LXrFro^^ wav »1 
the obfcrvatibns he itifei'4, that the motion i« wcftwards, Thefc 
an J confcaiiefttfy , that the nucleus has not preciTcly twice i 
attained the famfc' velocitjr with the exterior parts in as Mr. 
their diurnal rotation ; hut fo very nearly equals it, that MrJ 
in ^6) revolutions ihe difference is fcarcely fenfihle. the foil 
That there is any difference of this kind, arifes from of tlie 
hence, that the im|iulfc by which the diurnal motion creafe 

was impreffed on the earth, was given to the external while i 

parts, and from thence in time communicated to the for both 
internal t but fo ns not yet pcrfeftly to equal the velo- is e\idi 

city of the fiifl motion imprtffed on the fupeificial earth i 

parts of the globe, and ftill preferved by them. fide of 

As to the precife period, obfervatious are w^anting north ci 
to determine it, though the author thinks we may rea- pairs he 
fonably conjc(^\ure that the American polo has moved tfie well 
wtllwaid 46^^ in 90 years, and that its whole period is the ahhi 
performed in about 700 years. pg,, 

Mr. Whifton, in his New Laws of Magnetifm, nicridiai 
raifes feveral objeiSlions againft this theory. Sec Mao- w ill be I 
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part of the afternoon ; 5 iIfo when it moves mticheithef 

. . fcMom happrn marie than one* or 

Vf with an aurora bcn«alt«. ' 

•‘y esperiment, 

•! pniti-'iplci vw, that the attra^lre power 

of the magnet (wliether natural or artificial) WiU dc 

whil ? l>c.iting, and incttafe 

t i» cooling. He then proiiccila to account 


and irregular Variation. 


• •! , ^ vuiiaiiiuria IL 

ts e\ident, he fa>':, that the magnetic pints of the 
cart i in the north, on the call fide, and (\n the well 
^Hle ot the magnetic meridian, equally atiiad the* 
north end of the needle. If then the eallern magnetic 
pairs he heated fafler by the lun In the moining, than 
the wdtern parts, the needle will move wellward,' 4nd 
the abrohitc Variation will iiu reafe ; when the attrafl^ 


M. Euler, too, the fon of the celebrated matbe- 
maticlan of that name, has controverted and cenfured 
Dr. Halley’s theory. He thinks, that two magneric 
poles, placed on the fiirface of the earth, will fuffiui- 
ently account for the Variation : and he then endea- 
vonis to ihew, how we may determine the declination 
of the needle, at any time, and on every part of the 
globe, from this Iiypothcfis. For the particulars of 
this reafoning, fee the Hiftoire dc PAcademie dcs 
Solences 8 c Belles Lettres of Berlin, for 1757; alfo 
Mr. Cavallo’s Treatlfe on Magnetifm, p. 1 17, 

ariation of the Needle by Heat and There is 

a finall Vaiiatioii of the Variatien of the magnetic 
needle, amounti ng only to a fe^ minutes of a degree 


mg parts of the earth on each lidc of rhe magnetic 
meridian have tlieir heat iiierealing equally, the ivecdU 
will be llationary, and the abfoliite Variation wlU then 
be gieated } but when the wednu magnetic parts arc 
cither hearing fafler, or cooling (lower, than the 
(Mllern, the needle will move eallwaid, or the abfoluie 
Variation will decreafe ; and when the eallern and 
wellcrn magnetic parts arc cooling equally fall, the 
needle will again be llaliouaiy, and the abfolute Vari* 
at ion will then be Kail. 

By this theory, the Diurnal Variation in the fiimmer 
ought to exceed that in winter ; and accordingly it ii 
found by obferv.ition, that the Diurnal Variation ill 
the months of June and July is almoll double of that 
in December and jHiniary. 

The irregular Diurnal Variation mull arife from feme 
other caiife than that of heat communicated by the 
fun ; and here Mr. Canton has rccourfc to fubtefreneaa 


m the fame place, at different hours of the fame day, heat, which is generated without any regularity as to 

uhich is only difcoverable by nice obfervatioiis. Mr. time, and which will, when it happens m the north 

Ccorge Graham made feveral obfervations of this kind affedt the attradlive power of the ma^etic parts of th^^ 

in the years 1722 and 1723, profeding himfelf alto- earth on the north 'end of the needle. That the air 


in the years 1722 and 1723, profeding himfelf alto- earth on the north Vud of the nec3le, 'f*hat thc'air 
gether ignorant of the caulc of the phenomena he neared the earth will be mod warmed by the he.it of it, 
obferved. Philof. Tranf. No. 383, or Abr. vol. 7, is obvious ; and this has been often noticed in the 

P‘290* ^ morning, before day, by means of thermometers at dif- 

Ahout the year 1750, Mr. Wargentin, fecretary of ferent dillances from the ground. Philof, Tr^nf. vol, 
the Swedilb Academy of Sciences, took notice both 48, pa. 526. 

‘d the rcgulal* diurnal. Variation of the needle, and Mr, Canton has annexed to his paper on this fubjedl, 
of its being dilllirbed at the lime of the aurora acompicre year’s obfervations ; from which it appears, 

horcalif-, as recorded in the Philof. Tranf. vol. 47, that the Diurnal Variation increafes from January tu 

P* *26. June, and decreafts from June to December. PhiuIiR 

About the year 1756, Mr. Canton commenced a Tranf. vol, yi, pa. 398. 
fciies of obferfatidna, attioimting to near 4000, with It has alio been obferved, that different needles, ef- 
^n excellent Vailation-compafs, of about 9 inches pccially if touched with different loaddories, will differ 

diameter. THc dumber of days on which thefe obfer- a few minutes in their Variation. Sec Poleni Epift. 
v^tlons Were tnade, was 603, and the Diurnal VanV Phil. Tranf. num. 421. 

tion on of them was regular, fo as that the abfo- Dr. Lorimer (in the Supp. to Cavallo’s Magnetifm) 
lute Variation of the needle weftward was increafing adduces fome ingenious obfervations on this fu^eilL It 
Iroin about 8 pr 9 o*clock in the morning, till about 1 mull be allowed, fays he, according to the obierfationi 

o Its. *1*^ La A t . 1 . ji - I- - 


or 2 in the aifl^fnodn, when the needle became ftation- 
ary for fpme time I after that, the abfolute Variation 
wcllwari^ i^if '‘decf^ftng, and the needle came back 
^gain or nearly fo. in the night, 




of feveral ingenious gentlemen, that the coUedivc mag- 
netifm of this earth arifes from the magnetifm of all the 
ferruginous bodies contained in it, and that the mag- 
netic poles fhould therefore bcconfidcrcd as the centres 
of tke powers of thofc magnetic fubilances. Thefe 
poles nuift therefore change their places according at 
the inagnctilm of fueb fubilances is affeded , and if 
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with Canton we aUow« th«l ihc eenehil caufeof 
Dtutnal V •^iatiou anfea from the iun's heat in the 
forenoon and altcrnoon of the fame day, it will naturally 
occur, that the fame caufc, being continued, may be 
fuflicicat to p.r(iduce the general Variation of the mag- 
netic needle for any number of years. For we muft 
confidcr, that ever mice any alt enti r e obfervatlons have 
been made on this fiiKje6t, ilie natural diredion of the 
magnetic needle in Europe has been conUantly moving, 
fioiu well to ead, and that in other part» of the world 
it has continued its motion with equal conftgncy. 

As wc mull ihercfore admit, fays Dr. lorimcr, 
tliat the heat in the different feafons depends chiefly on 
the fun, and that the months of July and Aiigufl arc 
coiiunonly the hotteft, while January and February 
ai c the coldeil months of the year ; and that the tempe- 
ratme of the other months falls into the refpe£live in- 
termtdiatc dcgi\cs; fo \vq mull con fider the influence 
of heat upon maguetifm to operate in the like manner, 
vi/, tliat for afhort time it fcarcely manifells itfclf ; yet 
in the courfe of a ccniuiy, theconllancy and regularity 
of it becomes fufficicntly appaient. It would there- 
fore be idle to fiippofe, that fueh an influence could be 
derived from an uncertain or fortuitous caufc. But if it 
be allowed to depend upon the conllancy of the fuu*s 
motion, and this appears to be a caufe fufficient to ex- 
plain the phenomena, we fliould (agreeably to New- 
ton's firlllawof philofophizing) look no farther. 

As w’e therefore conlider, fays he, the magnetic 
pov/ers of the earth to be concentrated in the magnetic 
poles, and that there is a diurnal Variation of the mag- 
netic needle, thefe poles muft perform a fmall diurnal 
revolution pioportional to fiich Variation, and return 
again to the fame point nearly. Suppofe then that the 
fun in his diurnal revolution paffes along the northern 
tropic, or along any parallel of latitude between it and 
the equator, when he comes to that meridian in which 
the magnetic pole is fituaicd, he will be much nearer 
to it, than in any other; and in the oppolite meridian 
he w'ill gf courle be the far theft from it. As the in- 
fluence of the fun’s heat will therefore a£l; moft power- 
fully at the lead, and lefs forcibly at the greateft dif- 
tance, the magnetic pole will confequcntly deferibe a 
flgure fomething of the elliptical kind ; and as it is 
well known that the greateft heat of the day is fome 
time after the fun has pafled the.meridiaii, the longcft 
axis of this elliptical figure will lie north-callerly in the 
northern, and fouth-callerly in the fouthernhcmifphere. 
Again, as the influence of the fun’s heat will not from 
thofc quarteis have fo much power, the magnetic pole# 
cannot be moved back to the very fame point, from which 
they fet out ; but to one which w'ill be a little more 
northerly and cafterly, or more foutherly and cafterly, 
according to the hemifpheres in which they are fltuated. 
The figures therefore which they deferibe, may more 
pvopeily be termed clliptoidal fpirals. 

In this manner the Variation of the magnetic needle 
an the northern hcmifpherc may be acpouqted for. JBut 
with refpeft to the fouthern hemifphere w^e muft recoi- 
led, that though the lines of declination in the north' 
;eni heiuirphcre have conUantly moved from well to 
tail, yet in the fouthern hemifphere, it is equally cer- 
tain that tliey have moved from call to weft, ever fince 
any obfervationshave been made on fhe fu^qd. Hcuce 

4 


then the llnet of magnetic declination, or Halleyan 
curves, as they' are now commonly called, appear to 
have a contrary motion in the fouthern hemifpltcrc, ti) 
what they have in the northern ; though both the inag> 
nefic pole# of the earth move in the fame diredlmt, 
that is from weft to eaft. 

In the northern hemifphere there was a line of iv) 
Variation, which had eaft Variation on its calU.a 
fide, and weft Variation on its weftem fide. Tin, 
line evidently moved from weft to eaft during iln- 
two laft centuries ; the lines of eaft Variation moving 
before it, while the lines of weft Variation followed r’ 
with a proportional pace. Thefe lines firft palled the 
Azores or Weflem lllands, then the meridian of Lm;. 
don, and after a certain number of years ftill later, they 
paflStd the meridian of Paris. But in the fouthern h . 
mifphere there was anotherjine of no Variation, whiL^ 
bad eaft Variation on its jveftern fide, and weft \\ u \ a - 
tion on itseallern; the lines of eaft Variation inovln^ 
before it, while thofc of the weft Variation followed it. 
This line of no Variation firll pafled the Cape des Ai- 
guilles, and then the Cape of Good Hope ; the liiu . 
of 5®, 10^, 15®, and 20® weft Variation following it, 
the fame as was the cafe in the northern liennlpheK, 
but in the contrary diredion. 

We may juft farther mention the idea of Dr. Govm't 
Knight, which was, that this earth had originally ir 
ceived its magnetifm, or rather that its magnetical jiov 
ers had been brought into adion, by a fliock, whiili 
entered near the fouthern tropic, and pafled out at th. 
northern one. His meaning appears to have been, tii.'t 
this vvas the courfc of the magnetic fluid, and that tin- 
magnetic poles were at firft diametrically oppolite m 
each other. Though, according to Mr. Canton’s 
trine, they would not have long continued fo ; 1* . 
from the intenfe heat of the fun in the ton id /one, ac- 


cording to the principles already cxpfaincd, the north 
pole.muft have toon letired to the north eallwanl, an ' 
the fouth pole to the f6uih-eaftward. It is alio cuih’i » 
toobferve, that on account of the fouthern htmirphei^^ 
being colder upon the whole than the northern tiemi- 
fphere, the magnetic poles would have moved with un- 
equal pace : that is, the north magnetic pole wouM, 
have moved farther in any given time to the north-eal , 
than the fouth magnetic pole could have moved to the 
fouth-eaft. And, according to the opinions of ih^' 
moft ingenious authors on this fubjed, it is generally 
allowed, that at this time the north magnetic pole 
confiderably nearer to the north pole of the earth, ih u 
the fouth magnetic pole is to the fouth pole of the eait >• 
It may farther be added, that feveral ingenious 
officer# are of opinion, that In the weftern parts or t k 
Englifti Channel the Variation of the rnagnetic neoji^ 
has already begun to decreafe i having in no pa^t 0 

ever amounted to 25^. There are however other 

fon# who affert that the Variation is ftdl increaling '' 
the Channel, and as far we ft ward as the * 5 ^^ 
longitgdc and 51° of latitude, at which place tiwy •; 
that it amounts to about 20®. , ^ j. 

Of ih IfaiMtiotk Chart, 

Icded a multitude of obfervation# made on the 
of the needle in many parts of the world, was 
enabled to draw, on a Mercator’s chart, certain 
(hewing iltc Varifttioa of the compafi m ‘ , 
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places over veJwich ttey pafTed, in the year 1700, i^hcn 
he pai^Jilhedvthe chart of thi« kind, called the 

f^arkilifht Ohitft , - - ' 

Front conSruftion of this chart It appears, that 
the Idngitudc of any of thofe placts may be fonud by 
it, when the latitude and the Variation in that place 
are known. Thua^ having found the Vanaiion of the 
eorapafs, dnisv a parallel of latitude on the- clwnt 
tliiough the latitude found by obfervation ; and the 
point where if cUts the curved hue, whole V.ulat.oa is 
the fame with tliat obfeived, will he the ihip’s plaee. 
A finular project of time hridiug the lon^'iiu.Je, bom 
th^ known latitude and inch nut ioi» or dip of the lUcdk, 
wns before propofed by ffenry Doud, in hib tuaiile 
intitled, The Longitude Found, printed in j 6 / 0 . 

This method however Is attended with tvoicou- 
fiJeiable inconveniences: id, 'Fhat whevevei ihf Va- 
riation lines run eaft and wtll, or ncmly lo, thlswiy 
of finding the longitude becon\cs impel as tiuir 
inrertedtion with the parallel of latitude inuirbe Vciy 
ind^iinitc: and among all the Hading paits of the 
world, this im|>erfe<!ition is at prefent found chuhy on 
lit? wtflern coafts of Kutope, beivveen the latitudes of 
and ; and on the tallcni Ihoresof Noith Ame- 
rica, xvitli fome parts of the Weilein Ocean and Hnd- 
fon’s Bay, lying between the fald fliores : but for the 
other pails of the woild, a Vanafion ('hart maybe 
attendtd with confiderablc benefit. However, tlie 
Variation curves, when tluy inn cad and well, may 
fometimesbe applied to good pinpofe in correcting the 
latitude, when meridian obluvations cannot be had, as 
it often happens on the noulu rn coaOs of Amciica, in 
the VVeflern Ocean, and about Newfoundland; for 
if the Variation can be obtained exaAly, then the 
end and weft cutvc, anfweilng to^ the Vaiiation in tlie 
diart, will fliew the latitude. 

2dly, As the deviation of the magnetical meridian, 
from the true one, is fiihjedl to continual alteration, 
therefore a chart to whicli the Variation lines arc fitted 
for any year, muft in time become* udlelf, unlefs new 
hues, (hewing the ftate of the Variation at that time, 
be drawn on tlie chart: but as the change in the Va- 
riation is very flow,* therefore new Vaiiation Chaits 
piiblidied every 7 or 8 years, will anlwer the pwrpole 
tolerably well. And thus it has liappenod that 
Halley’s Variation Chart hai. become ulcltfs, for 
v’ant of encouragement to itnew it fioin time to 
time. 

However, in theycor 1744. VVilh'am ?.IouTitaine 
ond Mr. James Lodfon jjiiblifned a new Variation 
Chart, ^apted for that ycaf*, xxhlch was well received ; 
and fcveral inftances of its great utility having' been 
communicated to them, they titled the Variat.ufi linefe 
iuiew for the year 1756, and in the folkiwirlg yWr 
puhlifhed. the ijyd. Varmtion Chart, and alfo prefcnlcd 
to the Royal Society a ctirious paper conccrfiing thk 
Variation of nragrietic nccdlw, <with a fet o'f uble* 
■annexed^* -Containing the rtfult of upwards 
thooladd obfemftioiMi/iiv bx i,p«<ibdical reviews^ frtw 
the year lyoqtlo 1756 inclui^e,’ and adapted toiW^t 
5 th 4 ?i|iotaenrc- 

and tabW* weft frinted 

far 17 57 * , 

rvatwfli, fuch €Xt|Bordi- 


nary and whindical Ifregulariues occMr in the Variation, 
that \*'c cannot think it wholly under tfce direfSlitan of 
one general and uniform Hw ; but rather conclude, 
with Dr. Gowcu, in the 87th pt*op. of hia Trcatifc 
upon Attradioii And Repulfion, that 4tji influenced 
by various and ditkieot nugnetic aUiitVoDS, perhaps 
oi.c.Alioiied by the hcieiogeucous coiu^Kifitioua in tht 
gieat magnet, thecaith.’ 

Man) other obfcrvaiions on the Variation of the 
inagnjiic needle, arc to be found in ievcial volumes 
ut the Philof. Sec paiticuluily vol. 48, p. 875 t 

xol. net, p. j-y; \ul. 5O, p. 2io; and vol. 61, 
p. 4::. 

\’ \lvl VTION Cemptfi. S'cCvlMP ASS. 

X'ariaiiom of Ct.i m Heomctry, isufed for 

tli.it inctiiMlii) or tluiUv.e wldch t.Ats place in tlic cur- 
vaiurc of allcuivcs cmc[) 1 the ciicle, by wliicli their 
(•lUul'iie is irosc t)r»hfs in ditleicnt parts of them. 
And this Vaiiation tonlliiutes ihttpialityoftliccur- 
\ at til c of .my line. 

New ton makes the index oftlie inequ.ilfty, or Varia- 
tion ofCnrvatuic, to be the ratio of the fluxion of the 
i.uliii!. of cnu.ituic to the fluxion of the curve ilfclf : 
and MaJaniin, to avoid the perplexity that different 
notions, cunnccrted wiili the fame terms, 6ecafion to 
learueis, ha.s adojjted the lame definition : hut hefug- 
gefls, that this ratio gives rather the Variation of the 
lay of curvature, and iliat it miglit have been proper* 
to have nicafurcd the Vaiiation or Curvaluic ratlicr by 
the ratio of the fluxion of the curvature itfclf to the 
fluxion gf the curve ; fo that, the cuivaturc being in- 
voifclyas the radius of curvature, and confcquenlly Its 
fluxion as tlie fluxion of the radius Itfclf dire6lly, and 
thcfqiiareof the laduis inverfely, its Vaiiation w'ould 
have been dircAly as the nuMfure of it accoiding to 
New'ton’s definition, and inveriely ns llic fquare of tire 
radius of curvature. 

According to this notion, it would hair been mca- 
furid by the angle of conl.idt contained by the curve 
and circle of ciuvatnrc, in the fame rn.mner as the cur- 
vature itielf is meafured by the aiij^Ie of contact con- 
tained by ihctnrveand latigcnt. The reafon of this 
remaik may appear Oxmi this example; The Vaii.itlon 
of cmv.alurc, according to Newton’s explication, is 
unifoiiu in the logai itfinuc fpiral, the fluxion of the 
i.idius of cm vature in tins figure bring always in the 
Line ratu) to the fluxion of the curve ; and yet, while 
tlie f)>iKil is piodiiced, tliough its curvature dccrcafes, 
it never vamnioti ; which muft anpear a flraiige paradox 
To tlioft who do not attend to the import of Newton's 
deniiitioii, Newton’s Method of Fluxions and Inf. 
Series, ph. 7(1. ' M-jof riirin’s Flux. art. 386. Philof. 
Tranf. liv/m, 468, pa. 342. 

The Vaiiation of curvature at any point of a conic 
fciftiOft, id alv^^ays m tlie tangent of the nn^k contained 
by the diameter tliat paflcs'through the point of con- 
•fdc!, and Bitffpcrpendicular to the curve at the fame 
point, of to the angle foimed by the diameter of the 
fecBou, !hid of th<f Circle of ctirvature. Hcncq the Va- 
Hatioh bfifitrvarure vanifhe|'at the extremitjd of cither 
&*'grtateft when -the acute aq^lc, Contained 
l)y 4he dfeft^ter, ‘f)afling through' Htc jsbint V cOntaft 
endthe tang^t^ is lea ft. * ‘ ’ i 

Wh^*tl»g'oOf)t< JeAidn is 9 pwralfoli'/tllc Vthation ts 
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at the tangent of the angle, contained by the right hne 
• drawn from the point or contadi to the focus, and the 
perpendicular to the curve. See Curvature. 

From Newton’s definition may be derived praftical 
rules for the Variation of curvature, as follows ; 

I. Find the radius of curvature, or rather its fluxion ; 
then divide this fluxion by the fluxion of the curve, and 
the qtioticnt will give the Variation of curvature; ex- 
terminating the fluxions when neceflary, by the equa- 
tion of the curve, or perhaps by exprcfling their ratio 
by help of the tangent, or ordinate, or fubnormal, &c. 

3. Since or — -r (putting = i) denotes 

— 'ix — -K 

the radius of curvature of any curve x, whofc abfeifs is 
A*, and ordinate^ ; if the fluxion of this be divided by 
», and i and * be exterminated, the general value ol the 


Variation will come out 


- ivy* + y (t +/) 


;lhen 


fiibftituting the values of ji, y (found from the equa- 
tion of the curve) into this quantity, it will give the 
Variation fought. 

Ex* Let the curve be the parabola, whofe equation 
i| ax = y'^. Here then 2yj — ax = and = — ; 

^ ay ^ati , . — 

hence ‘4 = ~ , and y = r- 

J iyy 4^1 ^ 2 / 


V 


Therefore V*" == 
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r 

the Varia* 


\ + — > X 
J.J oy' ^yy a" a 

tion fought. Emerfon's Flux. pa. 228. 

VARIGNON ^Peter), a celebrated French ma- 
thematician and pricfl, was born at Caen in 16)4, arid 
died fuddcnly in 1722, at 68 years of age. He was 
the fon of an architedl in middling circumftances, but 
had a college education, being intended for tire church. 
An accident threw a copy or Euclid’s Elements in his 
way, which gave him a ftrong turn to that kind of learn- 
ing. The ftudv of geometry led him to the works of 
Hes Cartes on tnefarae fcicncc,and there he was (Inick 
with that new light which has, from thence, fpread 
•verthe world. 

He abridged hirafelf of the ncccflarics of life to pur- 
chafe books of this kind, or rather confidered them of 
that number, as indeed they ought to be. What coni 
tributed to heighten this palTion in him was, that he 
flu4led in private : for his relations obferving that the 
books h^ ftudied rVere not fuch as were compaonly wftd 
by others, ftrongly oppofed his application io them. 
As there was a neceffity for his being an ecckfialtie, he 
continued his theologic^ fludies, yet not entirely facrU 
tcing his favourite fubje^ tq them.' / 

At this time the Aob6 St. Pierre, who lludn 


fenfiblc of his merit, he refolvcd to give )?im a fortune, 
that he might fully pwrfue his genius, and improve hij 
talents; and, out of only 18 hundred livres a year^ 
whicli he had himfelf, he conferred 300 of them upon 
Varigiion. * 

The Abb6, perfuaded that he could not do better 
than go to Paris to ftudy philofophy, fettled there in 
1686, with M. Varignon, in the fnburbsof St. Jacques. 
There each ftudied in his own way; the Abbe apply, 
ing himfelf to the ftudy of men, manners, and the 
principles of goverument ; whilft Varignon was wholly 
occupied with the mathematics. 

I, fays Fontenelle, who was their countryman, often 
went to fee them, Ibmetimes fpending two or three 
days with them. They had alfo room for a couple of 
vifitors, who c,ame fipm the fame province. We joinul 
together with the greateft pleafiire. Wc were youn 
full of the firft ardour for knowledge, ftrongly united, 
and, what wc w'ere not then perhaps dtfpoftd to think > 
great a happinefs, little known. Varignon, who luitl 
a ftrong conftitiition, at Icaft in his youth, fpent v/hole 
days in fliidy, without any amiifement or recreation, 
except walking fometimes in line weather. 1 luwe 
heard him fay, that in ftudying after fupper, as h: 
ufuallydid, he was often furpriftd to hear the eh^ck 
ftrike two in the morning ; and was much pleafed t!pt 
four hoius reft were fulRcient to refrelh him. He d.d 
not leave his {Indies with that hcavinefs wliicli they 
ufualljr create ; nor w'iih that wearinefs that a long au- 
plication might occafjon. He left off gay and livcK, 
filled with pleafure, and impatient to renew it. In 
fpeakiug of mathematics, he would laugh fo freely, 
that it feemed as if he liad ftudied for diverficMi. No 
condition was fo much to be envied as his ; liis life was 
a continual enjoyment, dcligliting in quietnels. 

In the folltary fuburb of St. Jacques, he formed how* 
ever a connedlion with many other learned men ; as Dii 
Ilamtl, Du Verney, De la Hire, &c. Du Vcrncy often 
aflted his afliftance In thofe parts of anatomy connede i 
with mechanics : they examined together the politio' S 
of the miifclcs, and their direillons ; hence Varignon 
learned a good deal of anatomy from Du ytriu-v, 
which he repaid by the applicatioirof mathematical rta- 
foning to that fubjed. 

At length, in 1687, Varignon made himfelf known 
to the piiblic by a Treatise on New Mechanics, dedi- 
cated to the Academy of Sekhces. His thoughts ^ 
this fubje£l: were, in cffcfl, quite new. He dilcover^ 
truths, and laid open their fources. In this work, ic 
demonftrated the neceffity of an equilibrium, m me 
cafes asdt happens in, though the caufc of it is not ex* 
a£lly known. This difcovCry Varignon made by 
theory of compound motions, and is what this e ay 
turas upon. , ^ 

This new Tteatife on Mechanics was greatly adm rw 
by the mathematicians, and procured the author 



fofophy in the faow became acquain 

bim. A tafte in edmitmp forrttioMl ...... . 

thtf phy flea or meta6hyrics,ai4 continual, diftuiationii^ waa thfi ftrft pexfon i-aifrai . ' 
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K-cime one ©/.iumoft «aloits defenda-j? atd inT,Vt- abo™ thinm* fV ’*'* 'ddi^erenl 

vour heput a violence upon bis natural chlX^wbicI. 2^:^^ JX'bv.be’M/ ?"1 "‘«“- 

abhorred all con^tention. He fometimes lamented, that be Drlnted Instil fcienccs, caiifed it to 

I*'" '>i»?l?n-..ne^i„tothe nn^rown ,p the^:^, tho 
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Inttgral Calculation (o Tar, that it would be difficult for 
him to refyme hia difquifition where he had left it offi 
He facrificcd Infinitcfimals to the intereft of Inllnitcn- 
inala, andgayjs up the pleafure and glor)- of making a 
farther progrefs in th^m wlicn called upon by duly to 
undertake their defence. ^ 

All the printed volumes of the Academy bear wit- 
nefs to ills application and induftiy, ijis works arc 
no’cr detached pieces, but comolcte theories of tlie laws 
of motion, central, forces, and the refillancc of mediums 
to moUon. In thefe he makes fuch ufe of his rules, 
that nothing efcapes him that has. any conne£lion with 
the fubjeCt he treats. 

Geometrical ceitainty is by no means ineompatible 
with obfeurity and confufion, and thofe arc fometitnes 
fo great, that it is furprifing a mathematician Hiould not 
mifs his wav in fo dark and petplexiuga labyrinth. The 
works of M. Varignon never occafion this dtfagreeable 
furprife, he makes it his chief care to place every thing 
in the clcarcft light ; he does not, as fgme great men 
do, confult his eafe by declining to take the trouble of 
being mctliodical, a trouble much greater than that of 
tompofitlon itfelf; he docs not endeavour to acquire a 
reputation for profoundnefs, by leaving a great deal to 
begueiTedby the reader. 

He was perfcdly acouainted with the hiftory of ma- 
thematics. He learned it not merely out of curiofity, 
but becaufe he was dcfirous of acquit ing knoivlcdgc 
from every quarter. This hiftorical knowledge isdoubt- 
Itls an oinament in a mathematician, but it is an orna- 
ment which is,biy no means without its utility. Indeed 
It mav be laid down as a maxim, the more different 
ways the mind is occupied in, upon a fubjedf, the mote 
it improves. 

Thoogh Varignon’a conflitution did not feem eafy 
to be impaired, affiduity and conllant application 
brought upon him a fevcrc diftafe in 1705. Great abi- 
lities arc generally dangerous to the polTeflbrS. He was 
bx months in danger, and three years in a languid Hate, 
which proceeded from his fpirits being almoH entirely 
exhaulled. He faid that fometirncs when delirious w’ith 
a fever, he thought himfelf in the niidll of a foicfl, 
where all the leaves of the trees were covered with al- 
gebraical calculations. Condemned by his phyficians, 
his friends, and himfelf, to lay afide all Hudy, he could 
not, when akme in his chamber, avoid taking up a book 
^f mathematics, which he hid as foon as he heard any 
perfon coming. He again refumed the attitude andbe- 
haviouf of a fick man, and fcldom had occafion to 
counterfeit. 

In regard to bis ?bara 6 ler, Fpntcnellc obfenres, that 
it was at this time that a ■vyriting of hii appeared, ih 
V'hicb.b? ewfured pr. Wallis for naving advanced Otat 
there ire cenain fpacqs more than infinite, which ll»at 
aferibes to hyperbolas. He iiMln- 
f^tine|i^tr^ry^ that they were finite.^ The 


againft his inclination, 

nf thercmvmb,ance 

of what he had fuffered did not make him marc pru- 
dent for the future. The whole impreffion of hfs /biM 
Merhamts, lui/ingbccn fokl olT* 
he formed a delign to pnbhlh a fecond edition of it, or 
ratlicr a work entirely though upon the hime 
plan, hut more extended. It m,i(t be eafy to perceive 
how much learning he rnua hnye arquiicd in the inter- 
val; bathe often complained, that he wanted time, 
though he was by no means dilpofrd to lofr any. Fre- 
quent vifits, either of French nr gf foreigners*, fume 
oi whom went to fee him that they might have it to fav 
that they had feen him; and otiicis to coidiilt him uud 
improve by his converiation : works of mathematics, 
which the authority of fume, or the f.icMrlffiip he had 
for othcis, engaged him to examine* and which he 
tliought himfelf obliged to give the moll exaa account 
of ; a literaiy coi refporldcnce with all the chief nuihc- 
tnaticiansof Fauopc; all thefe obftiuacd the book he 
had undertaken to write. '1 luis a man acquires reputation 
by having a great deal of leifurc time, and he Joftu this 
precious leilnrc as foon as he has acqniicd reputation. 
Add to this, that his bell fcholars, whether in the 
College of Mazarine or the Koynl College (for he had 
a profelTor s chair in both), foinriuneij )n]iielled private 
Icdlures of him, which he could not icfufe, liciighed 
for his two or three months of vacation, f^or that was 
all the leifure time he find in the year j no fooncr were 
they come but be retired into the coUuiiy, where hii 
time was entirely his own, Rud the days (lemed always 
quicklycndcd, 

Noiwithflandirig his great defire of pc.-fce, in the 
latter pai t of his life he was involved in a difpntc. An 
Italian monk, well verfed in mathematics, attacked him 
lipon the fubjedof tangents and the angle of contadin 
curvp, fuch as they are conceived iji the aiiliimetic of 
infinites ; he anfwcred by the lafl memoir he ever gave 
to the Academy, and the only one which turned upon 
a difputc. 

In the lall two ycatl of Jiis life he wai attacked with 
an aflhmatic complaint. Tin’s dilbrdcr incrcafed every 
day, and all remedies were ineffedual. He did not 
however ecafe fiom any of his cuftomary bufinefs ; fti 
tliat, after having finimed his Icdurc at the CoHcgeof 

lijr ♦ -1 .ti***’v • « M 
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Ma/,arinc, on the 2 2d of Pcccmbey 1712, be died fud* 
dcnly the following night. ^ ,, 

His charader, lays Fontcncllc, was ai fimple ai 
his fuperior undetftandiDg coukl rcoulrc. He 
Itot apt to be jealous of the fjfnie of others : indeed be 
was at the fie^d of .the French mathcmaticiahl, Itnd 
One of .0ie beft in Furopc. It inuft*be owned 
bofi^ever, that when a new idea was offered tohim, he 
Ivas too bafity to o) jed. Tlic fire of hit geniiui, the 
tario^ itifigbcs into every fubjed, made IQO impetuous 
I^ui^xy^ *« oppo^^Ipii fo thdCc tiist Were offered } fothat it was 

With idl the politencls aod refpei^l not cafy to obtam from him g favourable attentioB. 

ft ‘ it was,, though be bad His that wcrcpubliflipd fopar^ely^ were, 

w fiwY fli;" ttcict Csun^ fcciti "i*Ftojcrii'uncNouTclJc]Mcchjiaj‘qac^4td,Fafiai6ff7. 
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' j. I)fi Nowdlfi ffif la PrfitntcuT. thati below j by tirtUI rf wbkh>^thcf fuftaip each 

3. Nouvcllc Mechanic ou Statiqoc, $ tom. 410, otW, and mutually opfofc'the effort of ’their weight, 

I . which deiefmines them to fall* 

As to his memoirs in tlicVolumes of the Academy of The ffonc in the middle of the Vauh, which is per- 
Sciences, they are far too numerous to be here particu- pcndicular to the hori'^on, and is called the key of the 
larized ; they extend through almoft all the volomcs, auht is fuftained on each fide by the two contiguous 
down to his death in naa. ftones, as by twoinclined planes. ' 

VASA Concordia^ in Hydraulics, are two vcflcls, • The fecond ftonc, which is on the right or left of the 
To conftrufted, as that one of them, though full of key-llonc, is fuftained by a'thirdy which, by virtue of the 
wine, will not run a drop, unlefs the other, being full figure of the Vault, is necfeflarily more Inclined to the 
of water, do run alfo. Their ftruclure and apparatus fecond, than the fecond is to the firll ; and confcqucnrlv 
may be feen in Wolfius, Element. Mathef. tom. 3, the fecond, in the effort it makes to fall, employe a kis 
liydraul. part of its weight than the firft, 

VAULT, in Arc]u*te6\ure, an arched roof, fo con- For the famereafon, all the ftoncf?, reckoning from 
trived, as that the fevcral ftones of which it confifts, the keyftone, employ Hill a lefs and kfs part ot their 
by their difpofition into the form of a curve, mutually weight to the laft which, refting on the hml/omal 
fu (lain each other i as the aiches of bridges, ^c. plane, employs no part of its vciglit, or make^ ni> 

Vaults are to be preferred, on many occahons, to efFoit to fall, as being entirely fuppoitcd by the im- 
foflits, or flat ceilings, as they give a greattr rife and poll. 

elevation, and are alfo more firm and durable. Now a great point to be aimed at in Vaults, is, tint 

The Ancients, Salinafius obitrVes, had only three all the fcveral ftones make an equal effort to fall : to cU 
kinds of vaults; the firft the forntx^ made cradlevvlle ; fe6l thin, it is evident that as each Hone, reckoning 
the 2d, the tfuddy tovtoife-wife, or ovcn-wlfe; the ^d, from the key to the Impoft, employs a Hill lefs and IcU 
the concha^ made ftiell-wlfe. ^ part of its whole weight; the firft only employirg, for 

But the Moderns fubdividc thefc three forts into example, one-half ; -the 2d, one-third; the 3d, one- 
a great many more, to which they give different names, fourth ; &c ; there is no other way to make thefe dif- 
according to their figures and ufc ; fome arc circular, ferent parts equal, but by a pi oportionable augmentation 
others elliptical, See, of the whole ; that is, the fecond ftone mull be hea- 

Agatn, the fweeps of fome arc larger, and others vier than the firft, the third heavier than tlie fecond, 
lefs portions of a fphcrc : all above hemifphercs arc and fo on to the laft, which (liould be vaftly heavier, 
called or furmomtid FauUs ; all that are lefs than La Hire (kmcnftrates what that proportion is, in 
hemifphcres, are lonu^ or furbafed VaultSt &c. which the weights of the ftones of a femicircular aren 

In fome the height is greater than the diameter ; in muft be increafed, to be in cquilibrio, or to tend with 
Others it is lefs : there arc others again quite flat, only equal force# to fall ; which gives the firineft difpofitiou 
made withhaunfes; others oven-like, and othersgrow* that a vault can have. Before him, the architedshad 
ing wider as they lengthen, like a trumpet. no certain rule to conduft thcmfelvcs by ; but did all at 

Of Vaults, (omc oiho ^ double^ irofs^ dta- random. Reckoning the degrees of the quadrant cl 

gonai, hormntal^ af endtn^y defcendlng, ancillary oblique, the circle, from the keyftone to the impoft ; the length 
fmdent, &c, &c. There are alfo Gothic Vaults, wdth or w'qight of eacli (lone muft be fo much greater, as it 
pmdentives. See* *9 farther from the key. La Hire’s rule is, to augment 

A/ij/?/!* Vaults, are thofe which cover the principal the weight of each ftone above that of the key Hone, 
parts of buildings; in corttradiftindiou from the /e/jr,or a# much as tlie tangent of the arch to the ftone cxcccdj 
fubordinate Vaults, which only cover fome fmall part ; the tangent of the arch of half the key. Now the tangent 
asapaffage, agate, Sec, of the laft ftone becomes infinite, and confcqueiitly 

Double Vault, is fuch a one as, being built over the weight ihoiild be fo |oo ; but as infinity has no 
another, to make the exterior decoration range with the place in pradice, the rule amounts to this, that tlm 
interior, leaves a fpacc between the convexity of the laft ftone be loaded as much as poffible, and the other j 
one, and the concavity of the other : as In the dome of in proportion, that they may the better refill the eftbrt 
St. Paul’s at London, and that of St. Peter’s at which the Vault makes to feparate them ; which is 
Rome. called K\icjhoot or drift of the Vault. 

- \ with C^mtaftlmenis, are fuch whofe fweep, M, Parent, and other authors, have fince determined 

or inner fece, iscnricned with panncls of fcolpture, fc- the curve, or figure^ which the extrados or outfidc of a 
pardted ^ platbands. Thcfc compartiments, which Vault, w'hofe intvados or infidc is- fphericnl; ought to 
are of different figures, according td the Vaults, and have, that all the ftones may he in tquilibrio. • 
arc ufually gilt on a white ground, arc made with The above jule of La Hire’s has fince been 
ffucc6,on brick Vaults; as in the church of St. Peter’s foiindr not aecuratc. See Arch, arid Bridge, See 

at ^omc ;*and with plaftcr, on timber Vaults. > alfo my Treatife on the Principles of Bridges, and 
Theory ^ Vaults.— -In a femicircular Vaidt,.or Emerfon’s Conftrudlou of Arches, 
arch, being a hoUcw cylinder cut by a plane through Key of a Vault. Sec Key, and Vousxota. 

.its axis^ ftandipgon two xafpofts, and aft the ftones that Reins 6r filings ttp of a VAult, aire th^ ftdqs which 

com^fe it, being cut and pl^^ in'fuch a mknner,, as fuffaia it. ‘ f C ; . ^ 

that ihdr joints, or beds, beibg prolonged,; dohll meet Feidentivc of a Vault* Sec 

in lie centre of the vault ; it i* evident that All the ftones TfljM ^ Vau lt, is • the ftonc^ 

ttitft be cut wedge- wife, or Wider at tdp and above, the Cirtt vouffolr, or aedirftone dfthe vauhl ^ ‘ 

, r VEADAR, 
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» *3^^'’ moi'.ili rtf the 

JtmOt ecclefwfticafyj^ir. auivvcing coniiiioniT «, „„r 
March 5 this month is intercalated, to i/revtut the be- 
giniwngof Nifan-from being removed to the end of Fe- 
bruary. • 

VECTIS, ill Mechanics, one of t Kyi m pie media- 
nical powers, more ufuaUy culled the Le9eiv; 

VECXORf or Radius V ^nor% in Agronomy, is a 
line foppofed to be drawn from any planet movincf 
round a centre, or the focus of an cllipfe, to that ccmi' 
tre, or focus. It is fo called, becaufe it is that Hue by 
which the planet feems to be carried round its centre ; 
and witli which it deicribes tu'eas proportional to the 
times. 

VELOCITY, or Swiftnefs, in Mechanics, is that 
afleaion of motion, by which a moving body pafits 
over a certain fpace in a certain time. It is alfu cnlKd 
celerity ; and it is always proportional to liic ipnee 
moved over in a given time, when the Velocity is uni- 
form, or always the fame during that time. 

Velocity is either uniform or >variahh\ Uniform^ or 
equal Velocity^ is that with which a body paflcs always 
over equal fpaccs in equal times. And it is nujriohle, or 
unequal^ wlicn the fpaccs pafTcd over in etpul times arc 
unequal ; in which cafe it dcce!erati>(l or retarded 

\clocIty; and this acceleration, or retardation, may 
alfo be equal or unequal, i. e. uniform or variable, &c. 
Sec Acceleration, and Motion. 

^Velocity is alfo either or rrlathe, Mf elute 

P elociiy is that wc have hitherto been conflderiiig, in 
which the Velocity of a body is confidered limply in 
ttfelf, or as pafling over a certain fpacc in a certain 
time. But relative or refpcHtve f^clociiy, is that wdth 
v.'hich bodies approach to, or recede fiom one another, 
•whether they both move, or one of them he at rdf. 
I"hu8, if one body move with the abfolute Velocity of 
2 feet per fecond, and another with that of 6 feet per 
lecond ; then if they move direflly towards each other, 
the relative velocity with which they approach is that 
of 8 feet per fecond ; hut if they move both the fame 
way, fo that the latter overtake the forint r,. then the 
relative Velocity with which that overtakes it, is only 
that of 4 feet per fecend, or only half of the foimer ; 
and confequently it will take double the time of the 
former before they come in coiitad together. 

Velocity in a Right Line. — Wlien a body moves 
with a uniform Velocity, the fpaces paffed over by it, in 
different times, are proportional to the times j alfo the 
fpaces deferibed by two different uniform Velocities, ia 
the fame time, are proportional to the Velocities; and 
confequently,. when both times and Velocities arc un- 
equal, the fpaces defer ibed are in the compound ratio 
of the times and Velocities. That is, S oc TV, 
and r oc tv $ or S ; / : ; TV ; tv. Hence alfo, 

V : V : 7 p : y, or the Velocity is as the fpace di- 

re^ly and the time reciprocally. 

But in uniformly accelerated motions ; the lad de- 
gree of Velocity uniformly gained by a body in begin- 
ning from reft, is proportional to the time ; and the 
fpace defetibed , from the beginning of the motion, is as 
of ihe time and Velocity, or as the fquare 
•f dr as the fquare of the time. That is, 
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in>m.iformly decelerated motions. « « r, a„d , e< 

or Or cc r*. And, in fl„xlons, i 

now .iniv-c.rafly n.lmittcJ "ttw 

dck.nt Am! hcr.cr l,e u.fu, cd, that if a tody d ' 
fc.n.l along a„ mcIoKal plaM.-, tl.e V.looitios it lias, at 
the ..1 lo'ynt i.mcs, „,!1 

3 ilocity IS all owing t„ it;. f.Jl, 
mucids tiK-iv IS pcinni.McuLr h,i.;l,t in llic inclined 
piano the Voloo.iy ihouUl ho Hill 'Inoafuiod by L 
height, the fame., a if tiio fdl wo.e veukal ^ 

the lame p.ii.uyloU-d him alfo tooonclude, that If 
a bxlj fall tnn.u^U fv3ual contignouf, Inclln-.l phiac« 
maUntg any angles witl, >.u1. otlicr. nnieh like a iVick 
v.lK-nbK.kui, thc U'KK.ty u.mM Hill he i cgulatca aflrr 
the fame manner, by the nui ical heighi. ofihc dinVicnt 
planes taken together, coiilitlering the lall Velocity as 
the fame that t)»c hotly would acqulic by a fallllu-ou^h 
the Kinie pcipcwdicular height. ^ 

• •"'•■‘■n's e'ontinued to be acqniefced 

m, till the year 1672, whrn it was dcmonlliated tolic 
talfe, by James Gregory, in a fmall piece of hisiiuitled 
J ,ju,t.!am peom,trka de Motu Pcmluhi^ Pro. 

jrdorum. 1 his piece lias been very little known, be- 
caufe It was only added to the end of an obfeure and 
pleiidoiiymous piece of his, then piihlilhed, to exoofe 
the errots and vaoi^ .,f xMr. Sinclair, profeflbr of na- 
niial philofopby at Glafgow. This little Jen d’efprit of 
Gtegoiy IS II, tilled. The great and ,.ew An ofhTuk'mo 
Ipyy : or a Meovery of the Ignoruaec and Arroganl 
cj the great am! neon And!, U hie P/^udn-PhdcJhphual 
r.or,unge : ly M PaUkk Math, re, Anh-Pedaf i the 
Umverfdy oj S. Andre^e In the Tudamina, CrcKory 
hews what the real Velm ity is, which a body acquires 
by defeendiiig .lowii two contiguous Inclined planes, 
feuniiig an obtule angle,aiid that it isdiffeient f.oin the- 
Velocity a body acquirej by dcfccntling pci piT.dit ularly 
through the fame height; alfo. that the Velocity in 
quitting the firft plain, two that viith which ii cnteis 
the fec.iiid anelin the, latter dire-aion, as r.uHus to 
thccoliiieof the angle of iiiUhialion between the two 
planes. 

This conelnfion however, Citgoiy nhfeivts, does 
not apply to the inoliems of defcent down .my curve 
lines, becaufe the contigiiini.s pans e;f enrve lines do 
not foim anv angle between them, and eonfeviucntly no 
part of the Velocity is loll hy palling horn one iwrt of 
the curve to the other} and lienee he inaia, that the 
Velocities acquired in elcfcending down a continued 
curve hue, are the fame as hy (ailing. pcrpcndietilarlT 
through tlje fame height. I'lii, principle is then 
plied, by the author, to the motion of pciiduluma and 
projectiles. 

Varignon too, in the year 1603, folfowcd in the 
fame track, (hewing that the Velocity loft in pafliiHr 
i^rom one right lined direaion to another, becomes in- 
definitely l^niall m the couifc of a curvelinei and that 
therefore the doanne of Galileo holds. good for the de- 
feent of bodies down a curve line, vl^, that tlic Velo^ty 
^ acquired 



V E t. I ^48 1 V 1 L 


ict^uir^Sat any point of thc'-curve, if equal to that 
which would l)c acquired by a fall through the fame 
pcrpetuhcular altitude. 

The nature of every curve is abundantly determined 
by the ratio of the oidinaics t© the correfponding abf- 
cifics } and the efTcuwe of curves in general may be 
tonctived as coufilling in this ratio, which may be va- 
ried in A thoufand dljSerent ways. But this fame ratio 
will be alfo that of two fim pie Velocities, by whofe 
joint efft’d a body may deferibe the curve in queftion ; 
aild coilhqucntly the efTcuce of all curves, in general, 
is the fame thing as the concourfe or combination of 
all the forced winch, taken two by two, may move the 
fame body. Thus we have a mofl: fiinplc and general 
equal ion of all pcfliblc curves, and of all poflible Vc- 
ducllics. 13 y means of this equation, as foon as the 
tw'i) Ample Velocities of a body are known, the 
curve refulting from them is immediately deter- 
mined. 

It may be obferved, in paiticular, a<!cording to this 
equation, that an uniform Velocity, combined with a 
Velocity that always varies as the fquare roots of the 
heights, the two produce the particular curve of a pa- 
rabola, ind».pendent of the angle made by the direc- 
tions of the two forces that give the Velocities; and 
confcquently a cannon ball, Aiot cither horizontally or 
obliquely to the horizon, mud always deferibe a para* 
hold, were it not for the rcAllance of the air. 

Circular VELoctTY. See Circular. 

Velocity, in Gunnery, denotes the Velocity 
with W'hich military projeflilcs iffue from the mouth of 
the piece, by which tney are difeharged. This, it is 
now known, is much more confidcrablc than was for- 
merly apprehended. For the method of eftimating it, 


and the tcfolt of 1 wtietr of expen'mentfl, by Wn 
Robins, and myfelF, See, iee the articles Gun, Gum- 
NEHY, PaojiCTitE, and Resistance. 

Mr. Robins had hinted in his New Principles of 
of Gunnery, at another method of meafuring the Ini- 
tial Velocitici^f military projedlilcs, viz, from the 
arc of vibratiim of the gun itfelf, in the aft of evpul- 
fion, when it is fufpended by an axis like a pendulum. 
And Mr. Thompfon, in his experimcnJls (PhiW.Tranf. 
vol. 71, p.' 229) has purfued the fame idea at con- 
fidcrable length, in a number of experiments, from 
whence he deduces a rule for computing the Velo- 
city, which is fomewhat different from that of Mr. 
Robins, but which agrees very well with his own expe- 
riments. 

This rule however hieing drawn, only from the expe^ 
riments with a mulket barrel, and with a fmall charge 
of powder, and, belides being different from that in the 
theory as propofed by Robins ; it w’as fufpefted that it 
would not hold good when applied to caanon, or other 
large pieces of ordnance, ot different and various 
lengths, and to larger charges of p6w’der. For this 
reaion, a great multrtude of experiments, as related in 
my Ti'afts, vol. i, were inllitutcd with cannon of va- 
rious lengths and charged with many different quanti- 
ties of powder j and the Initial Velocities of the (hot 
w'cre computed both fr-om the vibration of a balliftic 
endulum, and from the vibration of the gun itfelf; 
ut the confequence was, that thefe two hardly ever 
agreed together, and in many cafes they differed by 
almoit 400 feet per fecond ia the Velocity. A 
brief abftraft for a comparifon between thefe tw© 
methods, is contained in the following tablet, viz. 


Ccmpnrtfon of the Velocities hy the Gun and Pendulum^ 


Oimj 

No.l 

1 

2 Ounces. 

4 Ounces. 

8 Ounces. 

16 Ounces. 


Velocity by 

Diff. 

Velocity by 

Diff. 

Velocity by 

Diff. 

Velocity by 

Diff. 

1 



■1 



nn 




mm 



Sjo 

86, 

019 

^.9 

7 Bo 

835 

920 

970 

50 

28 
— I 

-41 

*135 

1203 

1294 

13»7 

1100 

1180 

I zoo 

*370 

35 

23 

-6 

-53 

*445 

1521 

1631 

1669 

14J0 

1580 

1790 

1940 

15 

-59 

-159 

-271 

1345 

1485 

1680 

1730 

MU 

1998 

2106 

-3* 

-171 

-3.8 

-376 


In this table, the Aril column fhcwg the number of 
the gun, as they were of different lengths; viz, the 
length of number 1 was 30} inches, number 2 was 
40} inches, nqmber 3 was ^ inches, and number 4 
was H3 inches, nearly. After the firft column, the reft 
.of the table ia divided into four fpaccs, for the four 
charges, 2» 4, B, l6 ounces of povrdcr: and each of 
thefe is divided into three. colufnns : in the Arftofthc 
three is the Velocity of the hall as detctiqined from the 
ytbratiqu of thii gun ; in ilpf fecond ,i» the Velocity as 
'de^H^uied from the vihfaUoi| i).f;thc nebdulwin ; and 
in we ^h^rd is the difference ^tYreen tll,c two, being fo 
per wjhiph is jnarked ^ the nega* 


tivc Agn, or — , when the former Velocity is too 
otherwife it is pofitivc. 

From the comparifon contained in this table, it ap- 
pears, in general, that the Velocities, determined by 
the two different ways, do not agree together; and 
that therefore the method of dcterminHijg the Velocity 
of the ball from the recoil of the gun, 16 not generally 
true, although Mr. Robins and Mr. Thpm^on M 
fufpefted it, to he fo; and confequently that the cffeCT 
of the mffained PPvrder 

cxaaljAe>mr^ 

wheniiiefired ; ^ ^ 

dife^iice a^no w.,., 
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l(niN with th« fame charge of powder, nor in the fame 
gtin with different charges; That with very fmall 
charges, the Velocity by the gnn is greater than that 
l^y the pcndulqmt but that the latter always gains 
upon the former, as the charge is incrcafed, and foon 
becomes equal to it ; and afterwards goes on to exceed 
it more and more : That the particular charge, at 
which the two Velocities become equal, is diffeicnt in 
the different guns ; and that this charge is lefs, or the 
equality fooner takes place, as the gun is longer. And 
all this, whether we ufc the aftual Velocity w'ith which 
the ball ftrikes the pendulum, or the fame incrcafed by 
the Velocity loll by the refiftance of the air, in its 
flight from the gun to the pendulum. 

vEN riL'lT OR, a machine by which the noxious 
air of any clofe place, as an hofpital, gaol, ftup, cham- 
hirr, 8:c, may be difeharged and changed for frcrti 
air. 

The noxious qualitits of bad air have been long 
known ; and Dr. Hales and others have takt*ii great pains 
to point out the mifehiefs nnTi.>g from foul air, and to 
prevent or remedy them. Tliat philofopher propofed an 
eafy and cffe^^uai one, by the ufe of his Ventilators ; 
the account of which was read before the Royal Socie- 
ty in May 1741 ; and a farther account of it may be 
feen in his Defeription of Ventilators, printed at 
London in 8vo, 1743 ; and ftill farther in part 2, p. 32,- 
printed in 1758; where the ufes and applications of 
them are pointed out for (hips, and prifons, Scc» For 
what is faid of the foul air of (hips may be applied to 
that of gaols, mines, workhoufes, liorpitals, barracks, 
&c. In mines, Ventilators may guard a^inft the 
fuffocations, and other terrible accidents anfing from 
damps. The air of gaols has often proved infcaious ; 
and we had a fatal proof of tlys, by the acci- 
dent that happened fome years lince at the Old Bailey 
feflions. After that, Ventilators were ufed in the pri- 
fon, which were worked by a fmall windmill, placed 
on the top of Newgate ; and the prifon became more 
healthy. 

Dr, Hales farther fuggefts, that Ventilators might 
be of ufe in making (alt j for w'hich purpofe there 
(hould be a flream of water to work them ,• or they 
might be worked by a windmill, and the brine fhould 
be in long narrow canals, covered with boards of can- 
vas, about ajfoot al)Ovc the furface of the brine, to con- 
fine the itream of air, fo as to make it a6t upon the fur- 
face of the brine, and carry off the water in vapours. 
Thus it might be reduced to a dry fah, with a faving of 
fuel, in winter and fummer, or In rainy weather, or any 
ftate of the air whatever. Ventilators, he apprehends, 
»ii^ht al/b ferve for drying linen hung in low, long, 
Harrow galleries, cfpcciaily in damp or rainy weather, 
aid ^Ifo ih dicing woollen cloths, after they are fulled 
^r dyed ; aid in this cafe, the Ventilators might be 
'i^orkcd', by the fulling water-mill. Ventilators might 
iilfo be an uifebil appendage to malt and hop kilns ; and 
the ikme author is nirthcr of ojjinion, that a ventilation 
di^ air from the adjoining ftovc, with a cau- 
tious hand, might be of fervicc to trees and pilots in 
whtit it is well kfl own that air full of 
‘Whi which perfpirc from the plants, is 

as well as the vapours from 
: for frcih atV is at neceflary 
7 


to the healthy ftate of vegetables, as of inimals. — Vth* 
tilators arc alfo of excellent ufe for drying com, hops, 
and malt.— Gunpowder may be thoroughly dried, by 
blowing air up through it by means bt Ventilators j 
which is of great advantage to the ftrength of it. 
Thefo Ventilators, even fhe fmallcr ones, will alfo ferve 
to puiify mod calily, and effctlually, the bad air of a 
fhip*s well, before a perfon is fent down into it, by 
blowing air through a trunk, reaching near the bottom 
of it. And in a fimilar manner may llinking water^ 
and ill-taftcd milk, &c, be fwcetened, viz, by pafling 
a current of air through them, from bottom to top, 
which will carry the oftenfive particles along with it. 

For thefe and other ufes to which they might be 
applied, as well as for a paiticnUir account of tlic 
conllrudion and difpolition of Ventilators in (hips, hof- 
pitrdh,' pi ifons, ^c, and the benefits attending tbcffi, 
fee Haleses Treat lie on Ventilators, pait 2 pallini ; and 
the Pliilof. Traii(‘. vol. 49, p. ^532. 

The method of di awing (df air from (liips by means 
of (iie*pipcs, which fomc have preferred to Ventilators, 
was puhlldvcd by Sir Robert Moray in the Pliilof. 
Tranf, for 1665. Thefe are metal pipes, about 
inches diameter, one of which reaches from the fire- 
place to the well of the (hip,- and other three branches 
go to other parts of the (hip; the (love hole <iud afh 
hole being doled up, the fire is fupplied with air 
through thefe pipes. The deteds of thefe, compared 
with Ventilators, are paiticulaiiy cxamuied by Dr. 
Hales, ubi fupra, p. 1 13. 

In the latter |)ait of the year 1741, M. Trjewald, 
military archiredto the king of Sweden, informed the 
fecretary to the Royal Society, that he hiid in the pre- 
ceding fpring invented a machine for the ufe of (nips 
of war, to draw out the foul air from under their decks, 
which exhaiifted 36172 cubic feet of air in an hour, or 
at the rate of 21732 tuns in 24 hours. In 1742 he^ 
fent one of thefe to France, which was approved of 
by the Academy of Sciences at Paris, and the navy 
of France was ordered to be furniflicd with the like 
Ventilators. 

Mr. Erarmns King propofed to have Ventilators 
worked by the fire engines, in mines. And Mr. Fitz- 
gerald has fuggcdlcd an improved method of doing 
this, which he has alfo illu dialed by figures. See 
Pbilof. Tranf. vol. 50, p» 727* 

There arc various ways of Ventilation, or changing 
the air of rooms. Mr. Tidd contrive^! to admit frclh air ‘ 
into a rspom, by taking out the middle upper fafti pane 
of glafs, and fixing in its place a frame box, with a 
round hole in its middle, about 6 or 7 inches diame- 
ter ; in which hole arc fixed, behind each other, a fet 
of fails of very thin broad coppcr-plates, which fpread 
over and cover the circular hole, fo as to make the air 
which enters the room, and turning round thefe fails, tb 
fpread round in tlfin fheets fidcway?; and fb not 
incommode perfons, by blowing direelly upon them, 
as it would do if it were not hindered by the fails« 

This method however is very unfecmly and difagtte* 
able in good rooms: and therefore, inftcad of it,*tlic v 
late ingenious Mr. John Whitehurft fubftituted arid- 
thtr; which was, to open a fmall fquarc or reaahjjltt 
hole in the party Wall of the roomi, in the ujmer part 
neirthe clwgf corner or pm dlfiaac nom the 

fire 
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Tfire *, and before it lie placed a tliln piece of metal or 
paftchoaid Sic, attached to the wall in its lower part 
juft bdov; the hole, but declining from itupwaul?, fo 
as to give tlie air, that enters by' the hole, a dwedtion 
upwards againll: thecieling, along which it fweeps and 
difperfes itfelf through the room, without blowing in a 
.cnri'cnt againll any perfoii. This method ia very ufcful 
to cine ftnuky chimneys, by thus admitting conveni- 
fPtly frcfli air, A pictuic placed before the hole pie- 
A(rrs llu* light of it Aoin di&tiguiing the room. This, 
and many oilier methods of Ventilating, he meant to 
ha\e piihlilhcd, and was occupied upon, when death 
put .ui end to In's nfcful labours. Thtle have finccbecn 
publifneil, \i/ in 1794* 4to, by Dr. Willan. 

VKNlhS, in AlhOnom), one of the inferior planets, 
lull the hrighlelf and to nnpeaiance the large A. of all 
the planets ; and is deligned by the mark 9 , fnppofcd 
to lie a rude repielentatiou ol a temalc figure, witli her 
ti.iiliiig u»he. 

Venus is ealily dilllngnif!'.ed from all the other 
planets, hv her whiienefs and biightnefs, in wliich Ihe 
exceeds all the nil, even Jupiter hirnfelf, and v\lntli 
is fo conlifleiablo, that in a dulky place Hie caufes an 
ohjeCt to project a lenfible lliadow, and fhc is often 
vihble in the day-time. Her place in thefyllem is the 
id Olid from the fun, viz, between Mercuiy and the 
tauli, and in magnitude is about equal to the earth, or 
rather a little larger according to Dr. HeifehcTs obfer- 
vallons. 

As Venus moves round the fun, in a ciiclc beneath 
that of the earth, (lie is never ften in oppofilion to him, 
nor indeed very far from him *, but feems to move back- 
ward and forwaui, pairing him from fide to fide, to the 
dilhnee of about 47 or 48 degrees, both ways, which 
is her grcaieft elongation. 

When flic appeals vseft of the fun, whicli is fiom her 
inferior coiiji.niVion to her fiiperior, fhe life* before 
him, or is a morning liar, and is called PhoJpijotuSi or 
Lucifer^ or the Mvrnlnp^ Star ; and when flic is eafl- 
wai-ds (dim the fun, \rhich is from her fiiperior con- 
jun^fion to her inferior, (he fets after him, or is an 
-evtnngllar, and is called or FefpeVy or the 
Eixung fiar: being each of thofe in its turn for 290 
days. 

I'he real diameter of Venus Is nearly equal to that 
oftlie earth, being about 7900 miles ; her apparent 
mean diameter fecn from the earth ^9'*, feeii from the 
(ui), or her horizontal paiallax, yS \ but as fecn from 
the earth 18" *79 according to Dr. Hcrichel ; her dif- 
r.iDce from the fun 70 million of miles ; her eccentricity 
.^■’joths of the fame, or 490,000 miles ; the inclination 
of iicr orbit to the plane of the ecliptic 3® 23^ ; the 
pennts of their interfertion or nodes are 14° of n and 
the place of her aphelion ss 4° 20' j her axis iiir. 
Hined to her orbit 75^ o' ; her periodical courfc round 
the fun 224 days 17 bouts; the diurnal rotation 
round her axis very uncertain, being according to Caf- 
fini only 23 hour?, but according to the obfervarions of 
Bianchini it is in 24 days 8 hours ; though Dr. Hcrfchcl 
thinks it cannot be fo much. See alfo Planets. 

Venus, when viewed through a tclefcope, is rarely 
feeu to (bine with a full face, but has phafes and 
ciianges jiift like thofe of the moon, being incrcafing, 
iecreafiug, horned, gibbous, &c: her illuminated part 


being conllantly turned toward the fun, or dineifled to- 
ward the cad when (he is a morning ftar, and tovvai ci 
the well when an evening ftar. 

Thefc different phafes of Venus were ffrff difeovered 
by Galileo ; who thus fulfilled iHc predi 61 ion of Coper- 
nicus : for when this excellent affronomcr revived the 
ancient Pythagoican fyffcm, afferting liiat the e-irth 
and plar.etx move round the (an, it was objeded that 
in fucli a cafe the phjfes ofVvnus fhould refemble thoit! 
of the moon ; to wdiich Copernicus replied, that foi.ij 
time or' other tint refcmb’ancc would be found o;i, 
Giddeo fent an account of the firft difcoveiy of thJo 
phafes in a letter, written front Florence in 1611, to 
W^iiiiim dc Medic:, the Juke of Tufuiny*i) .unh.ilij.Kn 
at Prague ; delliing him to communicate it to Keiilu. 
The Utter is extant in the preface to Kepler’s Diop- 
trics, and a tiandalion of it in Smith’s Optics, p. 416. 
Having recited tlic obfei vatioiis he had made, In add,, 
“ We liave hence the moft certain, Itnllble deciiion ai, 1 
denionlliatioD of tuo grand qikffiuns, which to tl, 
day liave been doubtful and dirputed among the gu m ' 

ir. affers of rcafon in the world. One is, that the }'hiiu is 
in thcii own natiiic are upakc budics, alti Ibutiii'’ u 
Mercury what we have ken in Venus: and the uihv; 

is, that VTnus ncctdlaiily moics ruuiul the fun ; a^ Ilo 

Mc'icmyand the lulicr planets; a thing well hcll.ied 
indeed l)Y P\ thag^or.u;, Copcinicufi, Kepler, andnuKl . 
but never )et proved, as now it is, b) ocular inipeCtie, 
upon V* mis.” ^ 

Cafiini and Campain, in the'} ears i66j and iff -, 
difeovered (pots in the Idee of \dnut,: fioin the an 
pcaranees of whieli the h-inier alcutained her n ot' > ' 
round her axis; concluding that this revolution w ‘ 
performed in lefs tlmn a day ; or at leall that the biig 't 
fpot which he ohfcivcd, liniriicd its period either I*, 
revolution oi iilnalion in about 23 hours. And de I 
Hire, in 1 70c, through a telcfcopc of 16 fe.’t, dil^a 
vered fpots iu Venus ; which he found to be* laigei 
tliofe* in the moon. 

'Fhe next obfervalions of the fame kind that occi: 
arc thofe of fignior Binnnchini at Rome, in 1726, I ]y 
1728, who, with Campani’s glaffcs, difcovcied fceor 
dark fpots in the dife of Venus, of which he gave ar 
account and :i reprefentation in his book entitled Ilefpei 
€t Phorphori Nova Phenomena, publiffied at Roin- 
in 1728, From feveral fucce(nvc> obfervatlons Binii- 
chini concludes, that a rotation of Venus about he: 
axis was not completed in 23 houis, as CaflTini imagined, 
but in 24} days; that tfic noitli pole of this rotation 
faced the 20th degree of Aquarius, and was elevated 
15"’ above the plane of the ecliptic, and that the axis 
kept parallel to itfelf, during the planet’s revolution 
about the fun. CafTmi the fon, though he admits the 
accuracy of Bianchini’s obfervations, dlfputes the con- 
clufion drawn from them, and finally obferves, d 
we fuppofe the period of the rotation of Venus to be 
2311. 20 min. it agrees equally w ell with the obfervations 
both of his father and Bianchini ; but if (he revolve m 
24 d. 8 h. then his fathei’s obfervations nnift be rcjedid 
as of DO confcquence. 

In the Philof. Tranf. 1792, arc publi/hcd the refults 
of a courfc of obfervations pn the planet Venus, begun 
in the year 1 780, by Mr. SchrocUr» of {rfilknibah 
Bremen. From thefe obfervauoi^, the author infers, 

that 
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ihfit Venus in fonie rcfpCiEls fimilar 
to that of opr eurthi but far exceeding that of the moon 
in deniHy*. or, power to weaken ilie.rnys of the fim : 
' tha^ the dihtn^ period of this planet Wpiobably much 
longer tto that of other planets : that the moon alfo 
has an atmoi^nciT, .though lefs denfe and high tlisn 
that of tVthusr siid that the mountaina of this plaint 
arc 5 ‘9r^;^mc8a8high as thofe on the earth* 

Dr. Hetiihelloo* between tlic years 1777 and 1795, 
has tnade fevies of Obfervations on this planet, 

acemmuof wMch ate wen in the Philof. Tranf. for 
1795, refuUs of tliefe obfervations ai*c : that the 
planet revolves aboht, hs axis, but the tiine of it is un- 
certain : that the pofitioo of its axis is alfo very un- 
certain : that -the planet’s attnofpherc is very confider- 
able ; that the planet hat probably hills jtmd inequalities 
on its furface, but he has not been able to fee much 
of thetn, owing perhaps to the great dcnfity of its 
utrnofpfierc^ as to tbt mountains of Venus, no eye, 
lie fays, which is not cenfiderably better than his, or 
uin/led by nuwh better inUrumcnts, will ever get a 
light of them; hndthai the*apparent diameter of Venus, 
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at the mean dllUncc from the earth, is 18 ''*79; from 
wljcncc it may be tnferred, that this planet is loraewhat 
larger than the ^rth, inllead of being lefs, us former 
allronomers have imagined. 

Sometimes Veous is feen in ihe dtfc of the fun, in 
form of a dark rPund loot. Thefe appeal ances, called 
Tranats, happen buC leldom, viz, when the earth is 
ibout lier nodes at the time of her inferior jconjun^ion. 
One of theft tranfits was feen in England in 1639 by 
Mr* Ho^ox and Mr* Crabtree ; and two in the prefcnt 
century, vi2, the one June 6, 1761, and the other in 
June 1769, There will not happen another of them 
nil the year 1874. See Parallax. 

Except filch tranfits as thefe, Venus exhibits the 
fame appcai'anccs to us regularly every 8 years j her 
conjunrfions, elongations, and times of rifing and 
fetting^ being very nearly the fame, on the fame days, 
11 s before, . 

In 1^172 and 1686, Caflini, with a telcTcope of 34 
feet, tho^ht hofaw a (aiellite move round this planet^ 
the<idiftacce of about i of Venus’s diameter. It 
bad th^’fanifc phafea as Venus, but witboiit any well 
fined fontf ; atcl its diaoieter fcarce exceeded ^ of the 
diameter, of Venns. Dr. Gregory (Aftron. lib. 6, 
P>'op. 3^ fhiakait more than probable that this was a 
latellitoj and fdpjpofc^ tliat the reafon why it is not 
mare (fluently is the unfitnefs of its furface to 
the rays of tl^efua’s light ; as is the enfe of the' 
rpotsi^ th^s, mopti ? IbrJ if the whole dife of the moon 
" cpiiipofed of; mch, he thinks Ihe could not be feen 
bi far asso'Vcnu^. v ^ ' 

%Vith. a refleaing telefcbpe of 
^'teeived afmall ftar near Venus: 
U)^^|lelfcope or the fame focus, ma^ifylng 
^^md.d^ed witb hn fbund 

a£i^ Jo' I and with a mag- 
^^fiid, he"o>ferved the flair afiumethe 



hrft morning, Philof, Tranf. number 459, p, 6±6, Ot- 
Abr. vol. 8, p. 208. ^ 

M. Monfaign, of Limoges in France, preparing for 
obftrving the traniitof I7^n, difeovered in the preced- 
ing month of May a fmall Ihr, about the didanoe of 
20' from Venus, the diameter of it being about ^of 
that of ibc planet. Otbeus ba\e alfo thought they 
law a like appearance. And indeed it mult be ac*- 
knowlcdged, that Vtmus may have a fitellitc, though 
It is diflienh for us to Tee It, Its enlightened fide cin 
never be fully turned towards us, but when Venus » 
beyond the fun ; in which cafe Venlis herielf appears 
little bigger than an ordinary ilar, and therefore her 
fatellite may be too^ fmal^ tp be perceived at fuch a 
dillance. When (he i 9 i|iigcen us and the fun, her 
moon has its dark Ode tiPM towards u^ j and when 
Venus is at her greateft clphgstion, there is but half 
the enliglitened lide of the moon turned toward ur,- 
and even then it may be too far diOant to be feen by 
u.s. But it w'as prefumcih that the two traufits of 
1761, and 1769, would aflbrd oppojtunity fot deter- 
mining this point ; aiid yet we do not Hnd, altlionn;!! 
many obfervers diret^cd their attention to this object,, 
that any fntcllite was then h-eii in tlie fun’s dilc ; ufileik 
we except two perfonf*, viz, an anonymous writer in 
the London Chronicle pf May 18, who fays that he 
fawthe fattUitc of Venus on the fun the day of the 
tranfit, at St. Neot’s in Huntingdourtiire ; that it moved 
in a track parallel to that of Vcmis, but nearer the 
ecliptic* that Venus quitted the fun’s dtfc at 31 mi- 
nutes after 8, and the fartillite at 6 minutes alter 9 
and M. Montaign at Limoges, whofc account of hit 
obfervations is in the Memoirs of the Academy of 
Paris, ^ from whence the following certificate is ex* 
trailed Certificate. ** We having examined, by 
Older of jthc Academy, the remarks of M, B.audouui 
on a new obfervation of the fateUite of Venus, made 
at Limoges the i ith of May by M. MorUaign. Thii 
fouith obfervation, of great importance fur tne theory 
of the fatcllite, has /hewn that its revolution mud be 
longer than appeared by the firft three obfervations. 

M. Baudouin believes it may bu fixed at 12 days* 
as to its difiance, it appears to him to be jo femi- 
diameters of Venus ; wiience be idlers that the mafs of 
Venus is equal to that of the earth. This mafs of 
Venus is a very cifcntial elcfbent to aftronoray, as it 
enters into many computations, and produces difterent. 
phenomena: &c. 

Signed L’ Abb6 Dc La Cailie, 

Dc La Landc.’’ , -- 

VERBERATION, in PhyficS, u term ufetl to cx- 
prcfstlic caufe of found, which iirifes from a Vcrbciju 
tion ofihe air, when ft nick, in divers manners, bytbet'. 
fcveral parts of the fonorous body firlt put into a vibra* ^ 
tory motion^ < V 

VEHNALv fortethiDg belonging to the fpritgftsK ^ 
fons as vetnal ftgns,' vernal equioox, kc, : • T 

n itakf or a dififioo, ' 

for the inatherpatloal 

callt 4 f«Str^^%v|td:or 
Fthfilht 

itti'eibedbVfim the 

fortboc tb S? It aftcVtlte lilatite'miailiiie printed )&^eb iii i%i, Thfi' 

4 O , Was 
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WRfr an improvcmcnt'on the method of cRvifion propofed 
by Jacobus Curiius, printed by Tydio in ClaviusU 
Aftrolabe, in [595. Vernier’s method of divirion^ or 
dividing; plate, nas been very C{»mmonly, though erio- 
neoiifly, called bjr the name of Nonius ; the method of 
Nonius being very diffeient from that of Vernier, and 
much Icfs convenient. 

When the rclatlv*: unit of any line is fo divided into 
many fmall equal parts, thofc parts may be too numerous 
to be intiocliiced, or if introduced, they may be too 
clofe to one another to be readily counted or ellimated; 
for which reafon there have been various methods con- 
trived for* dlimating the aliquot parts of the fmall diu- 
fions, into which the relative unit of a line may be 
c.nmnodioufly divided r l^»*iniong thofe methods, 
Vernier’s has been moft preferred to all others. 
Vor the hiftory of this, and Olhcrinventlons of a fimilar 
nature, fee Robins’s Math. Trads, vol, 2, p 265, 
&c. 

Veniiei’s fcale is a fmnll moveable arch, or fcalc, 
Aiding along the limb of a quadrant, or any other 
graduated fcale, and divided into equal parts, that are 
one lefs in number than the divilions of the portion 
of the limb correfponding to it. So, if we want to 
fubdivide the graduations on any fcale into for ex. 10 
equal parts ; we mult make the Vernier equal in length 
to II of thofe graduations of the fcale, but dividing 
the fame length of the Vernier itfelf only into 10 equal 
parts j for then it is evident that each divifion on the 
Vernier will be Tffth part longer than the gradations 
on the inllrumcnt, or that the divifion. of the former is 
equal to of the degree on the latter, as that gains i 
in 10 upon. this. 

Thus let AB be a part of the ^ 

upper end of a barometer tube, 
the qiiickfdver {landing at the 
point C; from 28 10*31 is d 
part of the fcale of inches, via, 
from 28 inches to 31 inches, 
divided into loths of inches; 
and the middle piece, from i to 
10, is the Vernier, that flidcs 
up and down in a groove, and 
having 10 of its divifions equal 
fo n tenths of the inches, for 
the purnefe of fubdividing every 
jotKot the inch into 10 parts, 
or, the inches into ccntcfms or 
1 00th parts. In pradicc, the 
method of counting is by ob« 
ferving (when the Vernier js 
let with its index at top point- 
ing exadly againft the upper 
furface of the mercury in the 
tube) which divifion of the Vernier it is that exaftly^ 
or neareft, coincides with a divifion in the fcale of loths 
of inches, for that will (Jicw the number of tooths, 
over the loths of inches next below the index at top. 
$0, in the annextd figurci the top of the Vernier it 
l^tween 2 thd ' 3 teotM Mhoyt the 30 inches of yhe 
l^irometer ; and becaufe tlie 8th divifion of 

it feet) to coincide withii divifion of the (calc, Uiit 
ftiwa that k is 8 denlefmt that height 

' lif the qnickfilvcr aliogctheri it 39'x8| vh 30 




inches,. and 18 hundiedibs,^ or z t^thi end 8 him. 

dredllis, ' 

if the fcale were not inches and locht, but degrees 
of a quadrant, &c,'then the 8 would-be ,Vof a degree,, 
or 48" ; or if every divifion on the fcale be 10 minutes, 
thin the Vernier will fubdivide it into Angle minutes, 
and the 8 will then he 8 minutes. And fo for any 
other cafe. 

By altering the number of divifions, either in the 
degrees or in the Vernier, ox in both, an angle can be 
obferved to many difTcrent degrees of accuracy. Thus, 
if a degree on aquadiant be divided into 12 parts, each 
being 5 minutes, and the IcngtKof the Vernier be 
fuch parts, or and divided into 20 parts, then 

-L.X — — — -'ii— ff 

12 20 240 4 ^ ’ 

is the fmalleft divifion the Vernier will meafure to : 
Or, if the length of the Vernier be 2° iV, and divided 
into 30 parts, tlien 

30 ^ 360 6 

is the fmalleft part in this cafe; Alfo 
I t 
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is the fmalleft part when the Vernier extends 
Gee Roliertfon’a Navigation, book 5, p. 279, 

For the method of applying the Vernier to a qiir.- 
drant, fee /fW/ej’x Quadrant. And for the appli- 
cation of it to a teltlcope, and the principles of itj 
conftrudlion, fee Smith’s Optics, book 3, fed. S61. 

VERSED-iS‘/«;', of an arcli, is the pan of the diame- 
ter intercepted between the line and the commcncemeuL 
of the arc ; and it is equal to the differtnee between the 
radius and the cofinc. See Verfcd’^i^h, And io;- 
coverfed f\ne^ fee C 0 V E R s E D • Sm* 

VERTEX of an yhight is the angular point, or the 
point where the legs or Tides of the angle meet. 

Vertex of a Fijure^ is the uppermoft point, or the 
vertex of the angle oppofite to the bafe,. 

Vertex of a Cutvr^, is the extremity of the a\i> 
or diameter, or it is the point where the diametu 
meets the curve ; which is alfo' the vertex of the dia- 
meter. 

Vertex oJ‘ a Glafs^ in Optics, the fame as Its pole. 

Vertex is alfo ufed, in Aftronomy, for the point 
of the heavens vertically or perpendicularly over our 
beads, alfo called the zenith. 

Vertex, See Path. 

VERTICAL, fomtthing relating to the vertex or 
liigheft point. As, 

VERTICAL, Pointy in Aftronomy* is the fame with 
veitex, or zenith, — Hence a ftar is faid to be Vertical, 
when it happens to be in that point which is perpcii* 

^ dicularly over any plact. 

ViRti9AL)'Orf/f* is a great circle of the fphere, 
throu^ the ^enhband nadir of a place.-— The 
Veni^ circles are alfo ailed The meildian 

f pfluyi^ce jl 4 Vertical cirelti that particular 
. .onpjWhlib pifc ol'teuth point 0* 

fo tWxciSb; fh3 ‘ 

’ ^ ^ The 
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’The ufc of llie Vertical circles is to ellimate or 
wafurc the height of the (lars 3 cc, and their diftanccs 
from''the zenith*^ which is reckoned on thefe circles ; 
and. to find ihcir eaftem and weOern amplitude, by 
obfervin^ how manjr degrees the Vertical, in vvliich 
the ftar rifesor fets, is diihnt from the meridian. 

Prime Vkrttcal, is that Vertical circle, or azimuth, 
which paflcB through the poles of the meridian ; or 
'W'hioh is pcrpendicijlar to the meridian, iuul palfes 
through the cquino6^ial point.®. 

Prime Verticals, iu Dialling. See Prims /V- 

tic'ih* 

Vertical of the Sun^ is the Vcitical which pafTcs 
through the centre of the fiin at any moment of tii.ie. 

—Its ufe is, in Dialling, to find the declination of tlie 
plane on which the dial is to be drawn, which i.s dotie 
by obferving how many degrees that Vertical is dillant 
from the meridian, after marking the point or line of 
the fhadow upon the plane at any times. 

V 1* R 1 1 c A L DinL See Vertical Dial. 

Vertical Ltne^ in Dialling, is a line In any plane 

pcipcndicular to the horizon. This is btll found 

and drawm on an tvQ^ and reclining plane, by dcadily 
holding up a firing and plummet, and then marking 
two points of the fhadow of the thread on the plane, 
a good diflance from one another ; and drawing a line 
thiough thefe marks. 

Vertical jL/we, in Conics, is a line drawn on the 
Vertical plane, and through the vertex of the cone. 

Vertical L/>;e, in PerT])edIive. See Vertical , 

Vertical PUnty in Conics, is a plane palling 
through the vertex of a cone, and parallel to any conic 
feflion. 

Vertical Planey in Pcrfpedivc. See Plane and 
Perspective. • 

Vertical yin^ksy or Oppofte Angles y 
•n Geornetiy, arc fuch as have their 
li-gs or fules continuations of each other, 
mid which confequctttly have the fame 
vertex or angular point. So the angles 
a and h are Vertical angles j as alfo the 
i'liglcfl c and el. 

VERTICITY, is that property of the magnet or 
loadftonc, or of a needld &c touched with it, by which 
jt turns or dirctls itfelf to feme peculiar point, as to 
Its pole. — The attradlioii of the magnet- was known 
long bef{>re its Vcrticity, 

VERU, a comet, according to fome writers, re- 
fe nbling a fpit, being nearly the fame as the lonclu'tcs, 

‘uily its head is rounder, and its train longer and fharper 
pointed. 

VjpSPER, in Aftronomy, called alfo Uefpemty and 
the Evening Staty is the planet Venus, when flic is 
^.illward of the fun, and confeqiierttly lets after him, 
t*nd iliincs as an evening liar. 

VESPERTINE, in Aftronomy, is when a planet 
defeending to the W'cfl after fuiiTet, or fhines as an 
evening (lar. ^ . 

VIA LActea, in AHroncmy, the milky way, or 
^alaxyl See GAlaxv. 

Vi A, Solis, or fun*j nvay, is nfed among aflrono- 
for tile' ecKptic line, or path in whicli the fun 
wore.^. 

VIHRaIJON, in Mechanics, a regular reciprocal 


1 
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which 

bang ficcly fufpended, livings or vibratts from lide to 

iVTcchanical aiithoi.® 
the term ofcillui io/ly 


inflcad of Vibration, often ufc 
Ipecially when fpeaking of a body 



that thus Iwings hy mo.ms of its own gravity or \vi itrht.' 

I he Vibiaiions of the f.inu' I'cndtihim .^re all ifo 
c hronal i that is, they arc pufo.incd m a„ equal time, 
at kail ID the fame latitude ; tor in Imver latitudes they 
aie toiind to be Hoivcr than iu bijlier oiuj See Pt/ 
nt-LUM lu our latitude, a penduluiujy; iiul.es long! 
Vibiates fecoiids, mahiiig 60 Vibiatiom, iu a miiuiu-. 

I be V ibi.atiuus ot a longer peudulum take up more 
time tlian thole of a Ihoitei one, and that in the fub- 
dupheatc ratio of the lengilis, o, the ratio of the fquaiJ 

roots of the kuHlbs. -niiis, it one' pendulum be 40 

melies loup, and auotlier oidv to iiichen Ion.', the 
former will he double the lime oftbe latter iu perfoi iniu.r 
a Vibiatiou i for A/40 : ^10 ; : ,74 ; 
f to i. Ami beeaufe the number of Vibrations, made 
III any given lime, is reciproeally as tlic diirallou of 
one Vibration, therefore the number of fneli Vibration; 
is in the reciprocal fubdiiplicatc ratio of the lemrihs of 
the pendulums. ^ 

M. Moiiton, a pritll of Lyons, wrote .atreatife, ex- 
preisly to fliew, that by means of the number of Vibra- 
pendulum, in a certain time, may be 
elUbhfhcd an umveifal meafurc throughout the whole 
world ; and may fix the feveral mtafurcs that are in life 
among tis, in fueh a manner, aa that they might be 
recorered ag.ain, if at any time they thould chance to 
be lolf, as la the cafe of mod of tlic ancient meafure! 
which wc now only know by conjtdnre. * 

The ViBRAnoNS uf a StrilUed CM, or Slrmi; 
arifc from ita elalHcity j which power being in thi. 
cafe fimilar to gravity, as aaing uniformly, the Vibra- 
tioiis of a chord follow ijie fame laws as tjiofc of pen- 
dulums. Coiifeqiiently the Vibrations of the fame 
cliord equally llretchcd, though they be of unequal 
lengtiis, are ifuclironal, or .are performed in equal 
hineaj and the fquarts of the times of Vibi ation arc to 
one another iiiveitely as their tenfions, or powers by 
which they are llretchcd, ^ 

The Vibrations of a fpring too arc proportiomil to 
♦ tlie powers by wlukh it is benu Thefe follow the 
fame laws as ihofe of the eliord and pendulum ; and 
confcquently arc ifochrunul } which is the foundation 
of fpring watches. 

ViBRAFiONs are alfo uftd in PhyJiiSy 8 ccy and for 

^vtral other regular alternate nunions. Smf.ition, for 

iiillance, is fiippofcd to be perfi)rmed by means of the 
vibratory motion of the coiucuts of the nerves, begvm 
by external objects, and propagafedto the brain. 

This doctrine has been particularly illuhratecl bv 


particularly illuhiTited by Dr. 
H.uthy, who haB extended it faitlicr tlinii any other 
writer, in elfabliHiing a new theory of our mental 
operations. , ' » 

The fame ingenious author ulfo a.ppluA tlic ilprfiimc - 
of Vibrations to the explanation of murciilui morion 
which Jie thinks is performed in the fame general 
ntrr hjufaiion ami tlie perception p? i&as, , 

particular account of his tjjeory, and the arguments 
by which U w lupportcd, fee his Qbfcrvatloas 041 Man. 
voUiv ? . 

+ ° * tbr 
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The Several forts and rays of light, 'Newton conceives 
to make Vibrations of divers magnitndes ; which, ac- 
cording to thofe magnitudes, excite fenfatious of feveral 
colours.; much after the fame manner as Vibrations 
of air, according to their feveral magnitudes, ex- 
cite fenfations of feveral founds. Sec the article Co- 
lour. 

Hcdt, according to the fame author, is only an 
accident of liglit, occafioned by the rays putting a 
iine, fublile, ethereal medium, which pervades all bo- 
dies, into a vihntive motion, which gives us that fen- 
fationt See Heat. 

From the Vibrations or pulfcs of the fame medium, 
he accounts for the alternate fits of eafy icflexion and 
eafy tranfminion of the rays. 

In the Philofophical Tranfaflions it is' ohferved, tliat 
the butterfly, into which the iilk-worm is tr.insfoimed, 
makes 130 Vibrations or motions of its wings, in one 
coition. 

VI ETA (Francis), a very celebrated French ma- 
thematician, was born in 1540 at.Fontenai, or Foiuenai- 
le- Comte, in l^)wer Poitou, a province of France. 
He vs»as Mailer of Rcqiicfta at Pans, when' he died in 
1603, being the 63d year of his age. Among other 
branches of learning in which he excelled, he was one 
of the moft refpeftable mathematicians of the i6th 
century, or Indeed of any age. His writings abound 
with marks of great originality, and the fmell genius, 
as well as intenfe applicriion. Flis application was 
fuch, that he has fometimea remained in his lludy for 
three days together, without eating or fleeping, His 
inventions and improvements in all parts of the mathe- 
inalics were very eonlidcrablc. lie was in a manner 
the inventor and introducer of Specious Algebra, in 
which letters are ufed inllead of numbers, as well as 
of many beautiful theorems in that fcicucc, a full ex- 
planation of which may bo feen under the article Al- 
gebra. He made alfo coufiderable improvements in 
geometry and trigonometry. His angular fedions are 
a very ingenious and mallcrly performance; by thefe 
he was enabled to lefolve the problem of Adrian Roman, 
propofed to all mailiematiciaiis, amounting to an equa- 
tion of the 45th degree. Romanus vvas fo (Iruck with 
liiiT fagacity, that he immediately quitted his relidence 
of \V irtzbour^ in Franconia, and came to Franc^to vitit ♦ 
him, and folicit his friendfiiip. His Apollonius Gallus, 
being a relloration of Apolloniuses trad on Tangcncies, 
and many other geometrical pieces to be found in his 
works, ihew the fincll tailc and genius for true geome- 
trical fpcculutigns.— He gave fome mallerly trads on 
Trigonometry, both plane and fpherical, which may 
be found in the colledion of his works, publilhcd at 
Leyden in 1646, by Schooten, befrdes another large 
and feparate volume in folio, publilhcd in the author’s 
life-time at Paris in I579» containing extcnfive trigo- 
nometrical tables, w'ith the conftrudion and ufe of the 
fame, wlvich arc particularly deferibed in the intro- 
dudiiin to my I^ogarithm?, pa. 4 3 c c. To this complete 
trtaufc on Trigonometry, plane and fpherical, are 
fubjolned feveral mifcellancous problems and obferva- 
tions,- fuch as, the quadrature or the circle, the dupli- 
cation of the cube, &c. Computatrons arc here given 
of the ratio of the diameter of a circle to the circumfe- 
^tace, and of the length of the fine of t minute, both 


tb' a great many places of -by which he found 

that the fine of i minute ii 

between 30 oS 8 #f 95 o 
and ''390888205^; 

alfo the diameter of a circle bein^ I coo &c, that the 
perimeter of the i'nfcribed and circumrcribed polygon 
of 393216 Tides, will be as follows, viz, the 

perim, of tlie inferibed polygon - 3m $926^3; 

perim. of tlieclrcumfcribedpolygon 31415926537 

and that therefore the circumference of the circle lies 
between thofe two numbers. 

Vieta having ohferved that there were many faults 
in the Gregorian Calendar, as it tlien exilled, he com- 
pofed a new form of it, to which he added perpetual 
canons, and an explication of it, with remarks and 
objedions againft Clavius, whom he aceiifed of having 
deformed the true Lelian reformation, by not lightly 
underflanding it. 

BtTulcs thofe, it feems a work greatly eftcemed, and 
the lofs of wliich cannot be fuffieiently deplored, was 
his limmomcon which, being communicated to 

father Mcrfcnne, was, by fome perfidious acquaintance 
of that honefi-minded perfon, furreptitioully taken from 
him, and irrceovcrably loll, or fiipprefTed, to the gieat 
detriment of the learned wmrld. There were alio, ii 
is faid, other works of an allronomical kind, that have 
been buried in the ruins of time. 

Vitta was alfo a profound decipherer, an accom- 
plilhmcnt that proved very ufeful to hiscountiy. A*: 
the ditTercnt parts of the Spauifii monarchy lay veiy 
dillant from one another, w'hen they had occalion to 
communicate any fccret defigng, they wrote them in 
ciphers and unknown charadlers, during the difordci . 
of the league ; the cipher w^as compofed of more than 
500 different charaflers, which yielded their hidcle i 
contents to the penetrating genius of Vieta alone. Hi'' 
Ikill fo difconccrted the Spanifii councils for two year^, 
that they publiflied it at JRome, and other i^aris of 
luirope, that the French king had only difeovered theit 
ciphers by means of magic. 

VINCULUM, in Algebra, a mark or character, 
cither drawn over, or including, or fome other way 
accompanying, a faftor, divifor, dividend, &c, wIru 
it is compounded of feveral letters, quantities, or terni.- , 
to conned them together as one quantity, and flicw 
that they arc to be multiplied, or divided, 3 cc, toge- 
ther. 

Vieta, I think, firft ufed the bar or line over the 
miantiiies, for a Vinculum, thus a ^ ; and Albeit 
Girard the parenthcfis thus (a b)\ the former way 
being now chiefly ufed by the Englifh, and the latter 
by moft other Europeans. Thus a b k Cy or 
(a ’\-b) X r, denotes the prod ud of c and liie fum 
a h confidcred as one quantity. Alfo -f A or 
^ (a denotes the fquare root of the fum -f A 
oometimee the mark ; is fet before a compound fai^or, 
as a Vinculum, efpeciaHy when it is very long, or an 
infinite feries ; thus X : 1 — 2.v + 3.*^ — 4^^ 4 * 5 ^* 
3 tc. 

VINDEMIATRJX, or Vikdsm»ator, a fixed (lar 
of the third magnitude, in the nbrt})cri» wing of the 
conllcHfltion Vii^o. , 

VIRGO, 
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VIROO> iq.AiUonomy, one of the figna or con- 
flcllatIo«s of the zodiac, which the fun enters about 
the 2ift or a 2d of Auguft ; being orve of the 48 old 
court cllat ions, and is nnentioned by the aftrononim of 
all ages and nations, whofe works have reached us. 
Anciently the figure was that of a girl, almoft naked, 
with an ear of corn in her hand, evidently to denote 
the time of harvert among tlie jieople who invented 
this fign, whoever they were. But the Greeks tnnch 
altered the figure, tvith clothes, wings, &c, and vari- 
uufly explained the origin of it by their own fables ; 
thus, they tell us that the virgin, now exalted into 
the fkies, was, while on earth, that Juftitia, the daugh- 
ter of Artracus and Ancora, who lived in the golden 
age, and taught mankind their duty ; hut who, when 
their crimes increafed, was obliged to leave Uic caith, 
and take her place in the heasTns. Again, Hcfiod 
gives the celcrtial maid another orioiii, and lays flie 
was the daughter of Jupiter and Tluinia. '’riitie aie 
allb olheis wlio depart from both thei'e accounts, and 
make her to have been Erigone, the daughter of 
Icarius: w hile others make her Parthene, the daughter 
of Apollo, xvho placed her theie ; and others, from the 
ear of corn, make it a reprcfcntalion of Ccicsj and 
others, from the obfcurlty of her head, of Fortune. 

The ancients, as they gave each of the 12 months of 
the year to the care of foine one of ihe iz principal 
deities, fo they alfa threw into the proiciStion of each 
of thefe one of the i 2 figns of tlie zodiac. Hence 
.Virgo, from the ear of corn in her hand, naturally fell 
to the lot of Ceres, and we accordingly find it called 
Signum Cercris. 

The rtars in the conHellation Virgo, in Vtoloniy’s 
catalogue, are 3a 5 in Tycho'i 33 ; in Hevelius’s 50; 
and in the Britannic no. * 

VIRTUAL FocuSf in Optics, is a point in the 
axis of a glafs, where the continuation of a refraifKd 
!.iy meets it. Thus, let D be the ceutre, and JDBE 



tlie axis of the glafs AB ; upon which falls the ray 
FA. Now this ray'will not proceed ftraight forward, 
as AH, after parting the glafs, but w'ill take thecourfe 
AK, being dcfledled from the perpendicular AD. Jf 
then the rcfradled ray KA be produced, by AE, to the 
axis at E, this poiijt E Mr. Molineux calls the Virtual 
focus^ or point ^ divergence, 

VIS, a Latin word, fijgnlfyitig force, or poiycr; 
adopted by writers on: phyl^9, to exprefs divers kinds 
uf natorai poiyers ot faculties. 

The term Vis is cither a^ive or paffive : the / u 
oSiva is the power of producing motion $ ^ the Vis 
P^JJiva is that of receiving or lortng it. Vis 

oQiva if again fubdivided into Vis viva and Vis mor- 
tua, [ 

Via 4^foluta^ or sthfolute force^ is that kind of cen- 
tripetal force Whicli is incafured*by the motion that 
Would bo genersited by it in a given body, at a given 


diftance, and depends on the efficacy of the caufe pro* 
ducing it. 

Vis ylccelcratrix^ or accelerating force^ is that centri- 
petal force which products an accelerated motion, and 
IS proportional to the velocity which it generates in 
a given time ; or it is as the motive or ubfolute force 
dlrcflly, and as the quantity of matter moved iu- 
vcrfely. 

Vis Imprejfa is defined by Newton to be the a£llon 
cxercifcd on any body to change its rtate, eitlicr of reft 
or moving uniformly in a light line. 

This force confifts altogether in the a< 51 ion ; and has 
noplace in the body after the adtion is ceafed : for the 
body pcrfcvercs in evcr)» new date by the Vis hiettia 
alone. 

This Vis imprelTa may arife from various caufes; as 
fiom percurtion, prcllion, and ccnti ipctal h>rcc. 

Vis VuttitCf or power or itia£livjly, is defined by' 
Newton to be a power implanted in all matter, by vvliicli 
it refills any change endeavoured to be made in Its 
date, tlnit is, by whicli it becomes difficult to alter 
its rtate, either of rert or motion. 

This power then agrees v/ilh the Vis rtjiji<.n<hy or 
power of refirtiug, by which every body endcavoins, 
as much w\ it can, to perfevere in its own Hate, whether 
of rert 01 uniform rectilinear motion ; which power ia 
ftill proportional to the l^ody, or to the quantity of 
matter in it, the fame as tlic weight or gravity <;f i]ie 
body ; .atid yet it is quite dirtlrent from, tind ,<ven in- 
dependent of the force of gravity, and would be and 
aft juft the .fame if the body were devoid of gravity. 
Thus, a body by this force rcliils the fame in all diiec- 
tions, upwaids or downwards or obliquely; wlitreas- 
gravity adls only downwards. 

Bodies only exert this power in clianges brought on 
their ftate by foinc Vis impreJJ'ay force impre/Icd cu 
them. And th.e oxerciTe oi this power is, in diffircnt 
refpcdls, both reiillance and impetus; rchnanoe, as 
the body oppofes a force iinpicffi.'d on it to chwingc itfi 
ftate; and impetus, as the fame body eiuleavouis to 
change the rtate of the rtlirtiiig obllacle. Thil. Nat. 
Piiiic. Math, lib. I. 

'Fhe Vii Imrtiif, the fame great author eirewhcre 
obferves, is a paffive piinciple, by which bodies peilill 
in thch* motion or rell, and receive motion, in propor- 
tion to the force imprtffiiig it, and rtfift as much ao 
they are refi (ltd. bee K k s 1 st a n c t .. 

Vis lnfita^''or innate /one of mattci, is a power of 
refifting, by which every body, as much as 111 it lies, 
endeavours to perfevere in its prefent Hate, wlicther of 
reft or of moving unifoiinly forward in a right line. 
This force is always propoitlonal to the quantity of 
matter in the body, and dirters in nothing from the 
Via iAertiir, but in our manner of conceiving it. 

V I s Centripetal Bee C k h r r i p J t a l Force, 

Vis Alotrtx^ or moving force of a centripetal body, 
is the tendency of the whole body towards i^he centre, 
refulting from the tendency of all the parts, and is pro- 
portional to the motion which u generates in a given 
time ; fo ihat tlie Vis motrix is to the Via acccicrairix, 
as the motion is to the celerity : and as the quantity 
of motion in a body iscilimated by tbcprod«« of the 
velocity into the quantity of matter^ fo the Vis niotWx 

. arife 
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arUea from the Vij accelcratrijt multiplied hy the quan- 
tity of matter. 

The followers of Leibnitz ufc the term I^ts mofrix 
for the force of a body in motion, in tlie fame fepte as 
tlie Ncwtonlaiia ufc the term Vh ineriia ; this latter 
they allow to be inherent in a body at red: ; but the 
former, or Vis raotrix, a foice inherent in the fame 
hotly only whilft in motion, which adually carries it 
fio:ri place to place, by ading upon it always with the 
r.t lie inttnfity in every phyfical part of the line which 
it dcferlbcP. 

Vis Morittj^ and Vis Plva^ m Mechanics, are 
terms ufed by Leibnitz and his followers fur force, 
wliich they didingiiilh into two kinds, Vh jwithuiy and 
VU viva ; underftandin;^ the former any kind of 
iireffure, or an endeavour to move, not fuflioicnt to pro- 
duce adtual motion, unlel's Its a< 5 lion on a liody be cun- 
'iinued for feme time ; and by the latter, that foice or 
power of acting which reddesin a body in motion. 

VISIBLE, iometliing that is an object of vilion or 
fight, or the propeily of a thing fecn. 

'Die Carttliana fay that light alone is the proper oh- 
jeft ofvijion. Bnt according to Mewton, coluiii alone 
IS the proper obje(i\ of light ; colour being t!ut pioptrty 
of light by which the light itfelf is Vifible, and by 
•which the images of opake bodies are painted on the 
letina. 

yh in the 'SiituUion nml Place of VifihU Ohje^s : 

Philofophcrs in general had formerly taken for grant- 
ed, that the place to which the eye refers any Vilible 
obje<£l, fan by rcfiedllon or refraction, is that in which 
the vifual ray meets a peipendicnlar from the ohjciT 
upon the refteding or tiie rcfradingpljiic. That this 
is the cafe with refptd to plane mirrors is univcrfally 
acknowledged ; and fome experiments with mirrors of 
other forms feem to favour the fame concliifion, and 
thus affoid leafon for extending tlie analogy to all cafes 
of Villon. If a right line be held perpendicularly over 
a convex m* concave mirror, its image feems to make 
one line vvitli it. The fame is the cafe with a right 
line held perpendicularly within water; for the pait 
which is within the water feems to be a contimiation 
of that which is without. But Dr, Barrow called in 
quellion this method of judging of the place of an objed, 
and fo opened a new^ field of inquiry and debate in this 
branch of fciencc. This, with other optical invefliga- 
tioup, he publlfhcd in his Optical Ledures, firft printed 
in 1674. According to him, w’e refer every point of 
an objtd to the place from which the peueds of light 
iffuc, or from which they would have imied, if no re- 
lieving- or refrading fubftance intervened. Purfuing 
this principle, Dr, Barrow proceeded to invelligatc the 
place in whicli the rays iflimig from each of the points 
»of an objed, and that reach the eye after one refiedion 
or tefradion, meet ; and he found that when the re- 
frading furface was plane, and the refradion was made 
from a denfer medium into a rarer# thofcirays would 
always meet in a plaw between the eye and a perj»ch- 
dicular to the point of incidence^ . If a convex mirror 
bc .nicjili the cafe will be the. fame 5 but if the mirror 
be pbmc, th^ rays will meet in tjic perpendicular, apd 
beyond it if it he concave, Hc^.alfqidetrrmlucd, 


cording to thefe principles# wh^t form the lajtgeofa 
right litie will take when it itf prefented in d&crcnt 
manners to a fpherical mjrror, or when it is feea through 
a refrading medium. 

Dr, Barrow however notices an objedibn agaiiift 
the maxim above mentioned, concerning the fiippofed 
place of vifiblc objeds, and candidly owns that he was 
not able to give a fatisfadory fohition of if. The ob- 
jedion is this ; Let an objed be placed beyond the 
focus of a convex lens, and if the eye be clofc to the 
lens, it will appear confufed, hut very near to its true 
place. If the eye be a little withdrawn, the confufion 
will Increafe, and the objtd will feem to come nearer; 
and when the eye is very near the focus, the confufion 
will be very great, and the objed will feem to be clofc 
to the eye. .But in this expciiment the eye receives 
no rays but thofe that are conveiging ; and the point 
fiom which they ilTue is fo far ftom being nearer than 
tlie objed, that it is beyond it ; notwithftandfng which 
the objed is conceived to be much nearer than it i;;, 
though no veiy dillind idea can be formed of its pie- 
eife dlllance. 

The til ft perfou who took much notice of Dr. Bar- 
row’s hypothefis, and the dilftculty attending if, wa^ 
Dr. Bcikcley, wjio (in his Eftay on a New 'idieoiy of 
Vifion, p* 30) obfcives, that the circle formed upon 
the retina, by the rays which do not come to a focus, 
produce the fame confufion in the eye, whctln r they 
crofs one another before they reach the retina, or tend 
to it afterwards ; and therefore that the judgment 
concerning diftance will be the fame in both the cafes, 
without any regard to the place from which the ra)D 
originally ifTued ; fo that in this cafe, by receding 
fjom the lens, as the confufion increafes, which alwais 
accompanies the nearnefs of an objed, the mind will 
judge that the objed comes nearer. See Jpparcnl 
Distance, 

M, Bougiier (in ids Traltc d’ Opilque, p. 104) 
adopts Barrow’s general maxim, in fuppofing that wc 
refer objeds to the place from which the pencils of 
rays feemingly converge at their entrance into the pupil. 
But when rays iffuc from below the iurface of a velkl 
of water, or any other retVading medium, he findb 
that there are always two different places of this feem- 
ing convergence ; one of them of the rays that iffuc 
from it in the fame vertical circle, and therefore fall 
wiili diffcient degrees of obliquity upon the furfacc 
of the refrading medium ; and another of thofe that 
foil upon the furface with the feme degree of obliquity, 
entering the eye laterally with refped to one another. 
He fays, Tomctiracs one, of thtfe images is attended to 
by 'the mind, and fometinits the other ; and different 
images may be obferved by different perfons. And he 
adds, that an objed plunged in water affords an ex- 
ample of this duplicity of Images. 

G. W, Kfafft has ably fupported Barrow’s opinion, 
that the place of any point feen by refledion from the 
furface of any medium, is ‘that in which rays iffuing 
from it, iniinit\ffy near to one a‘nothcr, would meet ; and 
conftdcring the cafe of a diftant objed yiew?d in a 
concave mirror, by au. eye very near it, when the image, 
‘aceptding tp Eucifd and other wri ten, would be be- 
tween, the eye ahd the objed, and bairow^s rule cannot 
be njp^ied, W fays that {a'tTis qafe life fpcculum may 
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he -cAnfiderpa aft a plaac* the effea being the fame, 
only that the image Is more ohfeure. Com. Petrepoh 
Tol. 1’, p. 253. 256. See Pricfllcy's Hift. of Licht 
p. 89, 688. , ^ 

* From tlie principle above illuftrated feveral remarka- 

We phenomena of vifion may be accounted for: as 

That if the diftrnce between two ViTible objeds be an 
angle that is infenfible, the diftant bodies will appear 
as if contiguous: whence, a continuous body being 
the refult of fevcral cOntigitoua ones, if the diftanccs 
between feveral Vifibles fubtend infenfible angles, they 
will appear one continuous body ; which gives a pretty 
illudration of the notion of a continuum. — Hence alfo 
parallel lines, and long villas, confiding of parallel 
rows of trees, feem to conferge more and more the 
farther they are extended from the eye ; and the roofs 
and floors of long extended alleys feeii, the former to 
defeend, and the latter to afeend, and approach each 
other; becaufe the apparent magnitudes of tlielr per- 
pendicular intervals are perpetually dimiuifhing, while 
at the fame time we midake their dIdance. 

Jls io the Di/Jerent Di/lances of f^fible Ohjetls : 

The mind perceives the didance (Jf Vifihle ohje^ls, 
id, From the diflerent configurations of the eye, and 
the^ manner in wliich the rays llrikc tlie eye, and in 
which the image is imprefled upon-it. For the eye 
difpofes- itfclf diderently, according to the different 
didances it is to/ee; viz, for remote objcfls the |ni- 
pil^ is dilated, and the crydalline brought nearer the 
retina, and the whole eye is made mote globous ; 
on the contrary, for near objeAs, the pupil is con- 
traded, the crydalline thruft forwards, and the eye 
lengthened. ^The mode of perfornting this however, 
has greatly divided the opinions of philofopheis# See 
Prieftley’s Hill, of IJght See, p. 638 — 652, where the 
fevcral opinions of Defcartes, Kepler, La Hire, 
are Le Roi, Porterfield^ Jurin, Muflehenbroek, &c, 
Hated and examined. 

Again, the dl d?mce of Vifible objeds is Judged of 
by the angle the objed makes; from the didind or 
confufed reprefentation of the objeds ; and from the 
briflcncfft or fecblencfs, or the rarity or denfity of tlie 
rays. 

To this it is owing, id, That objeds which appear 
obfeure or confuted, are judged to be more, remote ; a 
principle which the painters make ufe of to caufe fome 
of their figures to appear farther didant than others on 
the fame plane. 2d, To this It is likeivife owing, 
tliat rooms w hofe walls arc whitened, appear the fmalN 
cr ; that fields covered with or white flowers, 

/hew Icfs than when clothed with grafs ; that moun- 
tain's covered with fnovy, in the night time, appear the 
rearer, and that o^ke bodies appear the more remote 
JO the twilight. 

MofftUude of Vifilte 

The quantity or magnitude of Vifible objeds, is 
known chiedy by the angle c(5ntained between two 
rays drawn frqtn the two extremes of the objed' to the 
centf« the^eye. An oHed appears fo large as is the 
angle it Chbtends; or bodies feen under a greater angle 


appear greater; and thofe undent Ivfs tingle Icfs, 
Hence the fame thing appears greater or refj 
as It IS nearer the eye or farther off. And this is 
called the apparent magnitude. 

But to judge of the real magnitude of an objed, we 
* hjr lince a near and n reinoic 
objed may appear under equal angles, though thelhug- 
nftudes be dilferent, the didance muft heceffarily be 
ediniated, bccaufc the magnitude is great or fmall ac- 
cording as the didance is. So that the real magnitude 
IS in the compound ratio of the didance and the appa- 
rent magnitude ; at lead when the fijbtended angle, or 
apparent magnitndc, is very fmall ; otlimvlfe, the real 
magnitude w'ill be in a ratio compounded of the dif- 
tance and the fine of the apparent magnitude, nearly, 
or nearer dill its tangent. 

Hence, objedi feen under the fame angle, have their 
magnitudes in the fame ratio as their dillances. The 
choid of an arc of a circle appears of equal magnitude 
from every point in the circumference, though one 
point be vafily nearer than another. Or if the eye he 
fixed in any point in the cucumfeicncc, and a right 
hue he moved round fo as its extremes be always in the 
peiiphery, it will appear of the fame magnitude in 
every pofition-. And the rcafon is, becaufe the angle 
it fubtends is always of the fame magnitude, Aiict 
hence alfo, the eye being placed in any angle of a re- 
gular polygon, the fidcs^of it will all appear of equal 
magnitude ; being all equal chords ofa circle defenbeer 
about it. 

If the magnitude of an objed diredly oppofitc to 
the eye be equal to its diTlance from tlie eye, the whole 
objed will be dillindly feen, or taken in By the eye, but 
nothing more. And the nearer you approach an objed,- 
the Icfs part you fee of it. 

The leaff angle under which an ordinary objed^ 
becomes, vifible, is about one minute of a degree. 

Of the Fignre of Vtftblt 

I’Mg is cllimatcd chiefly from our opinion of the 
fituatioii of the fever.il ji-rts of the object. This opi- 
nion of the fituation, &c, cnablw the mind to appre- 
hend an external objed under this or that figuic, more 
juflly than any fimilitude of the images- in the letinn, 
w'ilh the objed can ; tlie images being often cllipiic.d, 
oblong, 5 cc, v'hen the objedts they exhibit to the. 
mind are circles, or fquarts, 6cc. 

The Ians of vifion, with rcgaixl to the figures of 
Vifible objeds, are, 

r. That if the centre of the eye he exadly in the 
diredion of a right line, tlic line will appear only as a 
point. 

2. If the eye be placed in the diredion of a furface, ^ 
it will appear only as a line. 

5. If a body he oppoH-cl diredly towards the eye, ■ 
fo as only one plane of the furfacc^ can radkitc on it, the 
body wifi appear aj a furface. 

4. A remote arch, viewed by an eye in the fame * 
plane with it, will appear as a right line. 

5. A fpherc, viewed at a diftance, appears-a circle; . 

6 . Angular figures, at a diilance, appear round. 

7 . If the eye look, obliquely on the centre of 
regular figure, or a circle, the true figorC' will not 
be. feen ; but the circle wiU appear oval, ^ 
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Visible Ilorkortf Place^ ts^f. Bee. the fubftan- 
tivea. ' . . 

VISION, is the a<^ of feeing, or of perceiving ex- 
ternal obje^Jts by the organ of fight. , 

When an oWeel is fo difpofed,, that the rays of 
light, coming from all parts of it, enter the pupil of 
the eye, and prefent its image on the retina, that ob- 
jed is then fecn. This is proved by experiment,; for 
if the eye of any animal be taken out, and tlic /Ivin 
and fat be carefully flripped off from tlie back part of 
it, till only the thiiv membrane, which is Cv'lkd the 
retina, remains to terminate it behind, and any object 
be placed before the front of the ej'e, the pi<tiuve of 
that objeifl will be feen figured as with a pencil on that 
membrane. There are thonfands of experiments which 
prove that this is the mechanical effed of Vi lion, or 
feeing, but hone of them all appear fo conveniently as 
this, which is made with the very eye Itfelf of an ani- 
mal ; an eye of an ox newly killed (hews this liappily, 
and with very little trouble. It will indeed appear lin- 
gular in this, that tlic objtd is Inverted, in the pidurc 
thus drawm of It, in the eye ; and the cafe is the 
fame in the eye of a living perfon. 

Vailoiis other opinions however have been held 
concerning the means of Yilion among plillofo- 
phers. 

The Platonids and Stoics heU Vlfion to be c/feded 
by the emiflion of rays out of the eyes ; conceiving 
tliat there was a fort of light thus darted out ; which, 
with the light ' of the external ajr, taking hold as it 
were of the objeds, rendered them vifible ; and lhu« 
returning back again to the eye, altered and new mo- 
dified by thecontad of the objed, made an impieflion 
on the pupil, which gave the fenfation of the objed. 

Our own countryman, Roger Bacon, diftinguiflied 
as he was in many lefpeds, alfo afllnts to the opinion 
that vifiul ra}8 proceed from the eye ; giving this rca- 
fon for it, that every thing in nature is qualified to dif- 
charge its proper I’undions by its own pow'crs, in the 
fame manner as tlie fun, and other ccleilial bodies. 
Opus M.ijus, pa. 2S9. 

The ICpicureans held, that Vifion is performed by 
the emanation of corporeal fpcciesor images from ob- 
jeds ; or a fort of atomical effluvia continumly flying off 
from the intimate parts of objeds, to the eye. 

The Peripatetics hold, woth Epicurus, that ViAon is 
pci formed by the reception of fpccics ; but they differ 
from him in the ciicumllanccs ; for they will have the 
fpecics (which they call intentionales) to be incorpoical. 
It is tine, Ariilotlc's dednne of Vifjon, delivered in 
his chapter De A fpedu, amounts to no more than this, 
that objeds muff have fomc intermediate bculy, that by 
this they may move the organ of light. To wlilch he 
adds, in another place, that when we perceive bodicf, 
it is their fpecies, not tlieir matter, tlwt we receive ; 
as a feal makes an irnprefliou on wax, without the wax 
receiving atf)' thing of iIk fcal. 

But this vague and obfeure account the Peripatetics 
havo tliought lit to improve. Accordingly, what t^hdr 
mailer calls fpecicB, the diCciples, undcrllanding of real 
proper fpccics, affert, thj^t every yilible objed cxpreffls 
a perfea image of itfelf in the air contiguous to it; 
and this image another, fomewhat le/)^ in the ne^t ait ; 
and the third anotlier ; and fo on till the lall image ar- 
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rlvci at the cl'yftalllhc, which they hbld tor the chief 
organ, of fights or that which immcdhllely moves the 
foul. Tlicfe imagefi they call interition^lj^edes. 

The modern philoTophers, as the .Cartefians an 4 > 
Newtonians, give a better account of Vifion. They 
all agree, that it is performed by rays of light rc/lcded 
from the fcveral points of objeds received in at the pu- 
pil, refraded and colledcd in their paffage, through 
the coats and humours, to the retina j and tnis ftriking, 
or making an impreflion, on fo many points of It ; 
wliich Impreflion io conveyed, by the correfpondent ta- 
piil.imeiits of the optic nerve, to the brain, &c, 

Baptilla Poita’s experiments with the camera ob- 
feura, about the middle of ^he i 6 tli century, convinced 
him that vifion is performed by the intermiffion of foine- 
thing into the eye, and nqt by vifual rays proceeding 
fiom the eye,' as had been the general opinion before Ins 
time; and he was the firll wlio fully fat isficd himfclf 
ami others upon this fubjed ; though fcveral philolo- 
phci 3 Hill adhered to the old opinion. 

As for the Peripatetic Erles or chain of Images, it 
is a mere chimua ; and Ariflotle’3 meaning is better 
underllood without than with them. Jn fad, letting 
tliefc alide, the 4 rulo|cliiui, Caitelian, and Ncwtcmlun 
doctrines of Vilioii, are veiy confiflent with one ano- 
ther; for Newton imagines that Vilion is performed 
chiefly by the vihiationsof a fine medium (which peix*- 
trates all bodies) excited in the bottom of the eye by 
the ravs of light, and propagated through the capilla- 
ments of the optic nerves, to the fenforium. And 
Dcs Cartes maintains,, that the fun prefling the mateiia 
fubtili^ with which the whole iinivevfe is every wheie 
/nie 3 ,jhe vibrations and pulfes of that matter refleded 
fiom objeds, arc communicated to the eye, and thence 
to the fenfovy : fothat the adion or vibration of a me- 
dium is equally fuppofed in all. 

It is generally concluded then, that the images of 
objeds are rcprelented on thetetina; which is only an tx- 
panfion of the fine capillaments of the optic nerve, and 
from whence the optic nerve is continued into the brain. 
Now any motion or vibration," impreffed 00 one extic- 
mity of the nerve, will be propagated to the other : 
hence the Impulfc of the feveral rays, fent from the fe* 
vcral pointsof the objed, will be propagated as they are 
on the retina (th^ is, in their proper colours, &c, or 
in particular vibrations, or modes of preffure, con.- 
fponding to them) to the place where thofe capillaments 
are interwoven Into the fubllance ot the brain. And 
thus is Vifion brought to th^ common cafe of fenfa- 
tion. 

Experience teaches us that the eye is capable of 
viewing objeds at a cevtaia dillance, without any men- 
tal exertion. Beyond thisdiftaOte, no mental exertion 
can be of any avail: but, within it, the eye poflelfes a 
power of adapting itfelfto the Various occafions that 
occur, the cxcixiife of which depends on the volition of the 
mind. How this is effeded, is a problem that has very 
much engagcd'thc attention of optical writers ; but It is 
doiibtedr whether it has yet been fatisfadorily explained. 
The firH theory for the folution of this problem is that of 
. Ifceptcr* He fuppofes that the ciliary proc^es contrad 
the diatneter of the eye, and Icogibeti its axis by a mulcu- 
fer power. But Mr. Thomaa Y^blitig (in fomcJugciuojJ* 
Obiervationa on Vifion in the Pliilol, Tl'ranf. 1793) ^ 

Icrvcs, 
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fervci, that thcfc procefTes neither appear to contain 
any mufcular fibres, nor have any attachment by which 
they can ^ capable of performing this atlion. 

Des Cartes- aferibed this contra6>ion and elongation 
to a mufcularity of the cryftallinc, of which he fiip- 
pofed the ciliary procefTes to be the tendons ; but he 
neither dcmonflrated this mufcularity, nor fiifiiclenily 
ponfidered the connexion with the ciliary procelfes. 

De la Hire allows of no change in the eye, except 
the contradion and dilatation of the' pupil : this opi- 
nion lie founds on an cxperiuient which i:)r, Smith has 
fliewn to be fallacious. Hdllei adopted his hypothdis, 
nulwkhfianding its inconlillency with the principles of 
optics and conllunt experience. 

Dr. Pemberton fuppofes that the ci Yllalllnc contains 
nnil’culdr fibres, by which one of its furfaces la flatten- 
ed, while tlie other is made convex : but he has not de- 
inonflrated the cxiftence of thefe fibres ; and Dr. Jiirin 
has proved that fuch a change as this is inadequate to 
tlie effed. 

Dr. Poi-tcrfield conceives that the ciliaiy procefTes 
draw the cryftalline forwaul, and make llie cornea moic 
convex. But the ediary procefles aie incapable of tin's 
adion ; and it appears from Dr. Jinin's calculations, 
that a fuflicieiu motion of this ki^] requires a very vifi* 
blciiicrcafe in the length of the axis of the eye j an in- 
creafe which has never yet been obferverl, 

i)r. Jurin maintains that the uvea, at its attachment 
to the cornea, is mufcular ; and that the conlradionof 
this ring makes the cornea more convex. But this hy- 
pothefis is not fufiiclenily conllrmcd by obfervation. 

MufTchenbroekconjtdurcs that the ixdaxation of this 
ciliary zone, which is nothing but tlie capfulc of the 
vitreous humour where it rtceivts the impreffion of the 
ciliary procefTes, permits the coats of the eye to pufli 
forward the cryflalline and cornea. Such a voluntary 
relaxation however, Mr. Young obfeives, is wholly 
without example in the animal economy : befldes, if it 
adually occurred, the coats of the eye could not ad as 
he conceives ; nor could they ad in this manner wlth- 
<uit being obferved. He adds, that the conti-.uf’tion of 
the ciliary zone i^ equally inadequate and unntcefl'ary, 
Mr, Young, having examined thefe theories, and 
lomc others ot JeTs moment, proceeds to invcfligatc a 

more probable iblution of this optical difliculty. Ad- 

%trtiiigto the oljftrvaiio)! of Dr. Portcilield, that thole 
who have been couched liave not the jx^W’cr of accom- 
modating the eye to different dillances ; and to the re- 
fledions of other w liters on thih fubjed ; he was led to 
conclude that the rays of light, emitted by objeds at a 
fmall didance, coidd only be brought to foci on the 
retina by a nearer approach of the ctyftalline to a fphe- 
ncal form ; and he imagined that no other power was 
capable of producing this change, btfide a mufcularity 
v>f part, or of the whole of its eapfide -but, on clofcly 
e’xamiiiing fird with the naked eye and then wnth a 
magnifier, the cryftalline of an ox’s eye turned out of 
capfule, he difcovercd a ItruCtuie which feemed to 
remove the difficulties tliai liavc long embarrafl'ed this 
branch of opticsl 

** The cryftalline of the ox, fays be, is cornpofed of 
yariousfimilarcoats, each of which conliftsof fix naufcics, 
iuttrmixedj with a gelatinous fubftance, and attached 
fix o^mbranous tendons. Three of the tendons 
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arc anterior, three poftciior ; thcirjengtli is about 
two-thirds of tlie femidiamctcr of the coat ; their ac* 
rangement is that of three equal and cquidiftant rays, 
intetiiig in the axis of the cryltailine; one of the ante* 
rior is direded towauls the outer angle of the eye, and 
one of the pofteiiov to\\avds the inner angle, fo that 
the pofteiior are placed oppolite to the middle of the 
nitet ftic\s of tlie aiUci lor : and planes paffing thiougli 
e ieliot the Tin, and tliroiigh tlie axi;,, would maik on 
t ither furface lix regular etpn'diftant rays. The muicular 
libres .lufc fiom both lules of cueh tendon; they di- 
vcige tdl diey reach the groatcll e'ucumferencc Ot the 
coat; and, lunlngpaftcil It, they again converge, till 
they are at lav bed refpeilhvcly to the ftdes of the nearcii 
iviidonsol the oppolite fnilace. The anterior or pof- 
teiior poilion ot ilie fix, viewed together, exhibits the 
appearance of three penniform-rtulialcd nmlcles. The 
anterior tendons of all the cunts are iitunltd in the fame 
planes, and the pollci Iin- ones the coniinuatiohs of 
ihtfe planeu beyond the axis. 8uch an arrangement of 
librcs can be accounted for on no other fuppofition than 
that of mufcularity. This inafs is incloled in a ftrong 
mcmbianous capfule, to which it is loofely connected 
by minute velTels and netves ; and the connexion i« 
more obfervahle near its greateft circumference. Be- 
tween the mafs and its capfule is found a coniidcrablc 
quantity of an aqueous fluid, the liquid of the cryf- 
talline. 

** When the will is exerted to view an objetft at x 
fmall diftance, the iutluenee of the mind is conveyed 
through the lenticular ganglion, formed from branches 
of the third and fifth pair of nerves by the filaments 
perforating the fclerolica, to the oibiculus ciliaris, 
which may be confidered as an annular plexus of 
nerves and vcffels; and thence by the ciliary piocefles 
to the mufcle of the cryftalline, which, by the c^n- 
traiflion of its libies, becomes more convex, hikI coJ- 
leilds the diveiging rays to a focus on the retina. TIic 
difpofition of fibres in each coat is admiiably adapted 
to produce this change ; for, fincethe lead fuiface that 
can contain a given bulk is that of a fpheie (.Siinpfon's 
Fluxions, })a. ^86) the coin rac^t ion of any iiii/aec mult 
Irriiig iiB contents ne.ucrtoa Tplieiical finm, 7 ’h(: li- 
quid of the cryftalJinc feetnsto ferve n.s a fynovia in fa- 
cilitating ihe motion, and to admit a Inificicnt change 
tf the muicular pait, vvitli a Imaller motion of the 
cdpfiile. 

Mr. Young proceeds to enquire whether llicle fi- 
bres can piodiice an alteiaLion in tlie foim of tlie lens 
fiiflieiently great to account for the know n elfcvils ; and 
he finds, by calcnialion, that, fuppoling tlie ci) ftaftine 
to airume a fphtiical form, its dianuter will be 642 
thouTandths of an Incli, and its focal diftanee in the eye 
*yi6. Then, difugardiug tlif thicknelsol the cornea, 
we find (by Smith, art, 370) that fuch an eye will col- 
lect tbofc rays on the icIum, v.Iiicli diverge from a 
point at the diftance of 12 inehes and 8 tenths. This 
is a greater change than is iKCeiriiy fur an ox’rfcye ; for 
if it be Tuppofed capable ol didir.A Vifion at a diftance - 
foniewhat Id’s than 12 iiichts, yet it is probably far 
fhort of being- able to crilltdl par add uys. The human 
cryftaJJinc is I’ufccptible of a much greater change 6f 
form* The ciliary zone may admit, of as much exteo- 
fion this diminution of the diameter of tltc cryftal- 
4 P lujc 
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fine win require f and Its elafticity will aflifl tlie ctllutar 
texture .of the vitreous humour, and pcriiaps the ge- 
latinous part of the cryftalline, in relloring the indolent 
form.— Mr. Young appreliends that the foTc office of the 
optic nerve is to convey ftnfation to the brain ; and that 
the retina does not contribute to fnpply the lens with 
nerves.— As the human erv'OalUne refemhles that of 
the ox, it may reafonahly he piefumed that the 
adion of both organs depends on the fame general 
principles. 

This theoiy of Mr. Young*8 however is firongly op- 
pofed by Dr. Hofack, (Pln’lof. Tranf. 1794, part 2* 
pa. 196). He contelU the exilKncc (if the mufcles, 
which Mr, Young has deferibed, for fevtral reafons. 
Firft, from the tranfparency they muif pofTefs; ollicr- 
wife there would be fome irregularity in the refraOIon 
of thofe rays which pafs through the feveral parts, dif- 
fering both in fhape arrd dcnfily. Another circiim- 
ftance is the number (*>'’ tliefe muftles. Mr. Young de- 
fcribes 6 in each lamina; and as 1 .cuwenhoek makes 
2000 lamina in all, therefore the number of raufcles 
mull amount to 12 tlioufand, the adion of which, Dr. 
Hofack apprehends, muR exceed comprehonrion. But 
the exigence of thefe mufcles is Rill more doubtful, if 
the accuracy of Dr. Hofack’s obfcfvations be admitted. 
WithlheafllRanceof thcbeRglafl'es, and with thegreateR 
attention, he could not difeover the ftiudare of the 
cryRalline deferibed by Mr. Young, but found it to be 
perfedly tranfparent. He firRobferved the lens in its 
vifeid Rate, and then expofed different lenfes to a mo- 
derate degree of heat, fo that they became opaque and 
dry j and it was eafy to feparate the diRin^t layers dc- 
fcribcd by Mr. Young. Thefe were fo numerous as 
not to admit of having, each of them, 6 mufcles. 
Another confideration, which feems to prove that thefe 
layers, poffefs no diRind mufcles, is that, in this opaque 
Rate, they are notvifihle, but confiR of an almoR infi- 
nite number of concentric fibres, not divided into par- 
ticular bundles, but fimilar to as many of the fineft 
hairs of equal thicknefs, arranged in fimilar order. This 
regular Rrudbure of layers, cempofed of concentric fi- 
bres, Dr. Hofack thinks U much better adapted to the 
tranfmiflion of the rays of light than the irregular Rruc- 
turc of mufcles. Bcfides, it ought to be confidered 
that the ci'yftalline lens is not the moft effential organ in 
viewing objefts at different diftanccs ; and if this be the 
cafe,» the power of the eye cannot be owing to any 
changes in this lens.. It is a fa<^^, fays Dr. Hoiack, that 
we can, in a great degree, do without it ; as is the 
cafe after couching or extradiori, by which operation 
all its parts muR be dcRroyed, Dr. Porterfield, how- 
ever, and Mr. Young, on his authority, maintain that 
patients, after the operation of couching, have not the 
power of accommodating the eye to different diftancea 
ofobjefts. On the whole, Dr. Hofack concludes that no 
fuch mufcles, as Mr. Young has deferibed, exitt, and 
that he muft have been deceived by fome other ap- 
pearances that rcfemblcd mufcles ; neither will he allow 
the effefts aferibed to the ciliary proceffes in changing 
the (hape or fituatiori of the lens. 

Dr. Hofack then proceeds to illuftrate the (Irudure 
andufe of the external mufcles of the eye ; which arc 
6 HI number, 4 called re£li or Rraight, and 2 oblique, 
and by meant of whkh he thinks hufineft is 


cd. The common purpofes to which thefe mufcles srr 
fubfervient are vrell known ; but befide thefe, Dr, Ho- 
fack fiiggefts that it is not irtconfiRent with the gener.O' 
laws of nature, nor even with the animal ceconomy. to 
imagine that, from their combination, they Ihould have 
a different a^ion and an additional life. In dcfcribing 
the precife adion of thefe mufcles, he fuppofes an ob- 
jedl to be feen diRin^tly firR at the diRance of 6 leet ; 
in which cafe the pidture of it falls exadlly on the 
4ina. He then directs Ins attention to another objed 
at the diilance of 6 inches, as nearly as polfible in the - 
fame line. While he is viewing this, he lofey light of 
the firR objed, though the rays proceeding from it Rill 
fallen the eye; and hence he infers that the eye muR 
have uiuiergonc fome change; lb that the rays meet 
cither before or behind the retmu. But, as rays fiom a 
moie diRaiit objedl concur fooner than, thofe from a 
nearer one,, the pidure of the more remote ohjed muR 
fall before the retina,, while the others form a diRind 
image upon it. But yet the eye continued in the fame 
place ; and therefore the retina muR, by fome means, 
have been removed to a greatti diRance from the fore^ 
part of the eye, fo as to receive the pidure of the nearer 
objtd. This objed, he contends, could not be feen 
diRindly, unlefs the^ctlna were removed to a greater 
diilance, or the refrading power of the media ihTougli 
which tlje rays paffed were augmented; — but as the 
lens is the chief refrading medium, if we admit that 
this has no power of changing* itlelf, we are under the 
neceflity of adopting the firR of thefe twm fuppofitions. 

The next obje6l of inquiiy is, how the exteinal 
mufcles arc capable of producing thefe changes, Tiic 
redi are Rrong, broad, and flat, and arife from the 
back part of the orbit of the eye ; and, palling over 
the ball as over a pulley, they are inferted by broad flat 
tendons at the anterior pait of the eye. The oblique 
are inferted towardathe poRcrior part by fimilar ten- 
dons, When thefe different mufcles ad jointly, the 
eye being in the horizontal pofition, and every mulclc 
in adion contrading itfclf, the four redi by their com- 
bination muft comprefs the various parts of the eye and 
lengthen its axis, while the oblique mufcles ferve to 
keep the eye in its proper diredion andfituation, Tlic 
convexity of the cornea, by means of its great ehOi- 
city, is alfo increafed in proixirtion to the degree of 
prefTure, and thus the rays of light pafCng through it 
are ncccffarily more converged., The elongation of the 
eye ferves alfo to lengthen the media, in the aqneouf, 
cryRalline, and* vitreous humours through which the 
rays pafs,. fo that their powers of refradion are pro- 
portionably increafed. This is the general effed of t!.c 
contradion of the external mufcles, according to Dr. 
Hofack’s ftatement of it : to which it may be ad(led» 
that we poffefs 'the fame power of relaxing them in 
proportion to the greater diftance of the ob^ed, tiR "c 
arrive at the utmoft extent of indolent Vifion. Dr. Hu- 
fack idfo illuftrates this hypothefis by fome experi* 
ments. , 

The miTrctirefeaUtions of Vifion often depend upon 
the diftance of the objed. Thus, if an opake globe 
be placed at a moderate diftance from the eye, the 
pidurc of it upon the retina will bo a circle properly 
diverfified with light and fhade, fo that ir will excite 
in the mind the fcniation of a fpkere or globe ; but, > 
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gltibe be placed at a ^cat diftaocc from the eyei the 
tliftance between thofc lights and (hades, which form 
the piAure of a globe, will be imperceptible, and 
the globe will appear no othevwife tiian as a circuLir 
plane. In a luminous globe, dillanco is not necellaiy in 
order to take olf the reprefentation of prominent and 
flat ; an iron bullet, heated very red hot, and Iwld but 
a few yards dillance from the cac, appears a plane, not 
a piominent body ; it has uot the look of a globe, but 
of a circular plane* It is owing to this rnifreprefenta- 
tion of Vifion that we fee the fun and moon tiat hy the 
naked eye, and the planets alfo, thiough ttlefcopes, fiat. 

It is in this light that aftroiiomers, when they Ipcak of 
the fun, moon, and planets, as they appear t<^ui 
call them the difes ot the fun, moon, and planWs, 
wc fee. 

The nearer a globe is to the eye, the fmaller fegincnt 
of itlsvlfible, the farther off the greater, and at ^ due 
diftancelhelialf; and, on the fame principle, the ncaur 
the globe is to the eye, the greater Is its apparent dia* 
meter, that is, under the greater angle it u ill appear, 
the farther off the ^lobe is placed, the Ids is its appa- 
rent diameter. This is a propolition ot iinportanee, 
for, on this principle, whj know that the fame globe, 
when it api>ears larger, is nearer to our eye, and, when 
fmaller, is farther off from it. Therefore, as we know 
that the globes of the fun and moon continue always of 
the fame fi/^ie, yet appear iometimes larger, and lomc* 
limes fmaller, to us, it is evident, that tliey are fome- 
limes nearer, and fometimes farther off from the place 
AA hence we view them. Two globes, of different 
magnitude, maybe made to appear of cxadly the fame 
diameter, if llicy be placed at different dillances, and 
thofc diflancca be exadly proportioned to their diame- 
ters. To this it is owing, that we fec^the fun and moon 
nearly of the fame diameter ; they are, indeed, vafily 
different in real bulk, but, as the moon is placed greatly 
nearer to our eyes, the apparent magnitude of that 
little globe is nearly the fame with that of the greater. 

In this inltanCe of the fun and moon (for there can- 
not be a more ftriking one) we fee the mifrepiefeiitation 
of Villon in two or three fevcral ways, iue apparent 
diameters of thefc globes arc fo nearly ccjiial, thit, in 
their feveral changes ot place, they do, at times, ap- 
pear to usabfolut^y equal, or mutually greater than one 
another. This is often to be feen, but it is at no time 
fo obvious, and fo perfectly evinced, as in eclipfts of the 
fun, which are total. In tliefe we fee the apparent 
magnitudes of the two globes vary fo much according 
to their dittances, that fometimes the moon is large 
enough cxaftly to cover the dife of the fun, fometimes 
it is larger, and a part of it every where extends be- 
yond the difeof the fun; and, 011 the contrary, loroe- 
time? it is fmaller, and, though the eclipfe be abfolu^tel^ 
central^ yet it is annular, or a part of the lun s dilc is 
feen in the middle of tlie eclipfed part, enhght^ed, 
and furrounding the opake body of the moon in lorm 

^f a lucid ring, , 

When an objea, which is feen above, without other 
obje^ls - of comparifon, is of a known msgmtadc, wc 
judge of itf diliance by its apparent maguiiudc ; and 
cuftom teaches us to do this with tolerable accuracy* 
ThUtf * praAicalufc of iW mifTcprefentation of Vi- 
the a&anner, knowing that we lee 


things, which arc near us, diflliuSlly, and thofc which 
arc didant, coiihifcdly, we judge oi" the dlllaucc of an 
ohjce\ by the clearnels, or conhiliou, in which wc fee 
it. We alfo judge yet moie ealtly and truly of the dif- 
tniicc of an object liy comparing it to another feen at 
the lame time, the dlllauec ot winch i^ better known, 
and )ct more hy compil ing it with feveial others, the 
dilLiuces of wliieh arc inoic or hfs known, 01 more or 
Itls eafily judged ot. The'e aio tlie cu-curnltancos which 
aifill 115, even by the militprefeiUation of Vifioii, to 
judge ot dlll.meej but, without ot^e or more of tlicfc, 
the eye dues not, 111 iialily, enable tis to judge con- 
cerning tlie diilanec ot objects. 

This niiiVcprefentaiioii, although it ferws us on fomc 
oeeahoiis, ya la v try liiuilfd 111 its ciTeCts. 'i'hus, 
though it helps us gieally in dull nguifiilng the dltbance 
of objettb that are about us, both with uip.’d to our- 
feivcb and them, and with relpett lo tliemfeUes with 
one another, yet it can do nothing with the very re- 
mote. We fee that immeiife concave ciiele, in wlueli 
vve fiippole the fixed llais to be placed, at all this vaft 
icmove from us, and no change oi place that wc could 
make to get ntarcr to it, A^oidd be of any avail for de- 
termining the diliance of the liars from one another. 
If w'clook at three or fourchuiches from a diftance of 
as many miles, vve fee them Rand in a ceitain pofition 
with regard to one another. 11 we advance a gieat 
deal nearer to tliem, we fee lliat pofition differ, but, 
if we move foiwanl only eight 01 ten feet, the difference 
is not fccii. 

Vision, in Optics. The laws of Vifion, brought 
under mathematical demonflrntlons, make the fubjedt 
of Optics, taken in the greatell latitude of that 
word ; for, among mathematical writers, optics is ge- 
nerally taken, in a more roArided lignlfication, for 
the doftrine of Jired Vifion ; catoptrics, for the doc- 
trine of r,ficch'il Vfion ; and dioptrics, for that of re- 
f railed Fijion, 

Diretl or Simple Virion, is that which is pei formed 
by means of dired rays; that is, of rays pafling di- 
rcdly, or in right lines, from the radiant point to tlic 
eye. Such is that explained in the preceding article 
Vision. 

Rifiecled is that which ifiperfonned by layi 

reflected from fpcoulums, or mirrors. I’he laws of 
which, feeunder RFFi.K'rioN, and MiaROK. 

Refrallcd Vision, is that which is pei formed by 
means of rays refraded, or Liirned out of their way, 
by pafiing through mediums of dlfieioit denfuy ; 
chiefly through glafl'es and Itufcs, The laws of lliil, 
fee under the article Ri i a actio.n. 
o/* V ision. SccAkcm. 

Dijlintl Vision, Is that by which an objc 6 l is feen 
dillindly. An objed is faid lo be fccii dilliiictly, when 
its outlines appear clear and avcD delincdl and the feve- 
ral parts of it, if not too luinll, are plainly iiiliiqgiiifh- 
ahlc, fothat they ^an eafily he compared one with ano- 
ther, in refped to tlicir figuie, lize, and colbur. 

In order to fuch DiAind Vilion, it had commonly 
been thought tliat all the rays of a pencil, flowing from 
a phylical point of an objid, mull be exadly united ia 
a phyfical, or at halt in a feniibJc point of the retina. 
But Dr. Jurin has made it appear frota expeyiinenti, 
that fuch an exad union of ray t is »ot always, ncceflary 
4PZ to 
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to Vlfion. He flicws that may be feen 

with fuflicicnt cJirtinftncfs, though the pencils of rays 
jfluing from the points of them do not unite prccifely lu 
the lame point on tlie retina ; but that lince, in this 
cafe, pencil fronu ruy point either meet before they 
reach the retina, or tend to meet beyond it, the 
light that comes From tliem mull cover a ciiculaf fpot 
upon it, and will therefore paint the image larger than 
pcrfcdl Vilion would reprefent it. Whence it follows, 
that every object pheed tither too near or too umotc 
forptrfedf Vifiorijwill appear larger than it is by a pen- 
umbra of light, caufed by t!ie circular fpacts, vvliich 
are illuminated by pencils of lays proceeding from the 
extremities of the objetd. 

The frnalleft dillance of peifc£l Vifion, or that in 
which the rays of a Tingle pencil arc collc^lcd into a 
phyfical point on the retina in the generality of eyes, 
Dr, Jurin, from a number of obfervations, ftates at 
5, 6, or 7 ipches. The greateil dillance of di[lin£l 
and perfeA Vifion he found was more difficult to deter- 
mine ; but by Conlidcrlng the proportion of all the 
parts of the eye, and the refrndive power of each, 
with the irrteml that may be difeerned between two 
ftars, the diftance of which is known, he fixes it, in 
fome cafes, !it 14 feet 5 inches ; though Dr. Portcificld 
lu«i rellrided it to 27 inches only, with refped to his 
own eye. 

For other obfervations jan this fubjed, fee Jinin^s 
Eflayon Diftfnd and Indillind Vifion,' at thetnd of 
Smith's Optics ; and Robins’s Remarks on the fame, in 
his Math. Trada, vol. 2, pa. 278 See. See alfo an in- 
genious paper on Vifion in the Philo f. Tranf. 1793, 
pa. 169, by Mr. Thomas Young, 

Field of y Se<^FiELD, 

VISUAL, relating to fight, or feeing. 

Visual Angk^ Is the angle under which an objed 
is feen, or which it fubtends. Sec Angle. 

Visual Line, See Line. 

Visual Pointy in Perfpedive, is a point in the ho- 
rizontal line, where all the ocular rays unite. Thus, a 
perfon Handing in a ffraight long gallery, and looking 
forward ; the lidcs, floor, and cieling feem to meet and 
touch one another in this point, or common centre. 

Visual Rays, are lines of light, conceived to come 
from an objed to the eye. 

VITELLIO, orViTELLo, aPoli/h mathematician 
of the 12th century, as he flourilhed about 1254. V/e 
have of nis a large ^freatift on Optiesy the bell edition of 
which is that of 15 7 s. Vitello was the firft optical writer 
of any confcquepce among the modem Europeans. He 
cojledcd all that was given by Euclid, Archimedes, 
Ftolomy, and Alhazen ; though his work is of but lit- 
tle ufe now, ^ 

VITREOUS Humour y ttyiireus Humor y denotes 
the third or glaffy humour of thq eye 5 thus called 
Hwn its refemblancc to melted glafs. It lies under 
the cryftalllhe ; by the imprellion of which, its fore- 
part is rendered concave. It greatly exceeds in quanti- 
ty both the aqueous end cryffalline humours taken to- 
l^thar, and confequenily occupies much the greateit 
part of the cavity of the glqbe of the eye. Scheincr 
iiyt^ that the tefiradive power of this humour is a me- 
dhim hetween thofe of tlic oqu^usi which does not 


differ much from water, and of the cryffolline, winch it 
nearly the fame with glafs. Hawkfbee makes its rc- 
fradive power the fame with that of vyater; and, ac- 
cording to Robertfon, its fptcific gravity agrees nearly 
with that of water. 

VITRUVIUS (Marcus Vitruvius PoLLio),a 
celebrated Roman ar'chlted, of whom however nothing 
is known, but what is to be colleded from Ids ten hooks 
De Archiletluray Hill extant. In the puFace to the 
fixtlibook he writes, tint he was carefni!} olucat^dby 
his paient:-:,' and inffruded lu the whole circle of arts 
and fcicnces ; a circumlhnce which he Fpe^ks of witli 
much gratitude, laying tt down asctrt.iiis that no man 
can be agyiiplete arcliited, without fome knowledge 
and ffcdl in es’ery one of them. And in the preface to 
the lit 11 book he informs us, that he was known to Ju- 
lios C.efar; that he was aftcrwatfls lecommendcd by 
Odavia to her brother Augulhis Cxfar ; and that he 
was fo favoured and provided for by this emperor, as to 
be out of all fear of poverty as long as he might live. 

It is fuppofed that Vitruvius was born either at Rome 
or Verona; but it is not known which. His books of 
architedlure are addreffed to Augullus Cxfar, and not 
only Ihew confummatc llcill in that particular Fcienct, 
hut alfo very uncommon genius and natural abilities. 
Cardan, in his 16th book Dt Suhtilitatey ranks Vitru- 
vius as one of the t2 pciTons, whom he fuppofes to 
have excelled all men in the force of gcniiis ar.d inven- 
tion ; and would not have fcruplcd to have given him 
the lirll place, if it could be imagined that he had de- 
livered nothing but his own difeoveries. I'hofe 12 pvr- 
fons were, Euclid, Archimedes, Apollonius Fergxus, 
Ariftotle, Archytas of Tarentum, Vitruvius, Achin- 
du8, Mahomet Ibn Mofes the inventor or improver of 
Algebra, Duns Scotus, John Suiffet fur named the Cal- 
culator, Galen, and Heberof Spain. 

The architefturc of Vitruvius has been often print- 
ed ; but the heft: edition is that of Amllerdam in 1649. 
Perrault alfo, the noted French architeeft, gave an ex- 
cellent French tranflation of the fame, and added notes 
and figures : the firft edition of which w'as publilhcd at 
Paris in 1673, fccond much improved, in 1684- 

— Mr. William Newton too, an ingenious archite^f , and 
late Surveyor to the works at Greenwich Hofpital, 
publilhed in lySo&c, curious commentaries on Vitru- 
vius, illuftrateO with figures j to which is added a dc- 
fcription, with figures, of the Military Machines ufed 
by the Ancients. 

VIVIANI (VlNCENTio), a celebrated Italian ma- 
thematician, was born at Florence in 1621, feme fay 
1622. He was a difciplc of the illullrious Galileo, and 
lived with him from the 17th to the 20th year of his 
age. After the death of his .^reat mafter, he pafted 
tvlro or three years more in profccutin^ geometrical ftu- 
dic8 without interruption, and in this time it was that 
he formed the defign of his Reftoration of Ariftess. 
This ancient geometrician, who was contemporary 
with Euclid, had compofed five books of problems 
£h Locii SoVidity the bare propofitions of which were 
collefted by PUppus, . but the books arc entirely loft » 
which Viviani undertook to reftore by the force of hi» 
genius. t 

Ht broke this work off before it was finlflied, in or- 
der to apply bimfclf.to another of the fame kind, 

* - that 
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tliat wit8» to rcftorethe 5th book of Apollonius’s Conic 
Sedions. While he was engaged in this, the famous 
Borelli found, in the library of the Grand Duke of 
Tufeany, an Arabic manufeript, with a Latin infaip- 
tion, w'hich imported, that it contained the eight books 
of Apollonius’s Conic Sections : of which the 8th 
however was not found to be there. He earned this 
manufeript to Rome, in order to tranflite it, with the 
afliftanceof a profeilor of the Oriental languages. Vi- 
viani, very iinw'illing to lofe the fruits of hislabouis, 
procured a certificate that he did not underfiand the 
Aubic language, and knew nothing of that manu- 
feript : he was fo jealous on this head, that he would 
not even fufFtr Borelll to fend him an .iccoimt of any 
thing relating to it. At length he finiihtd his book, 
and publiflied it, 1659, in folio, with this title, De 
Minimii Geometrh\J Di vinatio iu quint um Co- 
nicorum Apollonii Pergai. It was found that he had 
moic than divined; as he feemed fupcrior to Apollo- 
nius himfclf. 

After this he was obliged to interrupt his fiudiesfor 
thcfervice of his prince, in an affair of great import- 
ance, which was, to prevent the inundations of the Ti- 
ber, in which Cafllni and he were employed for foine 
lime, though nothing was entirely executed. 

In 1664 lie had tlic honour of a penfion horn Louis 
the 14th, a prince to whom he w^as not fubjed, nor 
could be ufeful. In confequence he refolvcd to finilh 
his Divination upon Arifteus, with a view to dedicate 
it to tluit piince ; but he was interrupted in this laflc 
again by public v/otks, and foinc negotiations which 
hi3 mafter ciiirufied to him.— In 1666 he was honoured 
by the Grand Duke with the title of his lirfl mathema- 
tician. — He refolvcd three problems, which had been 
propofed to all the mathematicians of Europe, artd de- 
dicated the work to the memory of Mr. Chapelain, un- 
der the title of Enodatio Prohkmafum &c.— He pro- 
pofed the problem of the quadrable arc, of which Leib- 
nitz and rilofpital gavq^folutions by the OUculus Dif- 
ferentialis. — Jn 1669, he was chofen to fill, in the 
Royal Academy of Sciences, a place amon^ the eight 
foreign affociates. This new favour reanimated his 
zeal ; and he publifhed three books of his Divination 
upon Arifteus, at Florence in 1701, which he dedi- 
cated to the Kitig of France. It is a thin folio, inli- 

tlcd, De Loeis SolUls fecunda Divifiaiio Geomefricay &c. 

This was a fecond edition enlarged; the firfl having 
been printed at Florence in 1673. — Viviani laid out the 
fortune, which he had raifed by the bounties of bis 
prince, in building a magnificent houfe at Florence; 
in which he placed a buft of Galileo, with fevcral m- 
feriptions in honour of that great man i and died in 
1703, at 81 ycars^age. 

Viviani had, fays Fontenelle, that innocence and fim- 
plicity of manner! which perfons commonly 
who nave lefs commerce with men than books ; 
without that roiighnefs and a certain favage nercenew 
which thofc often acquire who have only 
books, not with men. He was affable, modelr, a raft 
•and faithful friend, and, what includes many virtues 
in one, he was grateful in the higheft. degree for la* 

yowin, * . r u 

ULI.AGE, cf a Cojhf in Gauging, is fo much as 

k wanta of being 


ULTERIOR, in ^Geography, is applied to fomc 
part of a , country or province, w'liich, with regard to 
the reft ofthat country, Is fituateon the farther fide of 
a river, or mountain, or other boundary, which divided 
the Gonntry into t\n) parts, 

UL I’K AMUNDAN E, beyond the vvOrhl, is that 
pirtof the univeilc ruppofi d to be witlioiic or beyond 
the limits of our world (nrfyllem. 

UMBILICUvS, and Umbilical Py/w/, in Geo- 
metry, the fame with focus. 

UMBRA, a Shadow. Sec Lioht, Shadow, Pen'- 

UMBRA, &e. 

UNCIA, a term generally ufed for the 12th part of 
a thing In which fcnle it occurs in Latin writers, both 
for a weight, called by us an ow/itv, and a mcafurc 
called an 

UNClAi, in Algcbn, firfl ufed by Victa, are the 
numbcis pn-fixed to the letters in tjic teiins of any power 
of a hiiiomial ; now more \luully, and generally, called 
coejjicients. Thus, in the 4th power of ai F by viz,, 

F \a'^h F F F 

the Uneix arc r, 4, 6, 4, i. 

Briggs lirll ihewcd how to find thefc Uncix, one 
from another, in any power, independent of the fore- 
going powers. They are nownfiuilly found by what is 
called Newton’s binomial theorem, which is the fam^ 
rule as Briggs’s in another form. See Binomiai/. 

UNDEC AGON, is a polygon of eleven Tides. 

If the fide of a regulai Undccagon bo r, its area will 
be 9*365^399 = X tang, of 73/, degrees; and 
therefore if this number be multiplied by the fquare of 
the fide of any other regular Undecagoii, the product 
will be the area of that Undecagon. See my Menfu- 
ration, pa. 114 5cc, 2d edit. 

UNDETERMINED, is fometimes ufed for Indr* 

TEK MINATE. 

UNDULATORV Motiony is applied to a motion 
in the air, hy which its parts arc agitated like the 
waves of the fea ; as is fuppofed to be the cafe when the 
firing of a miifigal indrument is flruek. This Undiila- 
tory motion of the air is fiippofcd tlic matter or caiife 
of found. — lullead of the Undulatory, foine authors 
Choofc to call this a vibratory motion. 

UNEVEN Nurnhry tlic fame as odd number, or 
fuch as cannot be divided by z without leaving i re- 
maining. Tiic ferns of Uneven Niimbusaic j,,j, 5,7,9,> 
&c. Sec NuMBiiR, and Odd Number, 

UNGULA, la Ueometty, is a part out off a cy- 
linder, cone, &c, by a plane paffuig obliquely thiougU- 
the bafe, and part of the curve furfacc ; fo called from 
its refemblancc to the (ungu|a) hoof of a. horfe 6^^. 
For the contents bec of Cuch Ungulas,, fee rpy Menfu* 
ration, pa. 218— 246, ad edition. 

UNICORN, in Aflronomy. See Mom^ceaos. 

'^UNlFORM, hr Equable Motion, is that by which 
body paffes always with the fame celerity,. 6r over equ^I 
fpaces in equal times. Sec Motion. 

In Uniform motions, the fpaces deferibed or paffed 
over, are in the compound ratio of the times and velo- 
cities ; but the fpaces are fimply as the times, when the 
velocity is given; and as the velocities vvlua the 
time ii given. , 

uTniform. 
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Matter, in Natural Phllofaphy, is that 
which is all of the fame kind and t^turc. 

UNISON, in Mufjc, is when two founds are exadly 
alike, or the fame note, or tone. 

What conllitiites a Unifon, is the equality of the 
t^umber of vibrations, made in the fame time, by the 
two fonorous bodits. 

It is a noted phenomenon in mufic, that an intenfe 
found being railed, either with the voice, or a fono- 
rous body, another fonoroiis body near it, whofe tone 
is cithei Unifon, or o6fave to that tone, will found its 
proper note Unifon, orodave, to the given note. The 
cxpcjinunt is cafily tried with the ilrings of two inftru- 
ments ; or with a voice and harpfichoid; or a bell, or 
even a dt inking glal'i. 

This phenomenon is thus accounted for : one firing 
being ftiuck, and the air put into a vibratory motion 
by it ; every other ftring, within the reach of that mo- 
tion, will receive fomc impreflion from it : but each 
firing can only move with a determinate velocity of re- 
cijiiiks or vibiationa; and all Unifons proceed from 
<(pidl vibrations ; and other concoixis from other 
jrroportioiis of vibration. The Unifon ftiing then, 
keeping ecpial pace with the founding ftring, as having 
the fame meafurc of vibrations, muft have its motion 
continued, and Uill Improved, till at length its motion 
become fenfihic, and it give a diftindl found. Other 
■concording (Iringshave their motions propagated in dif- 
ferent degrees, according to the frequency of the coin- 
cidence of their vibrations with thofe of the founded 
firing : the 'odave therefore moft fcnfibly ; then the 
5th ; after which, the crofiingof the motions prevents 
any effed. 

This is Illndrated, as Galileo firft faggefled, by the 
pendulum, which being fet a-moving, the motion may 
he continued and augmented, by making frequent, 
light, coincident impulfesj as blowing on it when the 
vibration is juft finiflied : but if it be touched by any 
crofs or oppofite motion, and that frequently too, the 
motion will be interrupted, and ceafe altogether. So, 
of two Unifon ftrings, if the one be forcibly ftrnck, it 
communicates motion, by the air, to the other; and 
both pcj forming their vibrations together, the motion 
of that other will be improved and heightened by the 
frequent Impulfes received from the vibrations of the 
firft, hecaufe given precifely when the other has finifhed 
^its vibration, and is ready to return : but if the vibra- 
tions of the chords be unequal in duration, there will be 
a crofting of motions, more or lefs, according to the 
proponion of the inequality ; by which the motion of 
the untouched ftring will be fo checked, as never to 
be fenfible. And this we find to be the cafe in all con- 
fonances, except Unifon, odlave, and the fifth. 

UNIT, Unite, or Unity, in Arithmetic, the 
number ore, or cn« fingic Individual part of difcrcte 
quantity, Number*— The place of units, is the 

firft place on the right hand in integer numbci's. 

Accurdiifg to Euclid, Unity is not a number, for he 
defines number to be a multitude of Units. 

UNITY, the abftia^ qr quality which conflitutca or 
denominates a thing cne, 

UNIVERSE, a colledivc nanoe, fignifying the af- 
femblage 9! heaven earth, with thibgs in theixt* 

The Ancients, and after them the Cattcfians, ima- 


gine thcUniyerfeto^bc infinite} anijthe rcafontliey 
give is, that it implies a contnidtAion ^ Aippofe it fi- 
nite or bounded ; fince it is impolTiblt? not to conceive 
fpace beyond any limits that can be affigned it ; which 
fpace, according to the Caftefian 8, is body, and cvjnfc- 
quently part of the Univerfe. 

UNLIKE ^antitUs, in Algebra, arc fuch as arc 
exprefled by different letters, or by difTercnt powers oi 
the fame letter. Thus, mid h, and and ah arc 
all Unlike quantities. 

Unlike are the different figns + and — , 

UNLIMriED or Inihierminale is liicli a 

one dsadmitsof many, or even of infinite anfweis. 
to divide a given triangle into two equal parts ; 01 lu 
deferibea circle through two given points. See Di j- 
PHANTi'Jt, and Indeterminate. 

VOID Spare, in Pliylics. See Vacuum. 

VOLU'rE, in Archlteduie, a kind of Ipiral fcrol!, 
and uied in the Ionic and CompolUe capitals ; of v/!ii, Ii 
it makes the principal charadleriftic and ornament, 

VORTEX, or JIAhirkulndy in Meteorology, a (mh 
den, rapid, violent motion of the air, in ciiculi- 
w'hirling diredlions. 

Vortex is alfu iifcd for an eddy or whirlpool, 01 
a body of water, in certain feas and rivers, which iuii> 
rapidly round, forming a fort of cavity in tlie middle. 

Vortex, in the Cartcfiaii Plillofophy, isafyllein or 
colle6lion of particles of matter moving the fame w.i), 
and round the fame axis. 

Such Vorticu are the grand machines by which ihtfi 
philofophers folve moft of the motion? and other pheno- 
mena of the heavenly bodies. And accordingly, the 
dodrine of thefc V^'ortices makes a great part of th 
Cartefian philofophy. 

The matter of the world they hold to have been di- 
vided at the beginning into innumerable little equal 
particles, each endowed with an equal degree of motion, 
both about its own centre, and feparatcly, fo as to con 
ilitute a 

Several lyllems, or colledlidhs of this matter, ihu 
farther hold to have been endowed with a common mo- 
tion about certain points, as common centres, placed at 
equal diftanccs, and that the matters, moving round 
thcfcj compofed fo many Vortices, 

Then, the primitive particles of the matter they fup- 
pofe, by thefe intcftinc motions, to become, as it were, 
ground into fpherical figures, and fo to compofe glo- 
bules of divers magnitudes ; which they call the matter 
of the fccond clement : and the particles rubbed, or 
ground off them, to bring them to that form, they crU 
the matter of the firft eleuieqt. 

And fince there, would be more of the firft element 
than would fufficc to fill all the vacuities between the 
globules of the' fecond, they fuppofe the remaining 
part to he driven towards the centre of the Vortex, by 
the circular motion of the globules ; and that being 
there amaffed into a fphere, it would produce a body 
like the (911. * 

This fun being thus formed, and moving about its 
own axis with the common matter of the Vortex, would 
nccellarily throw out fome parts of its, matter, through 
the vacuities of the globules of the fecoi^d eleiBcnt con* 
ftituting the Vortjex ; and this.ejpedidly places 

as arc fartheft from its poles 5 tccciviiig, at the fame time, 
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hr by tbefc •• a® it lofcs in its equatorial 
parts* And, by this means, it would be able to carry 
round with it thofe globules that arc neared, with the 
cneatcr velocity } and the remoter, with lifs. And 
by this means, thofe globules, which arc nearcfl the 
centre of the fun, muftbe fmallcft ; becaiile, were they 
greater, or equal, they would, by reafou of their velo- 
city, have a greater centrifugal force, and recede from 
the centre. If it fliould happen, that any of thele fiin-^ 
like bodies, In the centres of the feveial Vortices, Ihould 
be fo incroilated, and weakened, as to be carried about 
in the Vortex of the true fun ; if It were of Icfs foli- 
dlty, or had Icfs motion,, than the globules towards the 
extremity of the folar Vortex, it would delcend to- 
wards the fun, tiU it met with globules of the fame fo- 
lidity, and fufceptiblc of the fame degree of motion 
with itfelf; and thus, being fixed there, it would be 
for ever after carried about by the motion of the 
Vortex, without either approaching any nearer to the 
lun, or receding from it j and fo would become a pi a- 

net. . . 

Suppofingthen aM this ; we are next to imagine, that 
our fy ft cm was at fli'ft. divided into fcvcral Vortices, in 
the centre of each of which was a lucid fphcrical body ; 
and that feme of thefe, being gradually incruftaled, 
were fwallowed up by others which were larger, and 
more powerful, till at length they were all dellroyed, 
and fwallowed up by the larged folar Vortex ; except 
fomefew which were thrown off in right lines from one 
Vortex to another, and fo become comets. 

But this doarinc of Vortices is, at bed, merely hy- 
pothetical. It docs not pretend to Ihew by what laws 
and means the celcftial motions are efteaed, fo much 
as by what means they poflibly might, in cafe it mould 
have fo pleafed the Creator. But we have another prin- 
ciple which accounts for the fame phenomena as wxli, 
nay, better than that of Vortices ; and w-hich we 
plainly find has an aaual exidence in the nature ot 
things : and this is gravity, or the weight of bodies. 

The Vortices, then, (hould be thrown out of philo- 
fophy, were it only that two different adequate caules 
of the fame phenomena are inconfident. 

But there are other ubjcidions againft them. 
if the bodies of the planets and comets be earned 
round the fun in Vortices, the bodies with the parts 
of the Vortex immediately iiiveding them, mud move 
with the fame velocity, and in the fame direaion } and 
befides, they mud have the fame denfity, or the fame 
vis inertix. But it is evident, that the plaiKts and co- 
mets move in the very fame parts of the heavens with 
differeut velocity, and in different direa.ons. It tol- 

lows, therefore, that thofe parts of the Vortex mii i c- 

volveat the fame time, indifferent ditedions, an w 
different velocities; fince one velocity, and dire loi , 
will be required for the paffage of the planets, a ano- 
ther for that of the comets. , rr .• -c 

2®, If it were granted, that feyeral Vortices arc 
conUined in the fame fpace, and do penetra e 

ether, and revolve with divers motions; fiuce i * 

tions mxift be conformable to thole of the “ . 

arc pcffeaiy regular, and performed m conic fcaions , 
k may bTSkei How they fhould have b«n ^efer^ 
«Uife foiMiiTag<»^ and oot difturbed and confounded 


by the adverfe actions and fhocka of fo much matter ai 
they mud meet withal ? 

3 ®, The number of comets Is very great, and their 
motions are pcrfcCtlv regular, obferving the fame law's 
with the planets, and moving in orbits, that arc ex- 
ceedingly tccenlrie. Accordingly, they move every 
way, and towimls all parts oi the heavens, freely 
pervading the planetary icgions, and going freciuently 
contrary to the order of the fjgns ; which would be im- 
pollible unlefs ihclc VorticcR were away. 

4 ®, If the planets move I'oimd the fun in Vortices, 
thole paits of the Vortices next the planets, w’C have 
already oblcrvcd, would be equally denfe with the pla- 
nets themfclvis : confctpicntly the vortical inatter, con-? 
tiguous to the perimeter of the carth*s oibit, would be 
as denfe as the earth ItfeU : and that between the oibvis 
of the earth and Saturn, mult be as dtnle, or denlei* 
Tor a Vorttx cannot maintain itlelf, unlcls the more 
denfe parts be in the centre, and the lels denfe towards 
the circumference ; and Iince the periodical times of the 
planetsare In tefquialteiatc ratio (d their dlrtances from 
tlic fun, the parts of the Vortex mult be in the fame 
latio. Whence it follows, that the centrifugal forces 
of the parts will be reciprocally as the fquaies of the 
diftanccs. Such, therefore, as arc at a greater dvilance 
from the cciUie, will endeavour to recede from it with 
the kfs force. Accordingly, if they be Icfs denfe, they 
mull give way to the greater force, by which the parts 
nearer the centre endeavour to nfe. Ihus, the more 
dcnll- Will rile, and the lefs denfe defeend ; and thus 
there wiU be a change of places, till the whole fluid 
matter of the Vortex be fo adjulled as that it may reff m 

'^'^Thus'^will thegveateft part of the Vortex without 
the earth’s orbit, have a degree of deiffity and inafli- 
vity, not Icfs than that of the earth itlelf. Wlience the 
comets muff meet with a very great reliftance, winch is 
contiary to all appearances. Cotes, 1 rxf. ad New . 
Princip. The dotlrlne of Vortices, Newton obferves, 
labours under many dilfieultics : fora planet to defenbe 
areas proportional to the times, the permd^ical t'mc* “t 
a Vortex Ihould be in a duplicate ratio of their di lances 

from the fun; and for the periodical time of the pla. 

nets, to be in a fefquipllcate propoi lion of their dil- 
tanecs from the fun. the petiodical times ^ 

the Vortex Ihould be in the fame proportion of ihur 
diilances: and, laflly, for the efs Vort.ees aboi. Ju- 
piter, Saturn, and the other planets, to be piekrved, 
and fwim fecuiely in the fun’s Vortex, the periodical 
times of the fun’s Vortex ihould be eqiial. None of 
which proportions are found to obuui m the 
of the fnn and planets round their axes. Phil. Nat. 

Piiiic. Math, apiid Schol. Gen. m Calte. , 

Befides, the planets, according to this hypothef a, 
bcin-r carried about the fun in elfipfes. and having llm 
toln the focus of each figu.-e, l>y 
thcmfelves to the fun, they always defcribc areas pr<> 
porSL tothetime. of their revolut^ns. which 
fhat author fhews the parts of no Vortex can do. Schol. 

d; Kem"pXes, in hAminatiot, of Bur- 

♦»«^TK^orv that U the earth wccc carried m a Vor- 
ux, it wo.7d move fatter in the proportion of thw «> 
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^6, when it 1*6 in Vir^/thnn when it U in Pifeesj 
which all experience proves to be fttife. 

lliCrc is, in the Pnilofophlcal Tranfaftions, a Phyfi- 
Co-tnathcmatlcal detnonUration of the impofllbility and 
inftifHciejicy of Vortices to acconnt for the Celcftial 
Phenomena; byMonf.de Sigornc. SeeNurn. 457. 
vi. pa* 409 et feq. 

This author endeavours to fhew, that the mechanical 
generation of a Vortex is impoffible ; and that it has 
only an axifugal force, and not a centrifugal and cen* 
tiipctal one ; that it is not fuflRgent for explaining gra- 
vity and Its properties 5 that it deftroys Kepler’s allrono- 
inical laws ; and therefore he concludes, with Newton, 
that the hypothefis of Vortices is fitter to didurb than 
explain the celeftial motions. We mud refer to tlie 
dilTertalion itfelf for the proof of thefe affcrtions. Sec 
Cartfsian PhilosoFhV. 

VOSSIUS (GiiRARD John), one of the mod 
learned and laborious writers of the 17th century, was 
of a confiderable family in the Netherlands : and was 
born in 1577, in the, Palatinate near Heidelberg, at a 
place where his father, John Volfiiis, wasminider. He 
firft learned Latin, Greek, and Philofophy at Dort, 
where his father had fettled, and died. In i J95 he 
went to Leyden, where he farther purfued thefe ftu- 
^ dies, joining mathematics to them, in which fcience 
he made a confidcrablc progrefs. He became Maf- 
tcr of Alts and Do6lor in Philofophy in 1 598 ; and 
. foon after, Direftor of the College at Dort ; then, in 
1614, Dirc^or of the Theological College juil founded 
at Leyden ; and, in 1618, ProfelTor of Eloquence and 
Chronology in the Academy there, the fame year in 
which appeared hw Hiltory of the Pelagian Contro- 
verfy* ' This hiftory procured him much odium and 
difgrace on the continent, but an ample reward in 
England, where archbiftiop Laud obtained leave of 
king Charles the lil for VolTius to hold a prebendary in 
the church of Canterbury, while he tefidedat Leyden : 
this was in 1629, when he came over to be initalled, 
took a Doi^or of Laws degree at Oxford, addfthen re- 
turned. -^In 1633 he was called to Amfterdam to fill the 
chair of a Profcfibr of HiPory ; where he died in 1649, 
at 72 years of age; after having written and publilhed 
as many works As, when they came to be collefted and 
printed at AmOerdam in 1695 8tc, made 6 volumefe 
folio, NVotks which will long continue to be read with 
plcafurc and profit. The principal of thefe are, 
— I. Elymoluguon IJngua Latins. '^ 2 * De Ongine t!f 
Progrejlu Di: Hijloricis *■4* 

H'ljloruu Lrt//w/V.— 5. Dc jirte Grammatka, — 6. De 
FUm Sermonh llf Gtojfemalii Laiino*Barbans. — 7. Injli^ 
tutknes OratoPia * — 8. Inftilutiones PoetiCt?, — 9. Jirs 
torka* — 10. De ^atUor jfrtibut fopulankis^ Gramma- 
iteti Gymnajice^ muficey Graphke, — II. De Philo- 
logta^ — 12. De Univerja Mathejtos Natur/i luf ConJJk 
tulione, — 13# De P/moJo^id. — 14. De PJdJofophorm 
SeUis. — 15. De Veterum Poetofum Ter^oribut, 

Denis fon of the foregoing Gerard John, 
died at 22 years of age, a prodigy of learning, whofe 
incelTant (Indies bright on him fo immature a death. 
There arc of hiB/lmbng other fmaller pieces, Notes 
upon Caefav’s Commcniarics, and upoE Maimonides 
bn Idolatry. 


Vo3sru«,'(/r«j*«jf), brother of Utm a»d fon ol 
Gerard John, t^ied in 1645, after having pablifhed a 
Latin poem in 1640, on a naval vidtory gamed by the 
celebrated Van Tromp. ■ 

Voss i us (Gerar(i)i brother pf Penis and Francis, 
and fon of Gerard Jplin,. wrote Notes upon Paterculus, 
which were printed in 1639. He was one of the molt 
Icarnci! critics of the 17th century; but died in 1640, 
like his two brothers, at a very early age, and before 
their father. 

Voss I us (I/artc)t was the youngeft fon of 
Gerald John, and the only one that furvived him. 
He was born at Leyden in 1618, and was a mmi 
of great talents and leaiuing. His father was Ins 
only preceptor, and his whole time vvas fpent ni 
(liidjing. His merit reccmimendcd him to a corie- 
fpondence with queen Chrlllina of Sweden, who em- 
ployed him in foine literal*)' commiirions. At Iiti re- 
(jnell, he made feveral journeys into Swedtn, where he 
had the honour to leach her the Greek langiin'^e ; 
though Ihc aftcrvvvuds difearded him on hearing Lh.it he 
intended to write ag.iinll Salmafius, for whom (Iv* had 
a particular regard. In 1663 he received a h:.:ic!iomc 
piefcnt of money from Louis the 14th of France, ae- 
companicii with a complimentary letter from the mini* 
ftcr Colbert.'— In 1670 be came over to England, when 
he was created Doctor of Laws at Oxford, and king 
Charles the 2ii made him Canon of Wlndfor ; though 
he knew his chai-ader well enougdi to fay, llierc was 
nothing that Volhus refufed to believe, excepting the 
Bible. He appeals indeed, by bis publications, which 
are neither fo numerous nor fo ufeful as his fathei’t., to 
have been a moll credulous man, wdiile he aiToided 
many circiimftances to bring his religious faith in qnc- 
ftion. He died at his lodgings in Windfor Callle, m 
i 683 ; leaving behind him the bell private library, as it 
was then fuppofed, in the world ; which, to the diamc 
and reproach of England, w'as lufferetl to be pinchahfl 
and carried avvay by the univeifiiy of Leyden, liis 
publications chiefly were • i . Perlplus Seyinrh Caf y /v- 
denfis, 1639. — 2. Juilin, with Notes, 1640. — 3. /;- 

fialii EpiJloU, id Barnaba Epiftolat 1646. — 4. Pompon nu 
Mchuk Situ Orbis, 1648. — 5. Differtatio devera J'.tnte 
Mundiy idCi 1659. — 6. De Septuagmta Intap) ctilui^ 
idCi 166 1. — 7. De Luce, l66^ — 8. De Motu Mar> 
um id iPcntorum,-^(). De Nili id aliorum Flivmiiiim 
Origme,-^io, De Poematutn Cantu id Viribus Rythipi, 
1673. — Tl. De SybillinU Mfque, qua Chrip natalm 
prarejfere, 1679. — lidCaluilus, (d in eimi Ifaaci Ptjfi 
Obfervationes, 1684. — 13. Variarum Ob/en^aliotmm //- 
her, 1685, in which arc contained the following pieces : 
viz, De jintiqudt Roma id adarum quarundarn (Jdivm 
Magnitudine ; De Ariilus id Seientds Sinarum ; De Oa- 
gine id Progrejdu Puheris Belltci apud Europaos ; Ik 
Iriremium id Lihurnkaru'n Conjruhione ; De Ememh- 
tione Longitudt)ivm ; De patc/acienda per Septer.irwnem 
Japonenfis id Indos Na’vig.jione ; De opparenuhus in Lu- 
na circuits ; Diurna tellur is ccitnferjion: omnia gr avia ad 
medium tendered 

VOUSSOIRS, vauk-ftoncs, arc the ftonc« which 
immediately form the arch of a bridge,' t^ing cut 
fomewhat in tlie trianner of a truncated pyriiwd, 

under £de6 the intradoB# 

^ joinii 
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|ohrt 9 ftiould be every where In a perpendicular 

(Jire6lion, 

The. length of the middle Vonfloir, orkev-ilonc, unj 
which is tbeleaflof all, (hould be about /,tli (>r 
of the fpan of the arch ; from hence thefe iloiies ihould 
be made larger and larger, all the way dowti to llie iiu* 
poft ; that they may thebeUcr fudain tl.e great weight 
wliich reds upon them, without being crufhed or biokcn, 
and that they may alfo bind the (inner together. 

To find the juft length of the Vouftbirs, or the liguit: 
of the extrados, when that of the intrado^ is given ; 
fee my Principles of Bridges, or Eineifon’s Coalhuc- 
tion of Arches, in his volume of Mifcellaniejj. 

UllANlBL^RGH, or celeftial town, the name of a 
celebrated obfervatory, in a caftle in the little iHalid 
Weenen, in tlie Sound; built by the celebrated DaniOi 
nftronomer, Tycho Brahe, whofuininicd itv\ith iniliii- 
inents for obfeiving the tourfe and motions of the hea- 
venly bodies. 

This obfervatory, which was finlfhed about the year 
I 5S0, had not fublillcd above 17 years when Tvclio, 
who little thought to liave creCted an cdliiec of h) 
ftoit a duration, and who had even iniLliOud the li- 
giire and pohtion of the heavens, which he had (.liofLii 
for the moment to lay the firfl; ftonc In, was obliged to 
abandon his country. 

Soon after this, the perfons to whom the propeily 
of tile ifland was given, demoliflitd the budding: pait 
of the ruins was difperfed into clivers places: the reft 
feu ved to build Tyclio a handfoinc feat upon his ancient 
ellate, w'hich to this day bears the name of Urani- 
burgh { and It was here that Tycho compofed Ids cata- 
logue of the ftars. Its latitude is 55*^ 54' noillt, afid 
longitude 12° 47 ^ eaft of Greenwich. 

M. Picart, making a voyage to Uranibingli, found 
that Tycho’s meridian line, there drawn, deviated 
fiom the meridian of the world; which feems to 
confirm the cOnjctSlure of fume perlons, that the pofi- 
tlon of the meridian line may vary. 

URSA, in Aftronomy, the Bear, a name common to 
two conftellations of the northern henuTphcie, near the 
pole, dillinguinied by Major and jMiaor. 

Ursa Major, or the Gr^^at Bear, one of the 4S old 
conlUlIatlons, and perhaps moic ancient than many of 
the others ; being familiarly known and alluded to by ibe 
ohkft writers, and is mentioned by Homer as obferved 
by navigators. It is fuppofed that this conllcllation is 
that mentioned In the book of Job, under the name of 
Ghjil, W'hich our tran/lation has rendered Oiion,vvhcre 
it is faid, ** Canft thou loofe the bands of Chcfil 
(Orion) It is farther faid that the Aneicnls repre- 
fenied cacli of thefe two conllellations under the form 
of a waggon drawm by a team of horfes, and the (ji ccks 
originally called them waggons and two bears ; llicy 
are to this day popularly called the wains, or wag- 
gons, and the greater of tliem Charles’s Wain. Hence 
IS remarked the propriety of the expnftion, loofe 
the bands &c,” the binding and luoiiug being terms 
very applicable to a harnefs, 5 c c. 

Perhaps the Egyptians, or whoever elfc were tlic 
pcf pie that invented the conftcllatjous, placed thofe 
fti vvhichare near the pole, in the figure of a bear, 
as being an animal inhabiting towards ine north pole, 
and maicing ncith%r long journeys, nor fwift motions# 
VoL# 11. , 


But the Grfeks, in their ufual way, have adapted fom'^ 
of their fables to it. They fay this bear was Callifto* 
daughteT (vf Lycaon, king of Arcadia ; that being de 
bauched by Jupiter, he afterwards placed her in tlK 
heavens, as well as her Ion Ai^lurars. 

The C^recks called tlris coulKlIation Aitflos and He- 
lice, fr om its turning round the pole. The Latins from 
the name of 'the irytnph, as Vcrrioirfty w'riltcn, Callifto, 
Megifto, and Elemillo, and from the Aiabians, fome- 
limes Fere'tnrm Majrrs, the Great Bier. And the Ui- 
la Mirror, they eallcd Eere'trum Minus, the I.ittle 
Bier. The Italians have followed the lame* cuftoin, 
and call iheni Cataletto. They Ipokc alfo of the l^hctiU 
cians being guided by the lx‘ftcr Bear, but the Gicek'v 
by the Gi eater. 

'riiere are two icmaik:rble liars in tlris conllellatron, 
viz, thofe irr the midille of his buily, eonlidered as tire 
two hinder moll of the wain, and ealhd the pointer;^, 
beeaiil'e (hey alwa)s poirrt nearly in a diie(!^\ton towards 
the north pole liar', and fo are ufeful in finding this Uai 
out. 

71 ie Aars In Ihfa Major, are, aecoidiiig to Vtolo 
iny’s catalogue, 35 ; in 'Tycho’s 56; in Hcvelius’s /3 ; 
but in the Urhannie catalogue 87. 

Ursa Minor, the L't:!e Ihar, called alio 
JMinor, PI ernue, arrd Cynofni a, one of the 48 old C(')ullel 
lalions, and near the nuith pole, the Inge liar in tlic* 
tip of its lak being very near to it, and thence called 
the pole-ftar. 

lire Phenicians guided their navigniionshy this COB- 
ftellalion, for wliieh lealoii itwasealled Phenice, (m* the 
rijciiieiair te^mllellatlon. It was alio c..lled Cynoiuia by 
lire Greeks, bceaitfe, according to fome, that vvas one 
of the dogs of the huirtrefs Calliflo, orthc Gi'cal Bear; 
but accordiirg to others Cynofnra w'as one of the IdrcaVi 
nymphs that niufed the infant Jupiter; and fome fay 
that Calliflo was another of them, andtli.il, for their 
care, lliey were taken up togetirer to the fkies. 

Plolomy plae'CH in this coiiuellation 8 flars, Tycho 7, 
HeveliiiS 1 2, and Flainftced .''4. 

URSUS (Nichoi.as Raimarus), a very extraor* 
dtnar'y per Ion, and diH lugiuilicd in the fi icnec of aflio- 
noiny', was horn at l^enHcdt in Uitlimarfen, in tire 
due by of IIoHlein, aboiit the y cm' I 550 He was a 
fwineherd in his youth, and did not begin to read till 
he was years of age ; but then he emjdoyed all the 
hours he could fpaic from his daily labour, iu learning 
to read and write. He afterwards applied himfelf to 
learn the languages ; and, having a fhong genius, ruade 
a rapid ptogT'efs in Gnek and Latin, He (jiiiekly 
leanudalfo tire French language, the nialhem.>tic% af- 
tronorny. And philoi'ojihy ; and inofl of them without 
iheaflillanee or aniallei. 

iiavtng kft his native (ounliy, he gained a mainte- 
nance by teaching ; which he dni in Denmark in 1584, 
ai d on the fi ontiers of Pomerania and Poland in 15 ^ 5 * 
It was in tills pl.ice that he invented a ryflem of 
alh'orioniy, very little difhient from that of Tycho 
Brahe. 'This lie cuinmujiiealed, in 1586, to tire land- 
grave of Heffe, whkh g.ive i ile to a terrible difpute be- 
tween him and 'Tycho. l]r:s celebrated aftronornei* 
charged him with 1 eirrg a plagiary : who, as be re- 
lated, happening to come wiih his mailer into his flu* 
dy, faw there, diawn on a piece of pper, tbc figure of 
4 
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ww! aftervvar^iJijfokntly boafted that he 
IlimWf was the inventor of it. Urfus, upon this ac- 
cufttiori, wrote furioufly againft Tycho, called the 
Iwqourof his invention in qucilion, afcribin^thc fyftem 
to Apollonius PcrgsEUs; and in ftiort abnfed him in fo 
brutal a manner, that he was golng^ to be profccuted 
for it. 

Urfus was afterwards invited by the emperor to teach 
the mathematics in Prague ; from which city, to avoid 
the prefence of I'ycho, he withdrew filently in 15.89, 
and died foon after* 


He made fom<i tnsprovemehti in 
wrote fcveral books, which difeover the marks of hi$, 
hafty ftudics ; his erudition being ihdigefted,, and his 
flyle incorreft, as is almoft always to & pbferved of 
perfons that are late-learned. 

VULPECULA et Akser, the Fojf.and Goofct in- 
Atlronomy, one of the new conftcllations of the 
northern hemlfphere, made out of the unformed (lart 
by Hevelius, m which he reckons 27 ftars but flam- 
ftecd counts 35* 


w. 


W A L 

W AD, or Wadding, in Gunnery, a ftoppic of 
paper, hay, draw, old rope-yarn, or tow, 
rolled firmly up like a ball, or a foort cylinder, and 
forced into a gun upon the powder, to keep it clofe in 
the chamber ; or put up clofc to the (hot, to keep it 
from rolling out, as wcH as, according to fome, to 
prevent the inflamed powder from dilating round the 
fidcs of the ball, by its windage, as it paffes along the 
chace, which it was thought would much diminifli the 
cffoit of the powder. But, from^ the accurate experi- 
ments lately made at Woolwich, it lias not been found 
to have any fuch efre6l. 

WADIrlOOK, or Worm, a long pole with a ferew 
at the end, to draw out the wad, or the charge, or 
paper &c from a gun. 

WAGGONER, in Aftronomy, is the conftcllation 
Urfa Major, or the Great Bear, called alfo vulgarly 
Charlea’s Wain, 

Waggoner is alfo ufed for a souticr, or book of 
charts, defer ibiug the feas, their coafls, &c.^ 
WALLIS (Dr. John), an eminent Engllfli mathe- 
matician, was the fon of a clergyman, and born at 
Afhford in Kent, Nov. 23. 1616. After being in- 
ftru6Ied, at different fchools, ia grammar learning, in 
Latin, Greek, and Hebrew, with the rudiments of lo- 
gic, mufic, and the French language, he was placed in 
Emanuel college, Cambridge. About 1640 he entered 
into orders, and was chofen fellow of Queen’s college. 
He kepi his fcllowlhip till it was vacated by his marri- 
age, but quitted hia college to be chaplain to Sir 
Richard Dailey ; after a year fpent in this fituation, he 
fpent two more as chaplain to lady Verc. While he 
lived in this'family, he cultivated ^e art of decipher- 
ing, which proved very ufcful to him on fcveral occa* 
lions : he met with rewards and preferment from the 
government at home for deciphering letters for them ; 
Md it is faid, that the cleAor of Brandenburg fent him 
a gold chain and medal, for explainwg for nim fome 
Utters written in ciphers. 
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In 1643 he publifhcd Truth TryeJ^ or Animadver- 
fions on lord Brooke’s treatife, called The Nature of 
Truth &c ; (lyling himfelf “ a minifter in London,” 
probably of St. Gabriel Fenchurch, the fcqueft ration 
of which had been granted to him. — In 1644 he wiis 
chofen one of the feribes or fecretaries- to the affem- 
bly of divines at Weftminfter, 

Academical ftudies being much interrupted by the 
civil wars in both the univerfities, many learned men 
from them reforted to London, and formed afiemblies 
there. Wallis belonged to- one of thefe, the members 
of which met once a week, to difcoiu-fc on piiilofo- 
phical matters ; and this fociety was the rife and hc- 
giiMiing of that which was afterwards incorporated by 
the name of the Royal Society, of which Wallis was 
one of the moft early members. 

The Savilian proteffor of geometry at Oxford being 
ejeded by the parliamentary vifitors, in 1649, 
was appointed to fuccced him, and he opened his lec. 
tnres there the fame year. In 16 co he publiflicd fome 
Animadverfions on a book of Mr. Baxter’s, iniicled, 

Aphorifms of Juftiftcation and the Covenant. ” And 
in 1653, in Latin, a Grammar of the Englifli tongue, 
for the ufe of foreigners to which was added, a trad 
JDe Loqucla Jeu Sonorum formathne, in which he 
conflders phHofophically the formation of all founds 
ufed in articulate fpccch, and /hews howr the organs 
being put into certain pofitiona, and the breath pu(h- 
cd out from the lungs, the perfon will thus be made 
ta fpeak, whether he hear himfclf or not. Purfuing 
thefe refledions, he was led to think it poffibic, that 
a deaf perfon might be taught to fpeak, by being di- 
reded fo to apply the organs of fpeech, as the found 
of each letter ‘required, which children learn by imita- 
tion and frequent attempts, ' rather than by art. He 
made a trial or two with luccefs ; and particularly upon 
one Popham, which invedved him ih a difpulc with 
Dr. Holder, of which fome account hat already been 
given in the life of that geotleman. 


In r6S4 ^'iepee of Dodor m Divinity j 

.Tindthleyear ^r'W{<iame engaged in a long cotitro- 
verff with Jwr, Hobbes. 1 his pliilofopher liaving, in 
165 J, printed his treatjfe De Corpore Philofophko, 
Dr. Wallis the ftme year wrote a confutation of it in 
Latin, under'^the title of Ehnchus Gfomeiri^e I/ohblanar ; 
>vhich fo provoked Pobbes, that in 1656 he publiflicd 
it in Englifb, .with the addition of what he called, 
“ Six i.eflbna to the PiofefTors of Mathematics in 
Oxford.*'^ Upon this Dr. Wallis wrote an anfwer in 
Engllih, intitled, “ Due Corre6\:on for Mr. Hohbes; 
or School difcipline for not faying bis Leffens right,** 
1656: to which Mr. Hobbes icplicd in a pamphlet 
called “ ^TirMAI, See, or Marks of the abfuid Geo- 
metry, Rural Language, Scouifh Church. politics, and 
Earbaufms, of Jol^n Wallis, 1657.’* This was immedi- 
ately rejoined to by- Dr, Wallis, in Hohhion) Puhcl'i I lif- 
putihioy 1657. And here this contiovcrfy feema to 
have ended, at this time: but In i6bi Mr. Hobbes 
printed Examinatio EmenJatw Mat} smaticorum Ho- 
diermrum In fex D'talogis ; which ocrafioned Dr. Wal- 
lis to publifh the next year, Hobbius Hcautouitmoru- 
addrefied to Mr. Boyl 
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In 1657 collc£led and publiihed bis mathematical 
works, in two parts, entitled, Madufa Uali-ei faUst in 
4to ; and in 1658, Commerc'wm Epiftfinum de ^ntJticnU 
I us quihnfdam Mathcn it lets nuperhabitumy in 4I0; wdiich 
was a colle^lion of letters wiitten by many learned 
men, as Lord Biounkcr, Sir Kcnelin Digby, Fer- 
mat, Schooten, Wallis, and others. 

He was this year chofen Cuftns Arclnvorum of the 
iinivcrfity. Upon this occafion Mr. Stubbe, who, on 
account of hia friend Mr. Hobbes, had before waged 
war againft Wallis, publlHied a pamphlet, intitled, 
** The Savilian Prof^eflbr’s Cafe Stafted,” 165S, Dr. 
Wallis replied to this } and Mr. Stubbe republilhed his 
cafe, wdth enlargements, and a vindication agalnil the 
exceptions of Dr. Wallis. 

Upon the Reftoratlon he met with great rerpe<!d ; the 
kin^ thinking favourably of him on account of fome 
I'crvices he had done both to himfclf and his father 
Charles the firft. He was therefore confirmed in his 
places, alfo admitted one of the king’s chaplains in or- 
dinary, and appointed one of the divines empowered to 
revife the book of Common Prayer. He complied 
with the terms of the aft of uniformity, and continued 
a Heady conforrtiift till In’s death. He was a very ufe- 
ful member of the Royal Society ; and kept up a li- 
terary corrcfpondencc with many learned men. In 
1670 he publiHicd his Mtchantca \ Jt'i't de Mutu, 4t(). 
In 1676 he gave an edition of Arcinwedis Syracujani 
Arenariyts lA Dtmef^o Circuit ; and in 1682 he publifli- 
ed from the manuferipts, Claudii Ptofvm^ei Opus Ifarmo^ 
fikunty in Greek, with a Latin verfion and notes ; to 
which he aftertvards 2n\^i:diy Appendix de vderum Harmo- 
nica ad bodiernam comparaldy In ifiS^hcpublifli- 

feme jtheological pieces ; and, about 1690, was en- 
gaged in a difpute with the Unitarians ; alfo, in 169a, 
in anotWr difpute aliout the Sabbath. Indeed his books 
upon fubjeAs, of divinity arc very numerous, but no- 
thing npar fo itppiortant as his mathematical works. 

. In he, publtftcd hjs Hiftory and Praftice of 

iWgcbira^ m fojio ; a vrork that is full of learned ami 
ttiatter* Befldci the works above mcationed, he 


publiflrcd many others, particularly liig Anihmedc 
inJimUst a book ot genius and good invention, and 
perhaps alinoH his only woik that is fo, for he was 
much more dlllinguiihed for bis induHry and judgment, 
than for bis genius. Alfo a multitude of papers in the 
Philof. Trauf, In almoH every^ volume, from the ill to 
the 2jth volume. In 1697* tbccuratoj *8 of the Univer- 
fity prefs at Oxford thouglu it for the honour of the 
univerfity to colltft the doftor’s iralhematical works, 
which^ had been printed fepai-alely, foine in Latin, 
fome in F.iigliHi, and publiflied them all together in 
the Latin tongne, in 3 \oL <oHo, 1699. 

Dr. WaUi!. died at Oxford the 28th of Oftober 
in the hStli year ot tus age, leaving behind him 
one Ion and two dAughlers. Wc me told that he was 
ot a vigorous contlilution, and of a mind which waj 
Hiong, calm, firene, at\d not eafily ruftled or difeom- 
poftd. He ipcaks of hiiufclf, in his letter to Mr. 
Smith, la a drain whicdi flicws him to have been a vciy 
cautious and prudoU man, whatever his leoict opinions 
and attachments might be : In- concludes, “ It hath 
been my endeavour all along to aft by modcTate prin. 
ciples, being willing, whatever fide was upptrmolf, to 
promote any good dcfign, for the tiue inteictl of icU- 
gion, of learning, and of the j)ul Hc good.” 

WARD (Dr. Seih), an Kngblh prelate, chiefly 
famous for his knowKtl);e in mathematics and allrono- 
iny, was the fon of anatloiney, and bom at Bunting- 
ford, Hertford/hire, in 1617 or 1618. From hence 
h<‘ was removed and placed a lludent in Sidney college, 
Caiubiidge, in 1632, Hire he applied with great vi- 
gour to his Iludics, particukirly to the mathema- 
tics, and was chofen fellow of bis college. In iC4<i 
he was pitched upon by the Vice-cbanccllor to be Prac- 
varicator, wdiich at Oxford is called Terric-filius; 
whofe office it w^as to make a witty fpeech, and to 
laugh at any thing or any body ; a piivilegc which 
he excrcifed fo freely, that the Vice-chancellor aftii- 
ally fufpended liitn from his degree; though he re- 
verfed the cenfurc the day following. 

The civil war breaking out, Ward was involved not 
a little in the conrequences of it. He was ejefted from 
his fellowfliip for refilling the Covenant ; againft which 
he foon after joined witli fevcral others, in drawing up 
that noted treatife, which was afiefwards printed. 
Being now obliged to leave Cambridge, he refided for 
fome time wo’ih certain fi lends about L.ondon, and at 
other times at Aldbury in Surry, with the noted mathe- 
matician Oiightrcd, where he profecuted bis mathema- 
tical fludies. He aftcrw'ards lived for the mull part, 
till 1649, with Mr. Ralph Freeman at Afpenden in 
Hcrlfoidlhire, whofe fons he inllrufted as their pre- 
ceptor } after which he refided fome mohths with lord 
Wen man, of Thame Park, in Oxfordftiirc. ^ 

He liad not been long in this family before the vifi* 
tation of the univerfity of Oxford began ; *the eftVft of 
which was, that many learned and eminent perfont 
were turned out, and among them Mr. Greaves, the Sa- 
vilian profefTor of Aftronomy ; this gentleman la|>ourcd 
to procure Ward for his fucceftbr, whofe abilities in 
his mij were univcrfally known and acknowledged j 
and efrefted it ; Dr. Wallis fucceeding to the Geome- 
try profcftbrftiip at the fame tinse't Mr. \Vafd then 
entered himfclf of Wadhara ^bDege, for tbe fake of 
4 2 D/» 
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t)r* WilWftSj who was the warden ; and he prcfcntly 
applied hlmrclf to bring the aftronomy leelurcs, wlilch 
had long been ncgle^U’d and difufed, into repute 
again j and For this piirpofe he read them very epn- 
hantly, never milling' one reading day, all the while he 
held the le^lurc. 

In 1^54, bnlli the SavIIian profcflhra did the ir cxcr- 
tifcij, in order to proceed dodois in divinity; and 
when they vverc to be piefented, Wallis claimed prece- 
dency. Tills occalicned a difpute ; \\ Inch being de- 
cided in favour of Ward, who wms really the hnior, 
Wallis went out grand compounder, and fo obtained 
the [ircctdency, fn 16J9, Ward was chofen prcfulent 
of Trinity colli ge ; lut was obliged at the Rclloration 
to rclign that phice. lie had amends made him, how- 
ever, by being piercuted in 1660 to the reclory of iSt. 
Laurence jea I V. The fame year he was alfo inllallcd 
precentor of the church of Kxttcr. In 1661 he be- 
came fellow of tlic Royal Society, and dean of lixc- 
ter ; and the year following he was advanced to the 
bifhopricof the fame church. In 1667 he was tranflat- 
cd to the Tee of Salifbury ; and in 1671 was made 
chancellor of the order of the gaiter; an lionour 
which he procured to be permanently annexed to the 
fee of Salilbury, after it had been held by laymen for 
above 1 50 years. 

Dr. Ward was one of thofe unhappy perfons who 
have the misfortune to furvlve their fenfes, which hap- 
pened in confctjuencc of a fever ill cured : he lived till 
the Revolution, but witliout knowing any thing of the 
matter; and died in January l68y, about 71 yeats of 
age. Ho was the author of feveral Latin works in 
'.illronomy and (Idlcrcnt parts of the mathematics, 
vrhicli were thouglit excellent in their day; but their 
life has been luperfeded by later Improvements and the 
Newtonian philofophy. Some of thcfcwcrc, 

1. A Philofophical Elfay towaidsan Eviftionof the 
ijcing nncl Attributes of God, &c. 1652. 

2, Do Comeiis, &c; 4to, 1653. 

3 . In Ifmaelis Bullialdi Allionomia Inquifitio; 
4fo, 

4, Idea Trigonomelrise demouflratas ; 4to, 1654. 

Aflronomia GeouKtiii!a; 8vo, 165O. In this 

work, a method is propofed, by which the aftronomy 
of the planets is geometrically refolvcd, either upon the 
Elliptical or Circular motion ; it being in the third or 
lull part of tills work that he propofts and explains 
what is called Ward’s Circular Ilypothciis. 

6. Exercitntio epillolica In d’honias Hobbii Pliilofo- 
pluam, ad 1 ). joannem Wilkins ; 16 jf), 8 vq- 

But that by which he hath chiefly fignalizcd hira- 
fc)f, as to aftipnomical invention, is his celebrated ap- 
pioximation to the true place of a planet, from a given 
mean anomaly,, founded upon an hypothefis, that the 
motion of a phhet, though it be really performed in an 
elliptic Orbi^, may yet be confidered as equable as to 
angular velocity , pr with an uniform circular motion 
round the tipper focus of the clHpfe, or that next the 
aphelion, as a centre. By this means he rendered the 
praxis of calculation much eafier than any that could 
he ufed in refolvinj what has been commonly called 
K.epkr’^ problem^ in w^hich the coequatc anomaly was 
to bji immediately inveftigated from the mean elliptic 
•Off*/ H^s hypothelis agrees vary well with thofe orbits 


which arc elliptical but in a uciy Lilian degree, as that 
of the Earth and Venus; but in 6theni^ that are more 
elliptical, as thofe of Mercury, Mars, this approxi^ 
mat ion flood in need of a correal 1 oh, which was made 
by Bulliald. Both the method, and the corredion 
are very well explained and demonllratcd, by Kcill, in 
his Aflronomv, ledurc 24. 

V/ARG£NriN (PKTiR), an ingenious Swedifh 
mathematician and aflronomer, was born Sept. 22, 
1717, and died Dec. 13, 1783.^ He became fecreT.uy 
to the Academy at wStockholni in 1749, W’hcn he waj 
only 32 ycais of age; and he became lucceflively a 
member of mofl of the literary academies in Europe, 
as London, Paris, Pctcifliurg, Gottingen, Upfal, 
Copenhagen, Drontheim, &c. In this count»7 he is 
probably mofl known on account of hi? tables for com- 
puting the ecliufes of Jupiter’s faUllitcs, which arc 
annexed to the Nautical Almanac of -1779 I know 
not that he has piibliflied any feparate work ; but his 
communications were very numerous to feveral of thofe 
Academies of which he was a member; as the Aca- 
demy of Stockholm, in which arc of his memoirs; 
in the Philoiophieal Tianfaclions, the Upfal A6ls, the 
Paris Meinoiis, &c. 

WATCH, a fmall portable machine, or movement, 
for meafuring time ; having its motion commonly re- 
gulated by a fpiral fpring. Perhaps, ftriftly fpeaking. 
watches arc all fuch movements es Jhtw the parts of 
time ; as clocks are fuch as them, by ftrikin ' 

on a bell, &c. But commonly, the term Watch is ap- 
propriated to fuch as are cairied in the pocket ; and 
clock to the large movements, whether they flrike the 
hour or not. 

Spri//^ or Pendulum Watch Fs fland pretty much on 
the fame principle with pendulum clocks. * For if a 
pendulum, deferibing fmall circular arcs, make vibra- 
tions of unequal length?, in equal times, it is becaufe 
it deferibes the greater arc with a greater velocity ; fo 
a fpring put in motion, and making greater and Ids 
vibrations, as it is more or Icfs ftiff, and as it has a 
greater or Icfs degice of motion given it, performs 
them nearly in equal times. Hence, as the vibiations 
of the penduhim had been applied to large clocks, to 
rtdlify the inequah’ty of their motions ; fo, to corrcA 
tlie unequal motions of the balance in Watches, a fpring 
13 added, by the ifochronifm of whofe vibrations the 
coiTc£lion IS to be affedted. The fpring is iifiially 
wound into a fpiral ; that, in the little compafs allotted 
it, it may be as long as poffiblc ; and may have llrcngth 
enough not to be maftered, and dragged about, by the 
inequalkics of the balance it is to regulate* The vL- 
brationa of the two parts, viz, the fpring and the ba- 
lance, (hould be of the fame length ; but fo adiufted, 
as that the fpring, being more regular in the length, 
of its vibrations than the balance, may occafionally 
communicate its regularity to the latter. 

The Invention of Spring or Pocket IVdtches^ is dtic to 
the laft age. It is true, it is faid, in the hiflory ol 
Charles the j[Ih, that a Watch was prefcnied^ to that 
prince : but this was probably no more than a kind of 
clock to be fet on a tabic ; fomc refemblance of which 
wc have ftill remaining in the ancient* pieces made be- 
fore the year 1670. Some ateoutits alfo fay, the Aril 
Watchei were made at Nurcnifiei^ ia 1500, by 
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Nurembejg eggt, pn account of 
their 0^1 . A*wi. father, |hat the fame year 

George Purbach, a mathematician of Vienna, employ- 
ed a watch that pointed to fcconds, for allronomical 
obfervatiooa, which was probably a kind of clock. In 
effcA, it isbetween Wpok and Huygens that the gK>r)- 
of this excellent invention lies ; but to which ot them 
it propel ly belongs^ has been greatly difputed ; the 
Englifn aferibing it to the former, and the Pieifch, 
Dutch, SiCy to the latter. Derham, In his Artificial 
Clockmaker, fays roundly, that Dr, Hook w is the 
inventor ; and adds, that he contrived various ways of 
regulation : one way was with a loadllone : another 
with a tender ftraighr fpring, one end of which play- 
ed backward and forward with the balance j fo that the 
balance was to the fprlng as the hall of a pendulum, and 
the fpring as the rod of the fame : a third method was 
with two balances, of which there were divcis forts; 
foine having a fpiral fpring to the balance for a regula- 
lator, and others without. But the way that prevailed, 
and w'hich dill continues in mode, was with one ba- 
lance, and one fpring running round the upper part of 
the verge of it : though this has a difadvauta^e, which 
thofe with two fprings &c were free from ; m that, a 
fudden jerk, oi confufed (hake will alter its vibrations, 
and flurry it very much. 

The tinae ot thefe inventions was about the year 
3658 ; as appears, amonff other evidences, from an 
inlciiption on one of the double-balance Watches 
prefentedto king Charles the fecond, viz, Rob. flock 
inven. 1658. T, Tompion fecit, 1675. The inven- 
tion foon came into repute both at home and abroad ; 
and tw'o of the machines were font for by the Dauphin 
of F ranee. Soon after this, M, Huygenses Watch 
with a fpiral fpring got abroad, and iji^de a great noife 
in Englatid, as if the longitude could be found by it. 
It is ceitain however, that this invention was later than 
the year 1673, when his book Ue Horol. Ofcillat* was 
publiflicd ; in which there is no mention of this, though 
he fpcaks of feveral other contrivances in the fame way. 

Quo of ihefc the lord Bronnker fent for out of 
France, where IVJ. Huygens had got a patent for 
them. This Watch app-ecd with Dr. Flock’s, in the 
application of the fpring, to the balance ; only that of 
Huygtns had a longer fpiral fpiing, and its pulfes and 
beats were much flower ; alfo the balance, infltad of 
turning quite round, as Dr, flock’s, tiuiH'd fcvcral 
times every vibration. Huygens alfo invcntcvi dtvirs 
other kinds of Watches, fomc of them witlwut any 
ftring or cliairv at all, wfiich he called pendulum 
Watches, 

Mr. Derham fuggefts that he lufpe^s Fluygcnb's 
fancy was firft fet to w'ork by feme intelligence he 
might hare of Hook’s invention from Mr. Oldenbtirg, 
®r fome otb^r of hi^correfpondents in England ; though 
Mr. Oldenbuiv vindicates him felf agalnfi that charge, 
Ht.tjw Phfloi^Trand nutnhpfs it8 and 129. 

WaUmn,, ilnce their firft invention, have gone on in 
a continued cotit^fe of improvement^ and they have 
hiteljr hfco. brought to great perfe 61 ion, both in England 
and iti .FraiiiQe«..hut more cfpecially the former, par- 
ticuliarly owifig the great encouragement that has 
heen. given by t& Board of Longitude. Some 

•S the tWef writcf»> and imp/oven of. Watches, arc, 
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Arnold, w|)ofe W.itthc$ are now iu very hiirh re- 
pute, and in Ijequeiu nfe in the navy and India Ihip^ 
h>r kce, the lonjritude. Sec Derhatn’s Artificial 
Ucckmiiker Ciiminui.’a Principles of Clock and 
Watch \v.>i k ; Miiil^e a Tlioughts oil the Mean, of im- 
proving Watches, See, 

Strilw, Wa rcHEs, are fiich as, befides the proper 
\Vatch part, for iiienfuring time, have a clock part, 
for ftnkinjr tlie houre, &c. Thefe are real cl.Kks t 
only moved by a fpring inflead of a weight ; and arc 
properly calkd poeket-clocka, 

Repeatln^r W atoh 1.3, are Uich as, by pulling a ftring, 
&c, repeat the lu)ur, quaiter, or minute, at any time 
night. — >1 hla rcpctilioii was the invention 
of Mr. Barlow, being fird put in piadlce by him in 
larger movement ; or clocks, about the year 1676. The 
contrivance? immediately fet the other arilfts to work, 
who foon contrived divers ways of clFcOting the fame. 
But its ^application to pocket Watches was not known 
before Iv. James the fccond’s reign; when the ingenious 
inventor above mentioned was foliciting a patent for it. 
The talk of a patent engaged Mr. C^iare to uFumc 
the thoughts of a like contrivance, which he had in 
view fomc years before : he now tffeaed it ; and being 
prefled to endeavour to prevent Mr. B^jlow’s patent, 
a Watch of each kind was produced before the king 
and council ; upon trial of which, the preference was 
given to Mr. Clare’s. The difference between them 
was, that Birlow’s was made to repeat by pnihing 
in tw^o pieces on each fide the Watch-box ; one uf which 
repe,itcd the hour, and the other the quarter : whcrcai 
(glare’s was made to repeat by a pin that ftuck out 
near the pendant, which being thrufl in (as now U 
done by thrufting in the pendant iifelf) icpcatcd both 
the hour and quarter with the fame thrufl:. 

Of the Meehan fm of a Watch. 

Watches, as well as clocks, arc compofed of' wheels 
and pinions, with a regulator to dlrefl the quicknefs- 
oT flowTiefs of the whctls, and of a fpring which com- 
municates motion to the whole macliiiic. But the 
regulator and fpring of u Watch are v.iitly inferior to 
the weight and pendulum of a clock, neither of which 
can be employed in Watches. Inftcad of a pendulum,, 
thcicfore, they arc obliged to ufe a balance (PI. 34-, 
fig. 4) to regulate the motion of a Watch ; and of a 
fpiing (fig. 6), which feives inftcad of a weight, to^ 
give motion to the wheels and balance. 

The whf-ejs of a Watch, like thofe of a clock, are 
placed in a frame, formed of two plates-and four pillars. 
Kg, 3 rcprefenls the infidc of a Watch, .after the plate 
5) IS taken off. A is the barrel which contains • 
the fpring (fig. 6) ; the chain is idled about the 
b irrel, with one end of it fixed to the barrel A, and 
the otiiec to the fufec t 

Wh^n a VVatrli is wound up, the chain which wail* 
upon the hanel winds abr ot the fufee, rfiwl by ihiil- 
means the Ipn’ng is flretched ; for the intetior end pf 
the fpring is fixed by a (pring to the immoveable axis, 
about which the barrel icvdvc : ; ihc c^^tciior end of 
the fpring is fixed to the In ''vie of the barrel, which 
turns upoiiMO axis. It it there .eify to perceive how 
the fpruig extends Iifelf, and. how UatUfBcity furcci 

tW; 
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jto tuA- iriHi oWgea Ae 

T^ain wl^icK is^tpon tbcffufeerM unfold ^and t uni' Ae 
thb. motion of thc-Afbe ia-communicat-ed to tHe 
,)^vhc^l CCf then by' means* of tb^ tectli, to the-^inidn 
which carrlifi the wheel Dj then to the pinion </, 
whic(l»‘CarrM 38 - the wh^cl E then to the pinion #, whith 
carries the wheel p ; then to the pinion /, upon which 
ifi.thc balaoce-wh^jel’ Gj whofc pivot nuns' rn the piece 
A, called the^potance* and B* called a (follower^ which 
are fixed on the plate fig. -5. This plate, of which 
only a partia repitfented, is applied to that of fig. 3, 
ill filch a manner, that the pivots of the wheels enter into 
holes made in the plate fig. 3. Thus the imprefied 
force of the fpring is communicated to the wheels : 
and the pinion /being then cotinc(^U‘d to the wheel F, 
obliges it to turn (fig. 7), This wheel a6ts upon the 
pallats of the verge I, i, (fig. 4) the axis of which 
cairiee the balance HH (fig. 4). The pivot T, in the 
«nd of the verge, cntei-sinto the hole G in the potance 
A (fig. 5). In this figure the pallats are reprefented ; 
but the balance is on the other fide of the plate, as may 
be feen iu fig. ll. The pivot 3 of the balance enters 
into a hole of the cock BC (fig. 10), a pcrfpciSlivc view 
of which is reprefented in fig. 12. Thus the balance, 
turns between the cock and the potance c (fig. 5), as 
in a )ci'nd of auige. The adkion of the balance-wheel 
upon the pnllafs i, 2, (fig. 4) is the fame with that 
of the fame wheel in the clock; i. c. in a Watch the 
balance-wheel obliges the balance to vibrate backwards 
and forwards like a pendulum. 

At each vibration of the balance a pallat allows a 
tooth of the balance-wheel to cfcape ; fo that the 
quicknefs of the motion of the wheels is entirely deter* 
mined by the quicknefs of the vibrations of the balance, 
ind ihefe vibrations of the balance and motion of the 
wheels are produced by the adlion of the fpring. 

But the quicknels or fiownefs of the vibrations of 
the balance depends not folcly upon the adlion of the 
great fpring, but chiefly upon the aftion of the fpn'ng 
aSc, called the fpiral fpring (fig, ) fitiiatcd under 
the balance H, and reprefented in perfpccliv'e (fig.i i) ; 
the exterior end of the fpiral is fixed to the pin a 
(fig. 13). This pin is applied near the plate in a 
(fig. 11); the Interior end of the fpiral is fixed by a 
peg to the centre of the balance. Hence if the balance 
be turned upon itfclf, the plates remaining immoveable, 
the fpring will extend itfelf, and make the balance per- 
form one revolution. Now, after the fpiral is thus 
extended, if the balance be left to itfclf, the elafticity 
of the fpiral will bring back the balance, and iirthis man- 
ner the alternate vibrations of the balance are produced. 

In fig. 7 all the wliccls above deferibed are reprefented 
in fuch a manner, that we may cafily perceive at firft 
fight how the motion is communicated from the barrel 
to the balance. 

In fig. 8*are reprefented th^ wheels under the dial- 
plate, by ^hich thcliands are moved. The pinion a 
IS adjufted to the force 6 f the prolonged pivot of the 
wheel D (fig. 7), and is called a capnon pinion. This 
wheel revolves in an hour. The end of the axis of the 
pinion a, upon which the minute hand is fixed, is 
; the pinion ffig, 8) is indented intq the wheel 
W^ch is carried by the pinion a, Fig. ^ is a wheel 
&iSed upWabari:t^ inu the cavitjr of which the pinion 


V rsyoWe. jif'i* h(juii< iin<d oimu whh it the 

WATER, In Ph^fiologjrr a clear, infipvd, and co. 
lourlefs fluid, coagulable into a tnmfparent folid fub- 
fiance, called ice,^ When placed in' a temperature of 3:* 
of Fahrenheit's ‘thermometier, or lower, but volatile 
and fluid in every degree of heat above that j and when 
pure, or freed from heterogeneous particles, is reckoned 
one of the four elements. 

By fomelatc experiment's of MeflVs. Lavolfier, Watt, 
Cavendifh, Prieftley, Kirwan, kci it appears, that 
Water confifts ofdephlogifiicaUd air, and inflammable 
air or phlogiflon intimately united ; or, as Mr, Watt 
conceives, of thofe tvVo principles deprived of part of 
their latent heat. And in fomc in fiances it appears 
that air and Water arc mutually convertible into each 
other. Thus, Mr. Cavendifh (Philof. Tranf. vol. 74, 
p. 1 28) recites fcveral experiments, in which he changed 
common air into pure Water, by decompoling it in 
conjunflion with inflammable air. Dr. Pricflley like- 
wife, having dccompofcd dephlogifticated and inflam- 
mable air, by firing them together by the ele<‘lric 
explofion, found a manifefi decompofition of Water, 
which, as nearly as htf could judge, was equal in'wclght 
to that of the decompofed air. He alfo made a number 
of other curious experiments, which feemed to favour 
the idea of a converlion of Water into air, without ab- 
folutely proving it. The difficulty which M. De Luc 
and others have found in expelling all air from Water, 
is bed accounted for on the fuppofuion of the generation 
of air from Water j and admitting that the converfiou 
of Water into air is effefled by the intimate union of 
what is called the principle of heat with the Water, it 
appears fufficicntly analogous to other changes, or rather 
combinations, offubftanccs. Is not, fays Dr. Prieftley, 
the acid of nitre, and alfo that of vitriol, a thing as 
unlike to air as Water is, their properties being as 
remarkably different ? And yet it is demonitrable 
that the acid of nitre is convertible into the pureft 
refpirablc air, and probably by the- union of the f^imc 
principle of heat. Philof. Tranf. vol. 73, p. 414 &c. 

Indeed there feems to be Water in all bodies, and 
particles of almoft all kinds of matter in Water ; fo that 
it is hardly ever Efficiently pure to be confidered as an 
element. Water, if it could be had alone, and pure, 
Boerhaave argues, would' have all the requifites of an 
element, and be as Ample ad fire ; but there is no ex- 
pedient* hitherto difeovered for proctirlng it fo pure. 
Rain Water, whidi feems the pureft of all thofc vfc 
know of, Is replete with infinity exhalations of all kinds, 
which it imbibbs from the air: fo that if filtered and 
dillillcd a thoufand times, there fiill remaiii faeces. 
Befidcs this, and the numbcrlefs itnpEities it acquires 
after it is raifed, by mixing with ^|lifoiiff of effiuvia in 
the atmofpkere, and by falling bpoo running over 
the earth, houfes, and 6ther pla^ir. Tliere id'affo Ait 
contained in . all Water ; as 'fVo'ii its fluidity, 

which is owinj^ to fire alone. Nor tab' any kinds of 
filtering through fand, ftooc, &cVito ft entirely from 
falls 5 cc. Nor have ill tlE dq^riA^tl have been 
invented by the phnofopherii able to derive 

Water pemdly pure. tohr 

is eooYniced oF Wat^ ; 
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tfait th€ utmoft of knowitf only litecmnta to 

iubetn^ free ftbiftthie oir that fort of matter | and that 
it can ficvcr* for inftance, be quite deprived of fait ; 
fince air will always accompany Water, and air always 
contains fait. 

Water feems to he diffufed everywhere, and to be pre • 
fent in all fpacc wherever there is matter. There arc 
hardly any bodies in nature but what will yield Water: 
it is even aflTerted that fire itfclf is not witliout it. A 
finde graiii of the fiery fait, which in a moment's time 
will penetrate through a man^s hand, readily imbihea 
half its weight of Water, and melt^ even in the drieft 
air imaginable. Among innumerable inftances, hartf. 
horn, kept 40 years, and turned as hard and dry as 
any metal, fo that it will yield fparks of fire when 
ftruck againll a flint, yet being put into a glafs veflel, 
and dilUllcd, will affotd {th part of its quantity of 
Water. Bones dead and dried 15 years, and thus 
become almoft as hard as iron, yet by diHillation have 
yielded half their weight of Water. And the hardelt 
Itones, ground and diftilled, always difebver a portion 
of it. But hitherto no experiment ihews, that Water 
enters as a principle into the combination of metallic 
matters, or even into that of vitrefcible ftoncs. 

From fuch confidcrations, phllofophers have been led 
to hold the opinion, that all things were made of Water. 
Bafil Valentine, Paracelfiis, Van Helmont, and others 
have maintained, that Water is the clementtal matter 
or ftamen of all things, and fuffices alone for the pro* 
dudion of all the vifiblc creation. Thus too Newton : 

All birds, beafls, and fifhes, infc^ls^ trees, and 
vegetables, with their feveral parts, do grow out of 
Water, and watery tindlures, and falls j and by putre- 
fadlion they all return again to watery fubjlances.** 
And the fame do£lrine is held, and ccftifirmed by ex- 
periments, by Van Helmont, Boyle, and others. 

But Dr. Woodward endeavours to flicw that the 


Jioadd^fd for die IVdsbt and Puriiy of Win 
Water^fcarce ever continues two raomeuia cxaaif 
of the (aine weight ; by rcafon of the air and fire con. 

A of Water in boiling fhewi 

clegrecsoffire have on the 
grav ity of Water. This makes it difficult to fix the 
Ipecific gravity of Water, in order to fettle its degree 
of purity. However, the pureft Water we can ob- 
tain, according to the experiments of Mr. Hawlkbee. 
13 850 times heavier than air: or according to the ex- 
peiimeats of Mr. Cavendifli, the thermometer being 
at 50 and the barometer at 29^, about 800 times at 
leavy asair: and according to the experiments of Sir 
Uco. bhuckburgh, when the barometer is at 20-27 and 
the thermometer at 53*. Water is 836 times lieavier 
than air; whence alfo may be deduced this general 
proportion, which may be accounted a ftandard, vix, 
that, when the baronacter is at 30® and the chermameter 
at 5^®, then Water is 820 times heavier than air ; alfo 
that in fuch a ftatc the cubic foot of Water weighs tooo 
ounces avoirdupois, and that of air 1-222, or nearly, 
alfo that of mercury 1 3600 ounces ; and for othet* (litcs 
of the thermometer and barometer, the allowance is 
after this rate, viz, that the column of merciuy in the 
Iwomctcr varies its length by the 10 ihoufandth part 
of itfclf for a change of each finglc degree of tempeia- 
t'ure, and Water changes by part of its height 

or magnitude by each degree of the fame. However, 
w'O have not any very exad ftandard in air; for Water 
being fomiich heavier than air, the more Water there 
is contained in the air, the heavier of. courfe muft the 
air be ; as indeed a confidcrablc part of tlie weight of the’ 
atmofphere feems to arlfc from the Water that is in it. 

Properties and Jifeits of Water. Water is a* 

very volatile body. It is entirely reduced into va- 
pours and dilfipatcd, when expofed to the fire and 
unconfined. 


whole is a miftake. — Water containing extraneous cor- 
pufcles, fomc of which,, according to him, are the 
proper matter of nutrition ; the Water being ftill 
found to afford fo much the lefs nouriftiment, the more 
ft is purified by diftillation. So that Water, as fuch, 
does not feem to be the proper nutriment of vegetables; 
hm only the vehicle which contains the nutritious 
particles, and carries them along with it, through all 
the parts of the plant. 

Helmont however carries his fyftcm ftill farther, and 
imagines that all bodies may be reconverted into Water. 
His alkahett, he affirms, adequately refolves plants,^ 
animals, and miflcrah, into one liquor, or more, ac- 
cording to their feveral internal differences of parts ; 
and the alkaficft, . being abftra<fted again from thcfc 
liquors, in the fainc weight, and with the fame virtues, 
as when it diflTolved them, the liquors may, by frequent 
cohobationa from chalk, or fomc other proper matter, 
“^totally deprived of their femirral endowments, and at 
laft return to thcjrfiril matter; which is infipid Water. 

Spirit of wini^ ©fall other fpirits, feems freeft from 
^atcf ; yet Ht^ont affirms, it may be fo united with 
Water, as to^be^oine Water itfelf. He adds, that it 
A under a fulphureous difguife. 

*^*id the Aiitg he obferves of all falts, and of 

atooft wholly changed into Wa« 

Vr^li ■ ‘'t- . > ‘ y f 


Water heated in an open veflel, acquires no more* 
thaii a certain determinate degree of heat, whatever be 
the intenfity of the fire to whicli ft is expofed; which 
greateft degree of heat is when it boils violently. 

It has been found that the degree of heat neceflary 
to make Water boil, it variable, according to the purity 
of the Water and the weight of the atmofphere. 'Fhc 
following table fhtws the degree of hent at whicli Water 
boils, at various heights of the barometer, being a me- 
dium between thofe refulting from the experiments of* 
Sir Geo, bhuckburgh and M; Dc Luc : 



W4tecr 






.|ne!?<6r^ i«Klrt1ie ^ p^mg 

thtotigh kalheiv Wtdd^8^ t^c<j,*^hadi:\viifrdd^ip^^^^ 
miking tu tvay gridn^Ily^throvghfwodds $ 4fidi ift only 
f^aimbk in glafi.^aTid ^ motals i liiy it wa« found* by 
ejtporimnnt at Fbreneoy that whtn (hut Up fn a fphe- 
fical vtfTcl of goW^^tvbiciirwas prtlfcd with a great force, 
it made itt way through the ports even of the gold 
itfelf. . - ■ , • . -r 

Water, by thia penetrative epialky alone, may be in- 
ferred to enter thccomiiofition of all bodies, both vege- 
ti ble» animal, foffil, and even mineral { with this par- 
ticular ciremn (I atjcc, that it is eafily, and with a gentle 
heat, fepatablc again from bodies it had united with. 
And yet the famt: Water, as little cohefive as it is,- 
and a» cafily hpauited from ^moft bodies^ will cohere 
fnmly with fomc others, and bind them together in 
the moft folid mafTes ; as in the tempering of earth, or 
^lea, clay, or powdered bones, 3cc, with Water, and 
then driea and burnt, when the mafTes become hard 
as floncs, though without the Water t)iey would be 
tncte duft or powder. Indeed it appears wonderful 
that WiatCf, which ia^ otherwife an almoif univerfal 
difTolvent, Ihould ncvcrthelcfs be a great coagulator. 

Some Iwvc imagined that Water is iDcomprelfible, 
and therefore nonehiftic; founding their opinion on 
the celebiatcd Florentine experiment above mentioned, 
with the globe of>go!d; when the Water -being, ' as 
they (ly, inoapltble of condenfatfon, rather than yield, 
tranfndcd through the pores of the metal, fo that the 
ball was found wet all over the outfide ; till at length 
making a cleft 4n the gold, it fpun out with great ve« 
hemcnce, Biit the truth of the conclufions drawn from 
this Florentine experiment has been very juftly quef- 
tioned ; Mr* Canton having proved by accurate- ex- 
periments, that Water is aAually, compreffed even by 
the weight of the atmofpherc, SeeCoMPRE-ssiOK. 

Bcfidee, the diminution of fi/,c which Water fuffers 
when it palTcs to a lefs degree of heat, fufficicntly 
fliews that the particles of this fluid are,’ like thofe of 
all other known fubftances, ^capable of approaching 
nearer together, < • 

Ditch Water, is often ufed as an objedl for the 
microfeope, and (cldom fails to afford a ^reat iariety 
of animalcules ; often appearing of ^^rccmlh, reddifh, 
or ycllowifii colour, from the great multitudes of them. 
And to the fame canfc is to be afcribfcd tlic green (him 
on thefurfacc of fuch Water, Dungliill Water iadfo 
full of an immenfe crowd of animalciiTes. ^ 

Frejh Water, is faid of that which is infipid, or 
without fait, and inodorous; being the natnirai and 
pure date of the elemeilU ^ j ' : 

HardVif KTjkKf or Water, is,.that in vrbich 
foap docs not difCblve completely or uniformly, but is 
curdled, 1‘he diflblvtng power of hard Watd^ is lefs 
than that df fofc ; stfd hence its Unfitnefs fpr wafhing, 
bleaching^ dyeing, boiling kitchen, vegetables, &c. 

The hardneft of( Water WRy iirifc- cither from felts, 
or from gasl Thac^which arifea /rom foks, may be 
ilifcqvered and rcipedied by adding ibme^drops of a 
fplutloo of fixed alkaliR but fatter byi:>oiffng, ©r 
AXnofure.to thcopiJi-aic.-^,-i *. jsi ^ , 

Waters Rbeoftat hipit kpt tivciWatcr fell, 
lixrd W«tm m i!eiaifflad)^%kd^ad to conmpt^; 


they 

fof'kcflipra^at fca; cfpeclally as tlrtj^lrt(ii>cafily foftened 
by a Rttic alkaline to. ^ 

P»/r/W Water, is that totchhas acquired an offen- 
five fmeli and tafte by the ptftrefceticc of animal or 
vegetable fubftances domained in it. This kind of 
Water is in the higheft degree pernicious to the human 
frame, and capable of bringing on mortal difeafes even 
byitsfrucll. Quicklime put into water is ufcful to 
preferve it longer fwcet ; or- even expofure to the air 
in broad (Jiallow vcflels. And putrid Water may be 
in a great meafure fweetened, by paffing a current of 
frclh air through it, from bottom lo top. 

Water «ay be conjfi.dered as thq pureft dif- 
tilled Water, but impregnated during itspaflage through 
the air with a coniidcrable quantity of phlogiftic and 
putrefeent matter j whence it is fuperior to any otlier 
in fertilizing the earth. Hence alto it is inferior for 
dorncftic purpofes to fpiing or river Water, even if it 
could be readily procured : but fuch as is gotten from 
fpouts placed below the roofs of houfes, the common 
way of procuring it in .this country, is evidently veiy 
impure, and becomes putrid in a (hort time. 

River or Water, is next in purity to fnow 

or diltilled water; and for domeftic purpofis fupeiior 
to boilir, in. having lefs putiefcent matter, and moie 
fixed air. That however is much the puvcil that runs 
over a clean rocky or (lony bottom. 

■ River Waters generally putrefy fooner than thofe of 
fprings, During the putrefadion, they throw off a 
part of their heterogeneous matter, and at length be- 
come fvvect again, and purer than at firft ; after which 
they commonly pi eferve a long time ; this is remaikabl) 
the cafe with the Thames Water, taken up about Lon- 
don } which is commonly ufed by feamen, in their 
voyages. 

. Salt Water, fuch as has much fait in it, fo as to 
be fenfible to the tRfte. 

Water, or Water of the fca, is an affemblagc 
of bodies, in which Water can fcarcc be faid to have 
the principal part : it is an univerfal colluvies of all 
the bodies in nature, fuflaincdand kept' fwimming in 
Water ns a vehicle : bekig a folution of common fait, 
fel-Catbarticus amaThS, a felenftlc fubilance, aird a com- 
pound of muriatic acid With magoefra, mixed together 
in various j)lr0i)ort!on8. It may oe frefliened by fimplc 
diftillatferi sMilKoUt an^ addition) and thus it hasfomc- 
tliftes been ufefril in long voyages at fea. Sea Water 
by itfelf has a pufgativt quality, owing to the falls it 
contains I and iaslxten greatly TCConMncnc^cd in fero- 
phulous'diforders* . ^ ^ ^ .r’ 

Water i» about parts m ioo ^ic«vicr*than com- 
mon -Water; and its temperatbre at ^cat depths is 
from to 40 degrees ; but near the mrfacc it follows 
niosrfvnearly 

Snow Water, is the pureft of all the common 

Waters^ toen'the fne^ has been 

in -a warm f^acc) in’ckan ghda not clofely 

(hipped, iHrt^Coytrtd' fronr j^*jiw^water be- 
cdmei rn titM pitmd t thonib bottles 

it tertitijnt ; uBtlteri|l^:fer fe^'^ 

Vfum futfans no , 

fe dtwhmonlf ^ 
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fmatl neuiral fak, extra£^ed from 

ihc difewn^ through which it percolates. Some 
eontaio a qhaijtity of ftooy matter, which they 
depofit as they run a1on^, and thus form mafles of 
{lone ; fometimes incruftating various animal and vege- 
table matters, which they are therefoi^ faid to petrify. 
Spring-Water ii much ufed for dome-tic piirpofcs, and 
on account of its coolnefs is ati agreeable dilnk ; but 
on account of its being ufually fomewhat hard, is infe- 
rior to that which has run for a couliderable way in a 
channel. 

Spring-water arites from the rain, and from the 
mills and inoifture in the atmofphere. Thefe falling 
upon hills and other parts of the earth, foak into the 
ground, and pafs along till they find a vent out ag liu, in 
tlie form of a fpring. 

WATER- 5 r//iefj, in Mechanics, are bellows, for 
blowingair into furnaces, that arc worked by the foiec 
of water. 

WATER-C/^i. See Clepsydra. 

WATER-ii«^f«e, an engine for extingulfiiing fires ; 
or any engine to raife water ; or any engine moved by 
the force of Water. See Engink, and Steam £«- 

r • 1 

W AT EK-Gaget an infirument for meafunng the 
depth or quantity of any water. See Gage. 

WATER-Xeve^ i» the true level which the furface of 
(llll Water takes, and is the truell of any. 

WATER-Z-e^^r^,*in Sea-Language, denotes the ftatc 
of a fh"lp when, by receiving a great quantity of Water 
into her hold, by leaking, &c, (he has become heavy 
and inadivc upon the fea, fo as to yield without refin- 
ance to the effort of every wave ruihing over lier 
deck. 

W ATE K- Mac Mnf* See Machine. , 

Water -i/eayi<re. Salt, fca-coal, &c, while on 
board vcPfels in the pool, or river, arc meafured with 
the corn-bu(hcV heaped up 5 or elfc 5 firiked pecks are 
allowed to the bufhcL This is called Watcr-meafure ; 
audit exceeds Winchcftcr-mcafurc by about 3 gallons in 
the bu(hel. 

WATER-ilflfVre/ 2 ’^. See Microscope. 

WATER-iJfiV/. Sec Mill. 

Motion of Wat EK, in Hydraulics. The theory of 
the motion of running Water is one of the principal 
ohjefts of hydraulics, and to which many eminent ma- 
thematicians have paid their attention. But it were to 
be wilhed that their theories were more confiftent with 
each other, and with experience. The inquifitivc reader 
may confnlt Newton’s Principia, lib. 2, pr. 36, with 
the comment. Dan. Bernoulli’s Hydrodynamica. J. 
Bernoulli, Hydraulica, Oper. tom. 4, pa. 389. Dr. 
Jurin, in the Philof. Trani; numi 4^2, or Abridg. 
vol. 8, pa. 282. Gravefande, Phyfic. Elem. 
hb. 3, par. 2. Maclaurin’s Flux. art. 5 37* Polcni oc 
CafielliW Ximcncs, D’Alembert, Boffu, Buat, and 
rnanyothm. , r 

But qotwitbffanding the labours of all thcie eminent 
auUion, this ukcfcate fnbje6t ftill remains in a 
mcafure ohfeure uncertain. Even the fimplc cafe ot 
the motion trf tuning water, when it iffues from a 
hole in the a teffcl, has never yet been deter- 

n\incd, univerfal fatisfaftipn to the learn- 

iSd, it i•no^v pretty generally allowed. 


that the velocity of the iffulug ffream, is equal to that 
which a heavy body acquires by falUng tiirough the 
height of the fluid above the hole, as may be demou- 
Itrated by theory : but in pradice, the 'quantity of the 
c/fluent Water is mucli lets than what is given by this 
theory ; owing to the obllruaion to the motion in the 
hole, partly from the tides ot it, and partly from the 
different dircClions of the parts of the Water in enter- 
ing it, which thence obftruA each other’s motion. And 
thisobllru£llon, and the diminution in the qaamityof 
Water rim out, is Hill the more in proportion as the 
hole is the fmaller ; in fuch fort, that when the hole t« 
very fmall, the quantity is diminilhed In the ratio of ^/Z 
to I veiy nearly, whidi is the latioof the greateil di- 
minution ; and for larger holes, the diminution ia al- 
ways lefs and left. This faft is afeertained, or admitted 
hy Newton, and all the other philofophcrs abovemen - 
tioned, with fome fmall variations. 

That the velocity of the Water in the hole, or at 
leall fome part of it, as that for example in the middle 
of the dream, is equal to that abovementioned, is even 
evinced by experiment, by dire<fl:ing the dream cither 
lideways, or upwards i for in the former cafe, it is 
found to range upon an horir.ontal pl^nc, a dillancc 
that jud aniwers to that velocity, by the nature of pro- 
jediles} and in the latter cafe, the jet rifes nearly to 
the height of the Water in the veffel ; which it could 
not do, if its velocity were not equal to that acquired 
by the free defeent of a body through that hci^itv 
Hence it is evident then, that the particles of the Wa- 
ter, which arc in the hole at the fame moment of time, 
do not all biirft out with the fame velocity ; and, in fa£l, 
the velocity is found to decreafe all the way from the 
middle of the hole, where it is greated, towards the 
fide or edge, where it in the lead. 

At a fmall didance from the hole, the diameter of the 
vein of Water is mudi kTs ihaqtliat of the hole. Thus, 
if the diameter of the hole be 1, the diameter of the 
vein of Water jud without it, will be or 0*84, ac- 
cording to Newton’s meafurc, who fird obftrvcd th's 
phenomenon ; and according to Poleni’s mcafure 0*78 
nearly. 

By the experiments of Buat (Principcs d’Hydraiili- 

? [ue), the quantity by theory is to that by experiment, 
or a fmall hole made in the thin fide of a reh’ivjnr, as 
8 to 5. When a diort pipe is added to tJie hole out- 
wards, oftlie length oftwo or three times its diaincter, 
that ratio is as 101013. And when 
the ihort pipe is all v.u'thin fide the 
veffel, as in the margin, the fame 
ratio becomes tliat of 3 to 2. Poleui 
alfo found that the quantity of Water 
flowing through a pipe or tube, was 
much greater than that through a 
hole of ihc fame diameter in the thin 
Tide or bottom of the veffel, the 
height ofTlic head of Water above 
each being the dime. See alfo many other .^rurlouS cir-, 
comdanccs in Buat^s Principes above mentioned. 

Some authors give this lulc fior finding the hcijght 
due to the velocity in a (kt orifice, or a mcdlont among 
all the parts of it, fuch that this medium velocity being 
drawn into the area of the hole, (hall give the quantity 
per fecond that runs through ; vjjc, let denote the 
4 R ' aica 
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|re9 pf the fwfece of the , Water iii ,the veflel, a the 
area of the orifice, by wjifcli the , W^ater Iffues, and// 
the height of the Water above the orifice ; then, 
ad 2^ — : h the heiglu due to the medium 

velocity, 01 the height from whicli a h^dy mufl freely 
dcTcend, by the force of gravity, to acquire that mCiJi 
velocity. 

Authors aic not yet agreed as to the force vilh which 
a vein of Water, fpouling fiom round hole in the fide 
of a veni'], prefTcs upon a plane dliedly oppofed ti) the 
motion of the vein. IMoll authors ague, that the 
prcfTurc. of thij vciu, flowing unlfonnly, ougliL to be 
equal to the weight cf a c)lindn of W'atcr, whofe bafe 
fs equal to the hole through which the Water flows, nud 
its height equal to flic height ('f the Water in the vef- 
fel above the hole. The cxperlpsents m idc by MaiiottCi 
and others, feetn to couiiteinnce this opinion. But 
X)an. Bernoulli rejee^is it, and cfliinates this preflujchy 
tlie weight of a colunui <^f the fluid, whole diameter is 
equal to the contra£led vein (according to Newton’s 
Qhfei'valion aboumciitloned), and the height of wliich 
Ik equal to (luuble tlie altitu<le due to the real velocity of 
the {pouting Water ; and this picfTmc is alfo equal to 
ihe foice ot icpullion, ariflng from the jcaclionof the 
fpouling Water upon the vefTcl. The ingenious aufJ.or 
remarks that he fpeaka only of fingk veins of Water, 
the wliole of which aic received by the planes upyu 
which they pi'cfs ; for as to the preiTiues exerted by 
flaicis furrounding the bodies they prefs upon, as the 
wind, 01 a liver, the cafe is diffetent, though con- 
founded with the formei by wvitetson this fuhjed. Hy- 
drod}uamica, pa. 289. 

Another rule however had been adopted by the Aca- 
demicians of Paiij, who made a number of cxpcil- 
ments to confirm or eflablilh it. Ilifl. Acad. Paris, 
aniu i 6"9, fed. 3, cap. 5. 

1). Bernoulli, on the other hand, thinks his own 
theory fufliciently ellabliflied by the experiments he re- 
lates; for the paiticulars of which fee the Ada Petro- 
jV'Iitana, vol. 8, pa. 122, , 

This ingenious cuihui is of opinion that his theory of 
the quantity of the force of ivpnlfion, exerted by u vein 
of fpouling \V'atcr, might bt ulefiilly applied to n\ove 
(hips by pumping r and he thinks the motion pioduced 
by this rcpulfivc force would fall ‘little, if at all, Oiort 
of that produced by lowing., He has given his. rear 
foils and computations at length in his Hydrodyna- 
Hiica, pa. 293 &c. ' ; 

This fclence of the preflures exerted by Water or 
other fluids in motion, is what Bernoulli calls Hydrau-^ 
iicQrlhUca, This, fpitnee differs frym hydro^^atic 3 , 
which cpnfideis only the prtlTurc of Water, and other 
fluids at reft ; whereas hydraulico^flailcs cpnfidcrj tho 
prefTerc of Water, la motion.. Thus th^ prtJTurc ^ ex- 
erted by Water mpvlng through pipes, upoiUlf fi^csof 
thofc pipes, is an .hydraulico-lUtIcal conlidprutiQo^ and 
has been erroneoufly deurmmed bv many,, who liave 
given no'other'ryle^.iOj^He/e, cafes, J)ut fhcji .ns are ap- 
plicable- only to. the prefTurp at re^, . flci; 

Jiydrocjynam.. pa. .2 di 6tc. , ' , , , • , .. ^ 

AftOMP; 

Dr. Hook coqtrivci} a Watcr-pojreJ may bi of 
gaud /cjcvicc in irxaaaiuiog the pi^ity kc oi WjAUr. . 


of a.roi^ul glafi bail* like » bolt head* about 
3 inches with a narroy , fl[*;iw or neefc, the. 

24th of aq inch in.diametcr ; wbiph b^Ingj poifed with 
red leadf to ns to make k but little heavier than pure 
Iweet Water, and thus fitted to one end of a fine ba- 
lance, with a counterpoife at the other end ; upon the 
lead addition <)f even the 2000th part of fait to a quan- 
tity of Water, lialf an inch of the neck will emeige 
above the water. Philof. Tranf. num. 19;. 

Raiftvg of Water, in Hydraulics, The great ufe 
(»f railing Water by engines foi the various purpofes cf 
life, is well known. Machines have In all ages beta 
contsived w'ith this view ; a detail of the belt of whicli, 
witfi the theoiy of their conllrudlion, would be veiv 
ciuIdus and inllrmftive. Al. Bclidor has executed thij 
in part in his Aicliitedure Hydraul'qne. Dt. Defagu- 
liers has alfo given a defeription of fcveial engui(?i to 
raife Water, in his Courfeot lixpcrimental Bhilofophv, 
vol. 2 ; and tliere aielcvcral other linaller woiks uf ti.j. 
fame kind, 

hugines for railing Water are cither fiicli a? throw 
it np with a great velocity, as in jets ; or (uch asraif' 
fioiu one place to anotlitr by a gentle motion, iroa 
the gcneial ihcoiy ot thelc engines, foe iiernoulli’i 
Hydiodynaniica. 

HcfagrJiers has fottlsd the maximum of engines fi.r 
raiflng water, thus : a nian with the beft Water engine* 
cannot raife above one hoglhead of Water in ap’.iiuite, 
10 feet high, to hold it all day*; but he can doiilmul' 
twice as much for a minute or two. 

. WATER-c^our. Sec Spout. 

W ATFiidVlirrl; an engine for rnifing Water in 
great quantity out of a deep well, &c. SccPersian- 
IVhaL 


W A T !• R • , See Raflng cf Water. 

WAVE,^ in PhyficS) avokiineof w^ater elevated by 
the adlon of the wind &c, upon its furface, inro .i 
ftate of fliufluation, and accompanied by a cavity, 'rhv 
ext.cnt from the botton) or lowed point of one eavit} , 
and aciofs the elevation, to the bottom of the ne.vt l i- 


vity, is the breadth of the Wave. 

Waves are confidered as of tw*Q kinds, which may 
dilUn-ffuiflied fpm one ano.tber. by the name§ol n?.- 
tutal and accidental. Waves, The natural ari; 

tliofe which arc rcgnlarly propoitioned in fize to the 
fl rejig th of .the wind which produces them. Ihesr- 
cidenul Waves. are thore/iccaficned by the wind's rr- 
a^^ing upon itfclf by reperculBon from hills or high 
Ihores, and by the dafliing of th^ .Waves ihemfebtS'? 
otherwife of ,ibe natural kind, .again rocks and 
/boals ; bjr whicli mcana thefe Waves’ acquir^J 
tion raueny^bove wd\at, , they can have in their natuial 

,Mr. Jloylc proved, by' ouinefous experiments, tnat 
tJve moft .violent wind never penetrafets deeper, than 0 
feet into the water ; and it feems a natural confequence 
of this, that the water moved by it can only be ckvafct 
tathc licigbl of 6 feet frotn tne level of the 

ui, a oalm ; and th^(e 6 feet of devation being added c 

tile* 6 of excavation,. m,tbe part \ 

ft) elevated waa falfcd, mould give 1 2 feet for the n rno.^ 
elevation of a’ Wa:ve. , a Z'j 

great hoiiowrtd itaambor; ^ many - 
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iWcrvatiwis h^Jurovcd that it is very nearly tnje in J 
tie«p fcas, the Waves are purely natural, and a 

have do accidenUl'caufes to render them larger than 
their juft proportion. 

It is not to bt tindci'ftood , however, thrtno Wave 
of the fea can rife more tl7an'6 feet above its natuul 
level in, open and cleen^ water; for Waves vallly hij. her 
than thefe are formed in violent tempefta in the great 
Teas. Thefe however* are not to be accounted Waves in / 
their natural (late, but as compound Waves fonned by 5 
the union of many others; for in tludc wide plains of tl 

water, when one Wave is raifed by the wind, ai,d f( 

would elevate iticlf*up to the cjcarid height of 6 feet, & 
and no more, the .motion of the water is fo great, and n 

the furccniun of Waves fo quick, that while this is v 

nling, it receives into it fcveral oilier Waves,, each of is 
which would have been at the fame height with itlelf ; ^ 

rheie luii into tlie liril Wave one after another, as it is ti 
iiling ; by which mcaiifi its rife is continued iniicli longer la 
than it iiatuially would have been, and it becomes ac- tl 

eiimulated to an enormous fi/e. -A inimbeTof ihefc ta 
complicattd Waves riling together, and Icing coniU 
nued in a long fueceluon by the continuation ot the tli 
lluim, make the Waves fo dniigeroiis to Ihips, wlueh w 
the failors in tlicir plirafe cull mountains high. m 

Diifeient Waves elo not difhirb one another when T 
they move in diffeicnt Jireitions. The realoii is, that of 
w'liatevcr figure the furtace of the w^ater has acquired by \y 
the motion of the Waves, thcic may in iliat be ancle- wi 
vation and dcprefUon ; as nlfo fuch a motion as is re- lei 
quired in the motion of a Wave. tli 

Waves' are often produced by the motion of a tremn- ^ 
luus body, whicli alfo expand themfelvcs ciicularly, 
tliough the body goes and returns in a riglit line ; f^or cq 
the water which is raifed by the agitauon, defeending, a 1 
forms a cavity, which is every where fui rounded with an 
aiifing. ^ 

The Motioti of tJji' WAVESy makes an article in tlie ly, 
Newtonian philofophy ; that author having explained 
their motions, and calculated tlieir velocity from ina* V/ 
ihemutical principles, limilar to the motion of a pen- phi 
dulum, and to the reciprocation of water in the two 
hgs of*a bent and inverted fyphon or tube. fuj 

His jpropofition concerning fuch canal or tube is the in 
44th or- the ad book of h is Principia, and is this : “ If rat 
".ater afeend and defeend alternately in the erefted legs the 
fjf a canal or pipe ; and a pcnduluin be conlirnClcd, iru 
v^liofe length between the point of fofpenfion and the ; 
centre of i>fcillation, is equal to half the length of the pro 
'vater in the canal ; then the water will afeend and de- pea 
keiid in the fame limes in which the pendulum ofcil* eitl 
Ifttes.’^ The author henc e infcis, in prop. 45, that the cCe 
vtlocity of .Waves is in the fubduplicatc ratio of their Fri 
l^feadths ; and in prop. 46, he proceeds “ I’o find the tho 
velocity of Waves,** as follows : “ Let a pendulum be' pco 
<^onflru^^cd, whofe length between the point of fnf- tin’ 


penfion and the centre of olcillatlon is equal ro the 
breadth of the Wayes ; and in the time that the pen- 
dulum will perform one fmgle ofcilhtion, the Waves 
advance fprward nearly a fpace equal to their 
breath. That tyhich I call the breadth of the Waves, 
Jsthe traijfv4r(e .tqdafurc lyiug between the deepeft part 
V the, qr h^^tvveen the to^e of the ridges. 


of water 

afcending and defending m fucceflivc Waves j alfo let 


A, C, E, be tlie tops of the Waves ; and B, D, F, 
&c, the inte.nietliafc holIo\»s*. Becaufc the motion of 
the Waves it, carried on by the fueccllivc afeent and de- 
Icentot the wMter, fo that the paitsof it, as A, C, L, 

which are highcll at onetime, become lowed im- 
medaardy after ; and bccaufe the motive force, by 
which ilio higbell parts defeend and the lowed afeend, 
13 the v\eight of the, elevated water, that alLernate ab 
cent and dclceiit will be analoguiiwto the reeipiocal mo- 
Uon of t!ic water in the ennal, and obleue the far** 
laws as to the times of its afcent and defcenl; and 
tliciefore (by prob. 44, above mentioned) if the dif- 
tances between tho h.glwfi .jdaces of the Wavt* 
A, t., L, imd tlic lowed B, L), F, be equal to twice 
thy length ol any pendulum, tlie highett paits A, C, b, 
wdl become tlic lowed m the time of one ofcill.uiui', 
and i.i the lime of another oleillatioii w ill afeend again. 
1 herefore between the [laffaj e of each Wave, the tin e 
of two ofi illations will intuvene; that is, the Wa\C 
tYill deferibe its breadth in llie time tliat the pendulum 
will ofcillate twice ; but a pendulum of 4 limes that 
length, and which ihtMcfoie is equal to the breadth of, 
the Waves, will jud ofcillaie once in that time. 

CoroL T. Therefore Waves, whofe breadth is 
equal to 39i inches, or 3^^ feet, will adx a nee l hrougli 
K IpaCe cqinl to their breadth in one fecond of time ; 
and therefore in mie minute tliev will im mv r 


and therefore in (wc minute they will go over a fpace of 
feet ; and in an hour a Ipaee of 1 1 737 feel, ikmi- 
I) , or 3 miles and almod a quarter. 

“ Carol. And tliC velocity of greater or If fs 
Waves, v\ill be augmented or diminiflkd m the lubdu- 
pheate ratio of their breadth. 

** rikfc things (Ne\vt()n add.s) arc true upon the 
fiippofition, that the paits of water afeend or defceTuI 
in a riglu line j but in fa<^, that afcent and delceni u 
rather performed in a circle ; and tlierefore I pr(7j/olr 
the time defined by this propofition afi only ntui iKe 
truth.** 

Still'wg means of (Jtl. This w<mdc.ful 

properly, though wt'll known to the A in lent s, :m ap- 
pears from the wntmgs of Fliny, was lor many ages 
either quite unnoticed, or treated as fabulous by luc,- 
cCeding plillofoplicrs. Of late it has, by means of lJr> 
Frankliu, again attra^cd the attention of»t)ie Irarptd' , 
though it appears, from fome anecdote#, that feafaring 
people have always Incn acquainted with it. In Mar- 
tin*s defeription of the. Weftern Ifiands of SdbtlaiiJ, W'c 
have the Ipllovving pafihge : “ I’iic lleward^of Ktlda,, 
who lives in Pabbay, is accnllomed, in time df a flor^, 
to lie a bundle of puddings, made of the fht df 
fpwl, to the end of jfis cable, and lets it fall into ^bo, 
fea behind his rudder. This,, he fays, himjeri’ the. 
Waves from breaking, aod caijma the lea.** .Mr. 
nant, in bis Bn’tilh.Zoobgy, tob undfntH^ftjcU 
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^1, uket R6tic^, that 

ing a very oily fiflii whi«H they alvTiafyl do lindcr vn^ty 
the Waves' above arc rcinaikably fmootji j a«d bf t^his 
mark, the filhcrmcn know where to find' thtrth. Sir 'Gil- 
bert Lawfon, who ferved long in (the army at Gibral- 
tar, affured Dr. Franklin, that the fifliermeu in that 
place aVe accuftomed t6 pour a little oil on the fca, in 
order to ftill its motion, that they may be enabled to fee 
the oyftcrs lying at its bottom,* Which arc there very 
large, and which they take up with a proper iiiftrnmcnt. 
A fimilar practice obtains among filhermen in various 
other parts, and, Dr. Franklin was informed by an old 
fea-ci^taln, that the fiflicrrten of Lifinnij when about 
to retum'into the liver, if they favv too great afwrfupon 
the bar, would empty a bottle oi* two of oil into the fca, 
which would fupprefs the breakers, and allow them to 
pafs freely. 

The Do£tor having revolved in hU mind all thefe 
pieces of information, became impatient to try the ck- 
periment himfelf. At laft having an opportunity of ob- 
ferving a Wge pond wery rough with the wind, he 
dropped a fmall quantity of oil upon it. But having 
at lirll applied it on the lee- fide, the oil was driven back 
again upon the (hore. He then went to the windward 
fide, and poured on about a tea*fpoon full of oil; this 
produced an inftant calm over a fpace feveral yards 
fipiare, which fpread amazingly, and extended itlelf 
giadually till it carac to the lee-fide ; making* all that 
quarter of the pond, perhaps half an aCre, as Imooth as 
glafs. This experiment was often repeated in different 
places, and always with fuccefs. Our author accounts 
fpr it in the following manner : 

** There feems to be no natural repidfion bctwfjcn 
water and air, to keep them from coming into contad 
with each other. Hence wc find a quantity of air in 
v/ater ; and If we extraifl it by means of the air pump, 
the fame water again expofed to the air will foon im- 
bibe an equal quantity.*.— Therefore air in motion, 
which is wind, in palfing over the fmooth furfacc of wa- 
ter, may rub as it were upon. that furface, and raife it 
into wrinkles; which, if the wind continues; arc the 
elements of future Waves. The fmallell Wave once 
raifed does not immediately fubfide and Ifeave the neigh- 
bouring water quiet j but in fubfwSinff raifes nearly as 
much of tlie water ncu to it, the fridtion of the parti 
making little difference. Thus a (lone dropped into a 
pool raifes firfiif fingle Wave round iifclf, and leaves* it, 
by finking to the bottom; but tliat firli Wave (ubfiding^ 
T^ifci a Rcond^jthc^fecond a. third, and fo on in cir- 
cles 10 a great extent.) . 

” A fmall power .coMmually operating, will produce 
a great aftion# , A finger applied to a weighty fuf* 
pended bell^ eaa at move it but little ; if repeatedly 
applied, though with no guater ftrength^ theraotiCA. 
incrcafcs till the bell (wfngi taiti wtmdft hei^t, and 
with a force that eaonotbe rejiftd by film whole flrength* 
of the arovand body; ; TbuB tbcHsm tifft raifed Waves 
being continually a£Wd tipo* l^the wind, arc,^ tboit^k 
the wind docs not inereafe in continually m- 

Oreafed in magnitude, rifing ht|^tnd extendtag ilitir 
bafes, fo as to irtcbide k vhft iitafA *of water in ,eidh 
Wavei which initsimHien tftb whh ' great vkdeQcti 
Bat ifttet be a mutaaltepuKottfimween thcpanidal 


df di!, and ffo mt 

<}TOp|Hfd'OIV-Vratc^r vrifi^tfot bebr^togdlWerby fidhefion 
to the fpot whet^edmit £klk ; it;vrill itotbe imbued by 
the water ; it will be at liberty to expand itfelf ; arid 
it will fpread on a forface that*, befidcs being fmooth 
to the moft perfodf degree of polifh, prevents, perhaps 
by repelling the od, ml immediate conta6l, keeping it 
at attiinute diftatice from itfetf ; Sind .the'expanfion will 
continue, till the mutttel rcpiiUion between the particks 
of the oil is weakened and reduced to nothing by their 
diftancc. 

“ Now I imagine that the wind blow*! ng over water 
thus covered with a film of oil cannot ealily catcii upon 
it, fo as to raife- the firfi wrinkles, but Aides over it, 
and leaves it fmooth as it finds it. It moves the oil a 
little indeed, \Vhich beftig between it and the water, 
ferves it ri) Aide with, and prevents fri£lion, as oil docs 
between thofe parts of a machine that would otherwife 
rub hard together. Hence the oil dropped on the 
windward fide of a pond proceeds gradually to leeward, 
as may be fecn by the fmoothnefs it carries with it quite 
to the oppofite fide. For the wind being thus prevented 
from railing the tirft wrinkles that 1 call the elements of 
Waves, cannot produce Waves, which arc to be made by 
continually adling upon and enlarging thofe elcment!»; 
and thus the whole pond is calmed. 

“ Totally therefore w’e, might fupprefs the Waves in 
any required place, if we could come at the windward 
place where they take their rife. This in the ocean 
can fcldom if ever be done. But perhaps fomething 
may be done on particular occafions to moderate the 
violence of the Waves when we are in the midft of them, 
and prevent their breaking when that would be incon- 
venient. For when the wind blows frefh, there aic 
continually rifing on the back of every great Wave a 
number of fmall ones, which roughen its furfacc, and 
give the wind hold, as it were, to puAi it with greater 
force. This hold is diminifhed by preventing the A'" 
neration of thofe fmall ones. And poffibly too, when 
a Wave’s furfacc is oiled, the wihd, in pafiing over 
if, may rather in fomc degree piefs It down, and con- 
tribute to prevent its rifiog again, inftead of promot- 
ing it. 

“ This, as mere conjeflure, would have little w’ciVht, 
if the apparent effeflts of pouring oil into the midu of 
Waves were not confiderable, and as yet not otherwife 
accounted for. 

When the wind blows fo frefh, w that the Waves 
are not fufficicntly quick in obeying its imp«lfc» 
tops being thinner and lighter, are pufhed forward, 
b^ken, and turned over in a ^itc foam. Common 
Waves lift a vcffcl without enterii^ it ; but thefe, when 
large, foihctimcs break abcvnt aiid pour ofer it, doing 
gp^eat damage. 

^ «‘^That this might in any,degi^be preventeO) 
or the bright and violence of Watea m the fo® mode* 
rated^ we Ltd no certain account j • 'Pliny’s authority fof 
the prafticc. of, fcamen in his time being 
difeourfing lately on fhisr fobjedt with ^ his excellency 
CUunt Bentinck of Holland, his fon the honoutable 
Captain Bentinck, and the Wned profoflbr AU^*^** 
(to all whdm 1 (hdwed the experiment ot^ fmoothing m 
a the krge 
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gve« |wk)>, wfeter-wM tfiestionwl which had been 
reMtbd by ^ Qmm from Bativiay relatiW to the 
fwngf rf a Dutch fliip, in it tforrft by pouring oil' into 
the fc«o^' ° 

WAY p//t i» fometfmei «Afd for her wake or 
track, more qc^monly the term is under flood of 
the courft 6r progrefa which fhc rtakw on the water 
under fan: t1vu8» when ihe begins her motion, fhe is 
(aid to be y vi^hcn that motion incrcafcs, fhc 

IS fold to hare through the water; when fhc 

goes apace, they fay /6<? has a good l^ay ; and the acw 
count of her rate of falling by the log, they call, hep^ 
tng an account af her tVay. And bccaofc mofl fhips arc 
apt to fall a little to the leeward of their true courfe ; it 
is cuflomary, in-cafting up the log-board, to allow 
fomethin^ for her leeward Way, or heway. Hence 
alfo a fhip is faid to have bead- Way, and Jhrn-lVay. 

WAYWiSER^ an fnllnimcnt for meafuring the 
road, or dillaiiec travelled; called* alfo Per am bulaw 
TOR, and Peoomiteic. See thefe two articles. 

Mr. Lovell Edgworth communicated to the Society 
of Arts, &c, an account of a Way-wifer of his inven- 
tion ; for which he obtained a filver medal. This ma- 
chine conlills of a nave, formed of two round flat pieces 
of wood, i inch thick and 9 inches in diameter. In 
each of the pieces there are cut eleven grooves, \ bf an 
inch wide, and | deep and when the two pieces are 
ferewed together, they enclofc eleven fpokes, . forming 
a wheel of fpokes, without a rim ; tho circumference 
of the wheel is exactly one pole ; and the inftrument 
may be ea% taken to pieces, and put up in a fmall com- 
pals. On each of the fpokes there is driven a fcrril, to 
prevent them from wearing out ;‘and in the centre of 
the nave, there is a fquate hole to receive an axle. Into 
this hole is inftwtcd an iron orbrafa rdd, which has the 
thread of a very fine ferew worked upon it from one 
end to the other ; upon this ferew hangs a nut which, 
as the rod turns round with the wheel,, advances to- 
w'ards the nave of the wheel or recedes from it. The 
nut docs this, bccaufc it is prevented from turning round 
with the axle, by having its centre of gravity placed at 
fornc dillancc below the rod, fo as always to hang per- 
pendicularly like a plummet, T wo fides of this ferew are 
hied away flat, and have figures engraved upon them, 
lofhew by llieprt^eflivc motion of the nut, how many 
circumvolutions of the w'hecl and its axle have been 
wade: on one fide the divilionsof miles, furlongs, and 
poles arc iuadire^l order, and on the other fide the fame 
divifions. are placed in a retrograde order. 

If the pcHon who ufei this machine places* it at his 
right hand fide, holding the axle loofcly in his hands, 
and walks ibiwardv the. wheel will revolve, and the nut 
^vance from, the extticmity^ of the rod towards the nave 
w the wheeL When two miles have been mcafiired, it 

havA come ^lofc to the wheel.. But to continue 
imp me^^uoFcment, hothirw more is ncceffary than to 
tkt^, wheel at the left band of the operator ; and 
^he nut he contiimes the courfe, recede from 

^Heallet^C|.|iU^ another fpace of two milcf is mea- 

It appears from .the chnftrudlioD of this mnehine, 
^kattit opesttei like otrenlar compaifta; and does not^ 
^mtkmtoJwhechWay^wifer, meaifore the fiirfiice 
and molehill, but pafles over moil of 


tile obf^ei It meets with, and meafures thS^chOrdl 

WEAIHER, denotes the flate or diTpofition of the 
atmolpherc, with regard to heat and cold, drought and 
raoiflure, ft.r or foul, wind, rain, hail, frofi; fnow, 
fog, &c^ hcc Atmospheri^Hail, Heat, Froit> 


1 here does not feem in att philofophy any thing ^6f 
niorc immediate concernment to us, than the Hate of 
the Weather ; as it is in, and by means of the atmo- 
fplierc, that ail plants are nonrilhed, ond all animal* 
ive and breathe ; and as any alterations in the denfity, 
heat, piinty, &c, of that, mull necclTarily be attend- 
cd with proportionable ones in the ll^te of thcle. 

The ^^cat, but regnbr altci-ations, a little- change 
ot Weather makes in many paits of inaniinarc matter^ 
cvei-y peifon knows, in the common inflance of hfirb- 
meteis, theimuractcrB, hygrometers^ d:c ; and it is 
owing partly to our inattention, and partly to our un- 
equal and intemperate courfe of life, that Wc alfo, like 
many other animals, do not fed as great' and as regular 
onea in the tubes, cliords, and fibres of our own bo- 
dies. 


To cflablifh a proper theory of the Weather, it 
would beneceflary tci hove legifters carefully kept in di- 
vers parts of the globe, for along Icrics ot ycaisj 
fronr‘\vhfnce wc might be enabled to determine the di- 
riOlions, br'^adth, and bounds of the winds', and of the 
weather they hiing with them ; vinth the correfpondtnce 
between the Weather of divers places, and the differ- 
em:c between one fort and another at the fame place. 
We might thus in time learn to foretell many great 
emergencies; as, extraordinary heats, raina^ frofts, 
droughts, dearths,, and even plagues, and otlier eprdo- 
micaidifcafcs, &c. 

It is however but very few, and partial regifter* or 
accounts of the Weather, that have been kept. The 
Royal Society, the French Acadtioy, and a few. par- 
ticular philolophers, have at limes kept fiich regiftert 
as their fancies have diftated, but at no time a regular 
and eoTTffpondcivt ferits in many different places, at the 
fame time, followed with particular comparifoua und' 
dedudllona from the whole, 6cc, The inofl of what ' 
has been done in this way, is as follows r The volumes 
of the Pliilofopbical Tfanfadiions irofti year to year ; 
the fame, for inllru^ions and examples pertaining* to 
the fiibjta, vol. 65, part 2, art. 16; Kmf. Bariholtii 
has obfervationi of the Weather for every di»y iti tbt 
year 1671 : Mr. W. Merle made the like at Oxford, . 
for 7 years'; 1 >!-. Plot did iha 'fameat the ftnuT nldte, 
for the year 1684 : Mr* Hilifcr, at Cape Cdrfe, 'forihc 
yearn 1686 and 1687: Mn Hunt Ad otbefa ^ 
Giefham College^ forthc7ears 1695 ' Iby6 : f Dr. 

Derbam at Upmuifter in bflTex, for the ^jtJars 16^1^, - 
1692, 1697^ i69a>! k^99, 1703,^ lyofi* i7iDj{ -Mr. 
TownUy, in LhlK»f&iTd; in 1699, 
ningbam, at Emin viviGbiRa^ fbi' years 14981 
f70O>'. 1701 1 Mr. Loekf^ at Oats ill' 

Dr. Schendizef, at Zurk'hv 1708 t tiad at 

Pifa, the fame year^ Pr6feflar>Tdahloi at^'Padu^ 
matryoyeara: Msi T. BArko^ »r Lyndon.* in^vRutfand,^ . 
foT'ttitDyvyeais in tke p 

feudal, aud Mr. Crofibwaite for Kcfwick|>in the years 
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1,78?,- 17ft.), 1790,1791, a79«,. ‘"4cc }. wd fevfral 
oihcr^. The regiller npw lccpti for many years, in 
the Pliilol. Tranf. coiitalna an account, two times 
every day, of the thermometer, barometer, hygro- 
meter, quantity of rain, dirc6:ion and ilrength or the 
wiiul, and appeal anoc of the atmofpijcre, as to fair, 
cloudy, foggy, rainy, Scc^ And if fimibr regifters 
were kepUn many other parts the globe, and prints 
ed in Inohdike piildt : Trarrf^iious, tht'y might readily 
be confultcd, and a proper ufc made of them, for 
citf'blifliing this fcience on the true bafia of experiment. 

Fiom many experiments, foine general ohfervations 
} ave been made, as follow; That baromctcrsg^aerallyrife 
aikI f ill togetlic^r, even at very dilhnt places, nnO a 
confequrnt conformity and fimilarity of Weather; but 
this is the more uuifovmly fo, as the places arc nearer 
together, as might he expected. That the vaiiationsof 
•the baiomcter ate greater, as the places arc nearer the 
pole; thus, forinlhmce, theracrciiry at l-ondon Ins a 
greater range by 2 or 3 lines than at Paris ; and at 
.Parle, a greater than at Zurich; ami at feme places 
mar the equator, there is fcarce any variation at all. 
'rhat'the ram in Switzerland and Italy is much greater 
in quantity, for the whole year, than in Effex ; and 
y‘-t the ml ns arc more frequent, or there are more ramy 
days, in Etlc.^, than at cither of thofc places. That 
cold contributes greatly to rain ; and this appaieiuly 
by condcnfing the iufpcndcd vapours, and fo making 
them defeend ; tliiis, very cold months, or fcafons, arc 
Ooinni'inly followed immediately by very rainy ones ; 
and cold lummers are always wet ones. That high 
ridges of mountains, as the Alps, and the fnowa with 
which they arc coveredi not only affed the nelghbour- 
)»ig places by the colds, rains, vapours, ike, which they 
produce ; but even dillant countries, as England, often 
paitakc of them' cired's, Sec a collation of ingeni- 
ime and meteorological obfcrvations and conje^fmes, 
by Dr. .Franklin, 111 his Ex])erimeius, &c, pa. 182, 
f:c. Alfo a Meteorological Kegiller kept at Mansfield 
Woodhojfc, from 1784 to 1794, Nottingham 1795, 
Svo; and Kii win’s ingenious papers on this fuhjce^f^in 
t'ic/rian^:uStl ins of the Irlfli Academy, vol. 5. Sec alfo 
the articles Evaioration, Rain, and Wind. 

Pro^H: files and OJfirvaiiofis, are as follow ; 

That a thick dark (ky, lading for fome time, without 
either fun or rain, always becomes firit fair,- and then 
foul, d. it changes to a fair clear Iky, before it turns 
to rai«. And thc^ reafon is obvious: the atmofpherc 
is ixiplcte with vapours which, though fufficlcnt to re- 
rtcilif wid ^intercept the fun’s rays Irom us, yet want 
ilenfity to defoend j and while the vapours continue in 
the farwe (iaic, the Weather will do fo too : acxordrng- 
>)♦, fuch Weather is commonly attended with moderate 
warmth, unci with httlc or no wind to dillurb the va* 
4)ours, and^a h^avy atmofpherc to fuftatn them; the 
barometer being commonly high ; hut when the cold 
apprc^ches, aiuf by coni^iiCwg the vapours drives 
them into cdouds or drops, tlicn way is made for 
t^c fun beum!»; till the fame^ vapours, by farther 
ftoridenhitioQ, be formed into rain, and fall down in 

That z change io the v'amtb pS ^ Weather ii. 
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followed by a dhan^c in the wind. Thuiy thmorther** 
ly and^ fouthcrly winds, though commonliy accountyd 
the cau/es of cold and warm Weather, afe really the 
efe^s of the cold or Warmth of the atmofpherc ; of 
which Dr. Derham affures us he had fo 'cnany cot * 
lirniAtions, that he makes no doubt of it, Tims, it 
is common to fee a warm fouthcrly wind fuddcnly 
changed to the north, by the fall of fnow or had ; oi 
to fee the wind, in a cold frofty morning, north,- whc\u 
the fun has well warmed the air, wheel towards ibe 
f«)uth ; and again turn northerly or eafterly in the cold 
evening'. 

Tliat mod vegetables expand tlieir flowers and down 
in funfliiny Weather: and towards the evening, and 
ngaind rain, clofe them again ; efpeelally at the begin, 
iiing of tfieir flowering, when their feeds art* tender 
aiui fenfiblc. This is vlfiblc enough in the dovi’n of 
Dandelion, and other downs; and eminently fo in the 
flowers of pimpernel; the opening and fluitting <)l 
which make what is callctl the couiUryman’i/ 
wjfer, by whirh he forctels the Weather ot the follow- 
ingdiy. The inle Is, when the flowers are clofe llmt 
up, it betokens ruin, and tend Weather; but when 
tliey aiefpread abroad, tail* Weather, 

The llalk of trefoil, loid llacon obfervet-, fwe'ls 
agnind rain, and grows more upriglit : and the life 
may be obferved, though Ufa feidibly, in the lUlkjot 
nioll other plants. He adds, that in the Hubble held.* 
there is found a fmnll led flower, called by llie e juntiy 
people pimpernel, which opening in a moiimig, li a 
lure indication ot a fine day. 

It is very conceivable that vegetables fhouldbc aCfeCl* 
cd by the fame caufes as the Weather, as they may be 
confidercd as fo many hygrometei-s and therrnomtteis, 
conlidingofan infinite number of trnchcK, orair-velTels ; 
by w'hicii they have an immediate communication with 
the ail, and partake of its nioiilurc, heat, kc, 

Hcuce it is, that all wood, even the harded and rimd 
folid, fwells in moid Weather ; tlie vapours cafily inii- 
lumting into the pores, efpecially of the lighici and 
drier kinds. And hence is derived a very extraordinary 
ufe of wood, viz, for breaking rocks or milfloncs. 
The method at the quairles i.s tins; Having cut a rock 
into the form of a cylinder, the workmen divide it into 
fevci'al thinner cylinders, of horizontal courfts, by 
making holes at proper dillances round the great one ; 
into thefe holes they drive pieces of fallow wood, dried 
in an oven ; thefe in moift Weather, imbibing the lui- 

midity from the air, fwcll, and afting like wcdgcstlu / 

break or cleave the rock into fcveral flat dunes. Auu, 
in like manner, to ft^arate large blocks of done in the 
quarry, they w'cdge fuch pieces of wood into holes, 
forming the block into tlie intended dtape, and then 
pour water upon the wedges, to produce the entx 
more immediately. ' . i zi, 

Wb arc indrumtuts contrited to jhew 

the Hate of the atmofphere, as to heijit, cold, 
weight, &c I and fo to mcafurc the .changes that uke 
place in thofe refpc<da.; by which; means we are ^ 
to prediA the alteration of Weather, ai'feo wuki» 
froth, 5 cc. ; . ' u ui 

Under the clafsof Weather glaSes, aine.compr«hepdeo 
barometers, thermometers, bygroimeUri^ 
MaacmonKU;i» . 
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WEDGE* in Geometry, is a folid having a rcdun- 
^lar bafe, and two of its oppo- , 
fite fides ending in .an acies or 
cJge. Thus, AB is the rrcUn- 
gular bafe ; and DC the edge ; a 
perpendicular CE, from the edge 
to the bafe, h the height of the 
Wedge. When the length of the 
edge. DC is equal to the Itngih 
of the hafe BF, which is the moll 
common form of it, the Wtd^e 
h equal to half a rc^fangular prifin 
of the fame bafe AB and height 
EC ; or it is then a whole trian- 
giiKir prlfm, having the triimgle 
BCG for its bafe, and AG or 
DC for its height. If the edge be more or lefs then 
AG, its folid content will he more or lefs. But, in 
all cafes of the Wedge, the tollowing is a gcneial rule 
for finding the content of it, vi/, 

To twice the length of the bafe add the length of 
the edge, multiply the fiim by the breadth of the bafe, 
and the product by the height of the Wedge; 
then J of the lull product will be the folid content. 

That is, 7 aS“i 3 c’ X AF x ^ EC ^ the con- 
tent. See this rule demonllrated, and illulliated 
with examples, in my Menfurati< n. p, 19 edition. 

Wedge, in Mechanics, one of the live mechanical 
powers, or fimple engints ; being a geometrical 
Wedge, or very acute triangular priim, applied to the 
fnlitrmg of wood, or rocks, or raifiug great weights. 

The Wedge is made of iron, or fome other haid 
matter, and applitd to the raifing of valV weights, or 
feparating large or very firm blocks of wood or Itonc, 
by introducing the thin edge of the Wedge, and driving 
it in by blows llruck upon the back by hammers or mal- 
lets. 

The Wedge is the mod pcwei'fiil of all the fimple 
machines, having an almoll unlimited and double ad- 
vantage over all the -other fimple mechanical pov^Tis ; 

both as it may be made vatUy thin, in proportion to its 
height i in which confifts its own natural power ; and 
as it is urged by the force of pcrciillion, or of fmart 
blow'S, which. is .a force incomparably greater than any 
mere dead weight or preffure, fuch as is emplo)cd 
upon other machines. And accordingly wc In.d it 
produces effcas vadly fuperior to thofe of any oilier 
iKJWct. whatever ; fuch as the fplitting and railing the 
lurgea and hardeft rocks ; or even the ra.fing and hlt- 
i.igthe largeft (hip, by driving a Wedge below it ; 
which a man can do by the blow of a ir allet : and thus 
the fmall blow of a hammer, on the back of a Wedge, 
appears .to b« incomparably greater than any n.cre 
pi tffiire, and will overcome it. 

To the Wedge may be referred all edge-tools, and 
tools that have a (harp point, in order to cut, cleave, 
mt, fph^, chop, pierce, bore, or the hkc j as kmves, 
hatchets, (words, bodkins, &c. 

Iiv .th'e Wedge, th« fWaion agamft the fidcs is 
Wy great,* at':\aft equal to the force to be over- 
come T becaufe the Wedge retains any polinon to 
fvKich itiVdriireiJ} and therefore the refiftancc is at 
leaft doowid hy the frt^ion. ^ , 

^ been of various opiawnr concewnog 


the principle from whence the Wedge derives its 
power# Ariftotle confidfrs it as two ICvcrs of the firft 
kind, inclined towards each other, and mfling Oppufuc 
ways. Guido Uhaldi, Metfenno, &c, will have them 
to be levels of the iVcond kind. But Dc Lanis Oitiys, 
that the Wedge cannot be reduced to any lever at -all. 
Others refer the Wedge to the inclined plane. And 
others again, with De Stair, wdl hardly allow the 
Wedge to have any fuiro at all in itfclf ; aferibing muth 
the giealcll part to (lie mallet which dtives it. 

'I he dovMi-inc of the fotce of the Wedge, aecerding 
to fonie \vi Iters, is <'ontaincd in this piopofillon ; “ If 
a power diieelly’applied to the head ot a Wedge, be to 
the refill ance to he overeome, as the breathh of the 
back GB, is to the height LC ; then the p<iwcr will 
he equal to the Kfiilancc ; aud if increalul, it will 
overcome It.’' 

But Defagulieis has piovedthat, when the rcfillance 
at^h pcipeiidiculuilv againil the fidcs of the VVedge, the 
power is to the whole nfiilance, as the thicknefs of the 
back is to the length of both the Tides taken together 
And the fame proportion is adopted by Wallis (Op. 
Math. \oK I, p. 1016), Keill (Inti, ad Vcr. Phyl ), 
Giavcfande (Elem. Math. Lib. i,e:q). f G» hyalimdl 
all llie mpdtrn mathcmaUci ins. Gi.oelandc indeed dil* 
tinguiihea the mode in which llic WV’dge a^ls, into two 
cafes, one in uluch the paits of ri block of wood, tVe, 
are feparaud failfKr than the edge iijs penetiatcd to, 
and llie other in which ii;ey have not feparared faithei : 
In Ilia Scholiom do JLigno findenJo (iihi fupia), lie oli- 
ferves, that when the parts of the wood are Itpaititccl 
before the Wedge, the (.quihhriuin will he when the 
force by which it is pufiud in, la to the rei'.uance of ’!ic 
wood, as tlic line DE diawn from 
tlic middle of the bafe to tire fide 
of the Wedge but perpendicular 
to the fi p.ir.'ted fide of the wood 
(ontimad i’G, is to the height of 
the Wedge DC ; hut when the 
parts of the wood are feparaied no 
farthei than the Wedge m <lriveri 
in, the equilibrium will he, when 
the povvci it. to the lelillanec, as 
the half bafe Alb AC. • 

Mr. f’cigufoM, in eilimating die 
propoiltoii ol tquilibninn in flic t\vo Cvifes lafl mention, 
td by G'lavcfande, agra's with tbisainhor, and oiIi«p 
modern philoloplu la, in the latter i ale ; hut in the 
former he coutcads, that wuen the wood tleives to 
any dillance Ijcfoie the Wc(<ge, as it gt nerally does, 
then the power impellmg the Wedge, will be to ll*c 
refinance of the wood, lialf its thicknefs, k» tO the 
length of either fide of tlw cleft, -cllimattd from tliTc 
top w adirg part of the Wedge ; for, fuppofmg the 
Wedge to be lengthened down to the bottom of the 
cleft, the power will be to the refiitance,* as half the 
thicknefi of the Wedge is to the length ^cither of 
irs fidesv Set Ferguforf*? Lcti, p. 40, UCy 4to. ‘Sec' alfo 
Defagu. Exp. Phih vul. I, p. 107 ; and Lmllam*-» Rffay 
on-' the Power of the Wedge, printed iit 1770; ^4c. 

.The generally acknowledged property of the Wedge, 
andlhcTimpleit vmyof demonfirating it, ieern to be 
the following : When a Wedge is kept in cquilihno, 
tlie agaiuft the hackiis txy llie forco adiing 

^ pr.cp<m* 
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Perpend irul fly againft cither fide, as the breadth of 
Ihc baejk AB, is to the length of the fide AC or BC. 
^Dtmonjira, For any three forces which futtain one 
another in cquilibrio, are as the correfponding fides of 
a/rlang!e'that are drawn perpendicular to the direftions 
irV which the forces But AB is perpendicular to 

the fierce a«f^lng on the back, to drive the Wedge for* 
v ai d } and the Tides AC and BC are perpendicular 
to the forces acting upon them j therefore the three 
forces arc as the faid lines AB, AC, BC. 

Hence, the tliinner a Wedge is, the greater is 
ns effed, in fpllttlng any body, or in overcoming any 
rditlanccagainil: the fide of the Wedge. 

WKDNliSDAY, the 4th day of the week, former- 
ly cor.fecratod by the inhabitants of the northern na- 
tions to Woden or Oden ; who, being reputed the 
author of^nagio and Inventor of all the arts, was thought 
to anfwcr lo the Mercury of the Greeks and Romans, 
in honour of whom the fame day was by them called 
^u':. M&rcuru ; and hence It is denoted by aftronomers 
by the charadcr of Mercury ^ . 

WEEK, a divifron of time that comprifes feven days. 

The origin of this divifion of Weeks, or of com- 
puting time by fevenths, is much controverted. It has 
often been thought to have taken itd rife from the 
tunr quarters or - intervals of the moon, between her 
changes of phafes, which, being about 7 days dillant, 
itave'occafion to the divifion « but others more pro- 
bably from the feven planets* 

Be this however as it may, the divifion is certainly 
very ancient. The Syrians, Egyptians, and moft of 
the oriental nations, appear to have ufed it from the 
earlieft ages : though it did not get footing in the weft 
till brought in by chriftianity. The Romans reejeoned 
their days not by fevenths, but by ninths ; and the 
ancient Greeks by dccads, or tenths; in imitation 
of which the new calendar feems to have 

been framed. 

The Jews divided their time^ by Weeks, of 7 days 
each, as preferibed by the law of Mofes ; in which they 
were appointed to work 6 days, and to red the 7th, in 
commemoration of the creation, which being effedfed 
ill 6 days, God reded on the 7th. 

Some authors will even have the ufe of Weeks, 
among the other calUrn nations, to have proceeded 
from the Jews % but with little appearance of proba- 
bility. It is with better reafon that others Aippofe 
.the ufe of Weeks, among the caftern nations, to be a 
remnant of the tradition of the creation, which they 
had dill retained wijth divers others ; or clfc from tfcc 
numl^r of the planets. r 1 t . 

The Jews denominated the days of the Week, the 
.firft, fccond, third, fourth, and fifth ; 4 ind the fixth 
day they named the preparation of the fabbatb, or ^th 
day, which anfweita to our Saturday. And the like 
method is ftW kept up by -the chriftian ArjiU, Pcrllans, 
Ethiopians, , 

The ^ ancient heathens droonwnatcd the days of 
the Week from the fiwen phmets j whith names aic 
illU moftly retained among the Aridians of the 
weft: thus, the ftrfiday was caUed ; 

tbc id daj f Ac ; S pniftioe the mpfe 

jiatural on Dion's pfinmple, that the Bgyptiw took 
the dififtttn o£lb«i Week itWf fiom the 
7 


In fa£^, the true reafon for thefe denommationi feems 
to be founded in ajdrology. For the aftroJogers dif- 
tributing the government and diredfion of all the hours in 
the Week among the feven planets,.!? 4 ^ © 9 D , 
fo as that the government of the firft hour of the lird 
day fell to Saturn, that of the fccond day to Jupiter, &c, 
they gave each day the name of the planet which, ac- 
cording to their dodlrine, prefided over the firft hour 
of it, and that according to the order above ftated. So 
that the order of the planets in the Week, bears little 
relation to that in which they follow in the heavens t 
the former being founded on an imaginary power each 
planet has, in its turn, on the firft hour of each day. 

Dion CafTuis gives another reafon for the denomina- 
tion, drawn from the celeftial harmony. For It being 
obferved, that the harmony of the diateffaron, which 
confifts in the ratio of 4 to 3, is of great force and 
effeft in mufic; it was judged meet to proceed dire 611 y 
from Saturn to the Sun ; becaufe, according to the 
old fyftem, there are three planets between Saturn and 
the Sun, and 4 fiom the Sun to the Moon. 

Our Saxon anceftors, before their converfion to 
Chriftianity, named the feven days of the Week from 
the Sun and Moon and fome of their deified heroes, (0 
whom they were peculiarly confccratcd, and repicleiii- 
ing the ancient gods or planets ; which names wc re- 
ceived and Hill retail! ! Thus, Sunday was devoted to the 
Sun; Monday to the Moon ; Tuefday to Tuifeo; . 
nefday to Woden ; Thurfday to Thor, the thunderci ; 
Friday to Friga or Fiiya or Fra^n, the wife of 'Hiur; 
and Saturday to Seatcr. And nearly according to this 
order, the modern aftronomers exprefs the days of the 
Week by the feven planets as below : 

O Sunday 
v[ Monday 
^ Tuefday 
^ Wednefday 
2^ Thuifday 
^ Friday 
^ Saturday. 

In the fame order and number alfo do tbefe obtait 
in the Hindoo days of the Week. Sec Krnderfley's 
Specimens of Hindoo Literature, juft publilhcd, 8to. 

WEIGH) Way, or We Y, a weight of chcefe, wool, 
Ac, containing 256 pounds avoirdupoii. Of corn, 
the Weigh contains 40 bufiicls ; of barley or malt, 6 
quarters. 

WEIGHT, Or Gnwify^ ki Phyfics, a quality ifl 
natural bodies, by which they ^nd downwards toward 
the centre of the earth. Sec Gravity, 

Weight, like gravity, may be diftinguifhed into al>- 
folulCi jpeej/ic, andre/a/iw. 

Newton demonftrates, i. That the Weights of all 
bodies, at equal diftanccs from the centre of the earth, 
are diredtiy proportional to the quantities of matter that 
each contains 1 Whence it folbws, that the Weights of 
bodies have no dependence on their ftiapes or textures ; 
and that all fpacci are not equally full ot matter. 

2 . On different parts of the earth^s fur&Ce, the Weight 
of the fame body is' different ; owiag to ihe ^heroKlal 
figuic of the ^arth, which caufes the body on the fur- 
not to be nearer the centre in gtdtig (ronhkhe equates 
toward the poteit and the iaor^c Tn ^ Wc^ht n 

■early 



to the yerfed fifte of double tlie la- 
titude;; ^ iWoh ii the fame thiW, to the fquare of 
the tight fine of thc.latnudc : the Weight at the equa- 
tor to that at the pole, being aa 229 to 250 ; or the 
whole increafe of Weight from the equator to the pole, 
is the 22.9th part of Ute former. . 

3. That the Weights of the fame body, at different 
diffances above the earth, are inverfely as the fquarcs 
of the .dittances from tlie centre. So that, a body at 
the diftance of the moon, which is 60 fcmidiamcters 
from the earth’s centre, would weigh only the 3600th 
part of w'hat it weighs at the eartli’s fiiiface. 

4. That at different dl fiances within the earth, or 
below the Turface, the vveiglits of the fame body are 
diredly as the dlftances from the earth’s centre : fo 
that, at half way toward the centre, a body would 
weigh but half as much, and at the very centre it would 
hp no Weight at all. 

5. A bod)^ immerfed in a fluid, which is fpecificnlly 
lighter than itfelf, lofes fo much of its Weight, as is 
equal to the Weight of a quantity of the fluid of the 
fame bull: with itfelf. Hence, a body lolcs moic of 
its weight ia a heavier fluid than in a lighter one ; and 
therefore it weighs more in a lighter fluid than in u 
heavier one. 

The Weight of a cubic foot of pure water, is 1000 
ounces, or 62^ pounds, avoirdupois. And the Weights 
of the cubic foot of other bodies, are as let down under 
the article Spenjic Gravitv. 

In the Philof, Tranf. (number 458, p. 457 5 cc) is 
^contained fonie account of the analogy between Englifh 
Wefghts and meafures, by Mr. 13 atdow. He ftates, 
that anciently the cubic foot of water was afl’umcd as 
a general ftandard for liquids. Hiis cubic foot, of 
62^ lb, multiplied by 32, gives 2Coo, the weight of a 
ton : and hence 8 cubic feet of waur made a hogflicad, 
and 4 hogfheads a tun^ or ton, iu capacity and deno- 
mination, as wellas Wciglit. 

mcafures were raffed on the fame model. A 
bufliel of wheat, afllimcd as a general flandard for all 
fbrtsofgrain, alfo weighed 62-^lb. Eight of thefe biiflrcis 
mal^e *4^quirteF,^ and 4 quarters, or 32 buihtis, a ton 
WergbU" ' Coals were ibid by, the chaldron,, fuppofed to 
weigh ittmj, or 2000 pounds^ though iu reality it weighs 
perhapa upwards x>f ^00 pounds. 

Hance a ton ftf Weight is the common ftanclttrd for 
liquids, wheat, and coals. Had this analogy been 
adhered to, the cornl’ufion noW complairted of would 
haw been avoidedW-It may rcafouably be fuppofed 
that corn and othet 'commodities, both dry andliquid, 
were firft: fi:^diby .Weight j and that meafures, for con- 
venience,' were afterwards introducedi as bearing fomc 
analogy.^li^hWV^ghtft before ufed* 

M<?t:hanics, denotes any thing 
moved by a machine j or any 
refiiU the motion to be pro- 

In all«fli9^ W# a natural and fixed ratio 

moving power ; and if 
they each other' in cquilibri ), and 

tbtfnthe pat in motion by any ocher tofce i 

always he reciprocally 4 * 

tiieir centres of^yltyj^ 

momenitims wHl be equal, that is, the jird# 
Vou IL 
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dnfl of the Weight multiplied by it. 'udocitf, wiH 
be equal to the product of the power multiplied br* 
Us velocity. ^ 

WriGHT, in Commerce, denotes a body ofa known 
^ '■‘‘gbt, appointed to he put into a balance againil 
^P! r whofc Weight is required tp be known, 

riiefe Weights arc iifually of lead, iron, orbrafs; thougll 
in fcyeral parts of the l^a(^ Indies common flints are ufed ; 
and in fome places a fort of little beans. 

^ The diverlity of Weights, in all nations, and at all 
times, makes one of the moft perplexing circumftancca 
in commerce, 5 cc. And it would be a very great 
convenience it all natious could agree upon a univerfal 
llandard, and fyflem, both of Weights and meafures. 

Weights may be diftinguilhed into ane'unt and r/ie- 
/At/;, fortiori and domjiic. 

Modern Weights, tjfcA in the fcvcrnl parts of Europe^ 
i and (he Le^vant, 

En^J't/h Weights. By the 27th chapter of Magna 
Charta, the Wciglits are to.be the fame all over Eng- 
land : but for dillcTeut commodities there are two dif- 
ferent forts, viz, troy UVight^ and averdupch tVdght, 

7 he origin from which both of thefe arc raifed, in 
the grain of wheal, gathcied in the middle of the ear ; 
32 oftlicfc, well dried,' made one pennyweight, 

20 pennyweights • - • - * one ounce, and 
12 ounces - -- -- -- - one pound tioy ; 
by Stat. 51 Hen, HI ; 31 Edw. I ; 12 Henry VII, 

A learned writer has (hewn that, by Ihe laws of 
alTize, from William the Conqueror to the reign of 
Henry VII, tlie legal pound Weight contained a 
pound of 12 oiiuccs, ralfcd fjom 32 giMiiis of wheat; 
and the lcg«d gallon meafure contained 8 ofthofc pounds 
of wheat, 8 gallons making the bii-fliel, and 8 bufhels 
the quarter. 

Henry VII. altered the old Englifh Weight, and ^ 
introduced the troy pound in its (lead, being 3 qiiaiters 
of an ounce only heavier ilun the old S^i^oii pound, or 
I- l6th heavier. 7 ’hc fn fi Tlatutc th'it dirc(^l 3 ' the ule 
of the aveidiipuis ^V'‘eight, isih.it of 2 \ Henry VJIl; 
and tfitf paiticular ufp to which tliis Weiglit is tiinn 
dirct^td, is fimi'iy for weighing huteher’s meat iti llic 
market ; tfiougli it Is now ufed for weighing all foiti 
of-eoarfe aud Jaigeatticlcs. l^iis pound contaftis 7000 
troy grains ; while tlie troy pound itfelf cuntaius only 
S700 graiijs, mid the old Saxon pound Weight but 
5400 graios Piidof. Tranf. voli 6j, art. 3. 

Henci^ there arc now in common life in England, 
two difliTcut Weights, viz, troy Weight, and avei- 
dtippis Weight, tlie former being cmplby^d in weigbing 
fuch fine articles as jewels, gold, nlvcrt flfk* liquors, 

; aiul tl^ lattcf for coai^ atid BeSvy Artfolea, a* 
b^cad, corn, ,fle(b, butler, chcjfc^,T 4 fiov^ 
iron, copper, tin/ Sre. and flfl^dfeery 
Ward fupp^fes that it way bi ought into 
circqmjlauce^ vfz, ft vva« ch fTortiary Ifftev^Wgcr 

Wef^t/^of* futb coarft'articIe?i, thiih tbiif' 
prefsTy pnjdined, and this^fle bbfenrcshajfpcti^fd bf^a 
bS^.more. A pdthV^^.irks tbeir' 4 ru|rf hy a^- 
duppis, WeigUt* but fney ^by- troy 

fbotigh iinder fgrfibi'fitte or name 


•4S 
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The tfoy nr tfone pbitnd Weight in Sctftland, Vhkh 
by ihitute k to be the fame a$ the Preach pound, is 
commonly fuppofed equal to 15^ £ngli(h troy ounces, 
or 7566 grains ; but W a mean of the ftandards kept 
by the dean of gild of Edinburgh, it weighs 7599^*6 or 
7^00 grains nearly. 

The following tables (hew the divifions of the troy 
and averdupols Weights. 

TaLIe of Troy Weighty as ufecly 

I, By the Goldfmiths, 

Grains Pennywt. 

24 = I dwi. 

Ounce 

480 = 20 = I 02. 

4 Pound 

5760 = 240 =12 = I lb. 

2. By the Apothecaries. 

Grains Scruples 

20 I 9 

Drams 

60 = 3=13 

Ounces 

480 = 24 = 8 = I 5 

Pound 

$760 = 288 =s 96 = 12 = lib. 

*Tab!d of Averdupols Weight » 

Drams Ounces 
16 = I 

Pouiuls 

256 r: 16 = I 

Quarters 

7168 rs 448 == 28 = 1 

HunJ. wt. 

28672 = 1792 = 112 = 4 =: I 

Ton 

575440 = 35840 = 2240 = 80 = 20 == I 

Mr. Fergufon (Le£^. on Mech.p. 100, 410) gives 
the following comparifon between troy and averdupois 
Weight. 

1 75 troy pounds arc equal to 144 averdup. pounds# 
175 troy ounces are equal to 192 averdup, ounces. 

I troy pound contains 5760 grains. 

I a'verdupois pound contains 7000 grains. 

I averdupols oypee contains 437^ grains# 

I averdupois dram contains 27 34375 grains, 

I troy pound contains 13 oz, I'oj 1428576 drams 
averdhpoia 

1 averdupi ^ contains ilb 2oz ii dwts i6gr troy 

The mongers, jewellers, have a particular 
alafs of Weights, for gold and precious (lones, viz, 
carat and^tfW} and for filver, the pennyweight and 
grain , ; The moneyers have alfo a peculiar fut^ivifion 
of the troy grain : thus, dividing 

the grain into 20 ihitcS 
the mite into 2^ /droits , 
thj droit in^^io , 

(he penot into 24 biauksi 


The dealers in Wool have likcwife a particular fet of 
Weights ; viz, the fack^ mtghy tod, Jloney and chve^ 
the propwtions of which arc as below ; viz, 
the fack containing 2 weighs 

the weigh • . - - tods 
the tod 2 ftoncs 

the ftone - - • - - 2 cloves 

the clove 7 pounds, 

Alfo 12 fades make a la(l or 4368 pounds# 
Farther, 

56 Ih of old hay, or 60 lb new hay, make a tnif;, 
40 lb of (h aw make a trufs. 

36 trufles make a load, of hay or draw. 

141b make a done. 

5 lb of glafs a done. 

French Weights. The common or Paris pound 
Weight, is to the Englllh troy pound, as 21 to 
16, and to the averdupois pound as 27 to 25; it 
therefore contains 7^60 troy grains; and it is diviJi.d 
into 16 ounces like tlie pound aveidupois, but moie 
particularly thus ; the pound into 2 marcs; the maic 
into 8 ounces ; the ounce into 8 grosy or drams ; the 
grofsordram into 3 dcnieis, Paris fcrupics or penny- 
weights; and the pennyweight into 24 grains; the 
gram being an equivalent to a grain of wheat. So 
that the Paris ounce contains 472-^ troy grains, and 
therefore it is to the Englifh troy ounce as 63 to 64, 
But in feveral of the French provinces, the pound is 
of other different Weights. A quintal is equal to ico 
pounds. 

The Weights above enumerated under the two 
articles of Engliih and French Weights, arc the fame 
as are ufed throughout the greateff part of Europe ; 
only under fomewhat different names, divifions, and 
proportions. And befides, particular nations have alio 
certain Weights peculiar to themfclves, of too little 
confcquence here to be enumerated. But to flu'w the 
proportion of thefe feveuil Weights to one another, 
there may be here added a rcdu6lion of the di\ei3 
pounds in ufe throughout Europe, by which the other 
Weights are eftimated, to one ftandard pound, viz, 
the pound of Amllerdam, Paris, and Bourdeaux ; as 
they were accurately calculated by M. Ricard, and 
publifhed in the new edition of hisTrait^ de Commeice, 
in iqtfi 


Proportion of the of the chief Cities in Europn 

to that of Amjkrdam* 


100 pounds of Amfterdam arc equal to 


loSlbsof AHcant 

105 

Antwerp 

120 

Archangel, or 


3 poedcs 

105 

Arfehot 

J20 

Avignon 

98 

Bafjf 

100 

Bayonne 

266 

Ber^mo 


Berg,, op Zoom 

95 ^ 

^111 

Bergen, Norw. 
Bern 

100 

BcfaD90U 


5 


lOolbsofBilboa 
105 Bois le Due 


Bologna 
Bourdeaux 
Bourg en Brcffc 
Bremen 
Breflaw 
Bnigei 
Bruffels 
Cadiz 
Cologne 
1074 Copeubap:# 

87 ConftantinopI^^ 
Weights 


JS* 

100 

104 

105 
105 
105 
105 
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Weights eantinued. 


pounds of Amftcrdam are fequal lo 


jijJlbsofpanUic 
joo Dort^ 

97 ^ Dublin 

97 Edinburgh 

143 Florence 

98 Fianckfort, fur 

Maine 

105 Gaunt 

89 Geneva 

16^4^ Genoa 

101 Hamburgh 

125 Komngfl)e»g 

joc Lcif^fK: 

106 Leyden 

143 Leghorn 

Liege 
ic6 Ijlfbon 

114 Lille 

109 l-ondon, aver- 

dijpois 
105 Louvain 

10^* Lubeck 

141 J Lucca 

n6 Lyons 

114 .Madrid 
10 j Malines 

123I Marfeilles 


i^4lbsof Mcffina 

168 

Milan 

120 

Montpelier 

125 

Mufeovy 

100 

Nantts 

100 

Nancy 

169 

Naples 

98 

Nuremberg 

100 

Paiia* 

I 12 | 

Revel 

109 

Riga 

ICO 

Rochel 

146 

Rome 

100 

Rotterdam 

96 

R«)ucn 

100 

S. MjIo ^ 

100 

S. Sv haft Ian 

158} 

Saragofa 

100 

Seville 

114 

Smyrna 

110 

Ste'in 

8t 

Stockholm 

1 18 

Tholoulc 

151 

Turin 

15 ^ 

Valencia 

1S2 

Venice. 


indent Weights. 

1. The Weights of the ancient Tev^’S) reduced , to 
Xhe Engliih troy Weights, will (landTas below : 


lb oz dwt gr 

Shekel - - - - o o 9 3 t 

Manch - -- - 2 3 6iof 

Talent - - - 113 10 i lof- 

2. Grecian and Roman Weights, reduced to En- 
troy Weight, are as in the following tabic; 


Lentes ^ * 

lb 

0 

tit dwt 

0 0 

fir 

Siliqu« ' - - - 

0 

0 

0 

3 V 

Obolus - - - - 

0 

O' 

0 

ov? 

Scriptulum - ' 

0 

0 

0 

ibA 

Drachma • - - 

0 

0 

2 

6 

Sextula., - - - - 

0 

0 

3 

0 ? 

SicilicUs' - - - 

0 

0 

4 


Duella 

0 

0 

6 

1 \ 

5 * 

tTricia 

0 

0 

18 

Libra - - - - - 

0 

IG 

18 

13 < 







R^uhiim «/* Weichti and Tl^if ijlt 

branch of the king’s prerogative. For tlic pijBlic jton* 
vcniencc, thefeoughttohe univerfallythefanae through-* 
out the nation, the better to reduce the prices of arti- 
cles to equivalent values. But as Weight and mcafurc 
arc things in their nature arbitrary and uncertain, it is 
ncccirary that they be reduced to fomc fixed rule oT 
ftandard. It is however impffible lo hx fuch a ftandard 
by any written law or oral proclamation ; as no perloft 
can, by words only, give to another an adequate idea 
of a pound Weight, or foot -rule. It is tliereforc ex- 
pedient to have rccouife to fome vifible, palpable, 
material llandard ; by forming a comparifon with wliigh, 
all Weights and meafui'es may be reduced to one uniform 
fi/c. Such a llandard was anciently keptat Wlncliefterj 
and we find in the laws of king Edgar, near a century 
hefoic the conqueft, an injunaion that that mcafure 
fliouldbe obfetved throughout the realm. 

Moll nations have regulated the llandard of meafurcl 
of lenglh ftom fomc parts of the human body ; as the 
palm, the hand, the fpan, the foot, tlic cubit, the ell 
i^ulna or aim), tire pace, and the fathom. But as thefe 
arc of dilTcrent dimenlions in men of different propor- 
tions, ancient hillorians inform u<, that a new llandard 
of length was fixed by our king Hem7 the firft \ who 
commanded that the ulna or ancient ell, which anfwcr* 
to the modern yard, Ihould be made of the exatl length 
of his own arm. 

A Aandard of long meafui-e being once gained, all 
others arc eafily derived from it ; thofe of greater 
length by multiplying that original llandard, thofe of 
lefs by dividing it. Thus, by the ftatutc called cm^ 
pr^ilh ulnarum et pertkaVumy 5^ yards make a perch | 
and the yard is fiibdividcd into 3 feet, and each foot 
into 12 inches ; which inches will be each of the length 
of 3 barley corns. But fome, 011 tire contrary, derive 
all mcafures, by compofition, from the barley corn. 

Superficial mcafures arc derived by fqiiaring thofe of 
length ; and meafurcs of capacity by cubing them. 

The ftandard of Weights was originally taken from 
grains or coma of wheat, whence our lowcft denomina- 
tion of Weights is ftill called a ; 33 of which ar« 
direAed, by the ftalute called compofitk mfnfiranitn, to 
compofe a pennyweight. 20 of which make an ounce, 
and 12 ounces a pound, &c. 

Under king Richard tlie firft it was ordained, that 
there ftiould he only one Weight and one nreafure 
throughout the nation, and that the cuftodv of the 
alfizc or ftandard of Wciglits and mcafures, Ihould be 
committed to certain pcrlons In every city and borough ; 
Irom whe«cc the ancient office of the king’s ulnager 
fi ems to have been derived. Theft: oiiginal ftandards 
vv ere called pondus regisy and menfura domii^i regisy and 
Arc direaed by a variety of fubfequent ftatuUs lo be 
kept in the exchequer chamber, by an officer called the 
cirri of markety except the wine gallon/ wWch Ji 
committed lo the city of London, aud kept m GwuL 

The xScoltilh ftandard« are diftributcd among the 
oldcft boroughs. The clwand h kept at Edinburgh, 
the pint at Stirling, the pound at Lanark, and the fulot 
at Linlithgow. . ^ 

The two priDcipal Weight* eftab(i(he<| m Great 
Britain, are troy Weight, a»t avoir4i^ Weight, 
4S a ' “ 
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M in^niloncd, Undtr Xht Iiea4x»f il^c^ former 

ma^ faHlier be added, t|fat ‘ 

A cai-al 19 a Weight of 4 grains j but when the term 
ja applied to gold, it denotes the d^rce of ftoeneCs. 
Any ^antityof gold is fuppoftd divided into a4 parts. 
Jf the whole mafs be pure gold, it Is faid to be 24 carats 
fine; If thpre he 25 parts of pure gold, and one part 
of alloy or hafe metal, it is fald to be 23 carats fine, 
and fo on, 

pure gold Is too foft to he, ufed for coin. The 
jlandard coin of this kingdom is 22 cai-ats fine. A 
pound of {landard gold is coined into 44^ guineas, 
and therefore every guinea fhoulJ weigh 5 dwts 9JJ 
grains. 

A pound of filvcr for coin contains n oz a dwts 
pure iilver, and 18 dwts alloy: and ftandard filvcr- 
plate, II ounces pure filvcr, with i ounce alloy. A 
pound of fiandard filver is coined into 62 (hillings ; 
and therefore the Weight of a (hilling (liould be 3 dwts 
20}; giains. 

Unherfal Slandard for Weights and M. iifures^ 

Plillofopl'iers, from their habits of generalizing, have 
often made fpecnlallons for forming a general llandard 
for Weights and meafures through the whole world. 
Thefc have been devifed chiefly of a plrilofophical na- 
ture, as bed adapted to univerlallty. After the in- 
vention of pendulurn clocks, it firft occurred that the 
length of a pendulum which fliould vibrate feconds, 
would be proper to be made a tlnlverfal (Undard for 
lengths whether it fhould be called a yard, or any 
thing clfe. But it was found, that It would be diflkult 
in praAicc, to meafure and determine the true length 
0/ fuch a pendulum, that Is the didance between the 
point of fuTpenfion and the point of ofcillation. Another 
caufc of inacciiraCiY was afterwards difeovered, when 
it was found that the fcconds pendulum was of dilFevent 
lengths in all the diderent latitudes, owing to the 
fpheroldal figure of the earth, which caufes that all 
places in difftrent latitudes are at different dilhinccs 
from the centre^ and confequcntly the pendulums arc 
ktftcd ppon by different forces of gravity, and therefore 
require to be of dllfetent lengths. In the latitude of 
jLondon thw is found to be 39^ inches.. 

. The K^ciety of Arts in London, among their many 
laudable and patriotic endeavours, offered a handfome 
premium for the difeoyery of a proper ftandard for 
Weighta and meafures. This brought them many 
yrivuTous expedients, as well as one which w’as an im- 
provement bn the method of the pendulum, by one 
mtton.. This confilted in mctifuring the difference of 
the lengths' of two pctiduhims of different times of 
vibration; wV^h coqld be performed more cafily^ and 
accurately tl\an that of the length of one fmgte pen- 
dulum. This method was pbt id practice, and fully 
explained and ifluff rated, by the late Mr.’WhiichurIt, 
in hfs' attempt to afeertain an Univcrfal Standard of 
‘ Wrights and Mcafures. Btit ftill the fame kind of 
inaccuracy of iTieafu)rc»ent &c, obtains In this way, 
as in the fingle petldulum, though io a fmatl^r de- 

' v; / . 

.Ancthcr method thtft lias 'bcdi *propofcd' for^^his 
yirpofr, is the fpacc that a heavy body falls freely 


throi^ in j febOq^ of time. But this Is an experj: 
pMiat more difftcult than the former to b^ made with 
ticcuracy; on wbloh acepunt, different perfonli will all 
make the fpacc fallen to he of different qoaotitics,. 
which woulqgive as many different ftandards of length,. 
Add to this, that the fpheroidal form of the earth here 
again introduces a diveifity in thcfpace, owing to the 
different diftances from the centre, and the confeqdent 
diverfity in the force of gravity by. which the body 
falls. This fpace has been found to be 193 inches, or 
16, j feet, in the latitude of Londoa^ but it will be 
a different quantity in other latitudes. 

Many other inferior expedients have alfo been pro- 
pofed fur the purpofe of univerfal inta(ures,and Weights; 
but there is another which now has the be(l profpoil 
of fuccefs, and Is at prefent under particular cxperl- 
ments, by the philofophers both of this and the French 
nation. 1‘his method i's by the meafure of the degree? 
of latitude ; which would give a large quantity, and. 
admit of more accurate mcafiiren, by lubdivifion, than 
what could be. obtained by beginning from a fmall 
qiuiniity, or meafure, and theticc to proceed increafing 
by niultiplfS. This meafure might be taken cither 
from the extent of the whole compafs of the earth, or 
of all the 360 degrees, or a medium degree among 
them all, or from the meafure of a degree in the 
medium latitude of 45 degrees. It wdll alfo be mod 
convenient to make the fubdivilions of this meafure, 
when found, to preccedidcclmally, or continually by 
loths, 

The univcrfal llandard for lengths being oni^e effa- 
bliflied, thofc of Weights, 6cc,. would caiily -follow. 
For inftance, a vcffel, of certain dimcnlions, being 
filled with diflilled water, or fome other homogeneuiu 
matter, the Weight of that may be confidered as a 
llandard for Weights. 

Weight of the Air,*Water, 5 cc. See thofe articled 
fcverallv. See alfo SpkcIfic Gr.wity. 

WERSY, a Ruffian^ meafure of length, equal to 
3500 EngUlh feet. 

WEST,, one of the cardinal poinU^of the horizon, 
or of the compafs, diametrically oppofue to the tail, 
or lying on the left hand when we face the north. Or 
Well is ftriftly the inferfeftion of the prime vcrtic4 
with the horizon, on that fide where the fun fets. 

West Windy is alfd cMled Zephyrusy and Favoniuu 

West J)iaL See Dial. 

WESl'ERN Jmplitudey Hoi hony Ocean » See the 
fevcral articles. 

WESITN-G, In Navigation, is the quantity of de- 
narture made good to the weftward from the meridiao. 

WEY. See Weigh, 

WHALE,, in Aftronomy, one of the conffcibtions. 
Sec Cetus. 

WHEEL, ia. Mechanics, 'a finapfe machine, con- 
fiding of a circular piece of wood,, metal, or other 
matter, that revolves on aw axis. This is otherwik 
called Wheel and /Ixlty or Axis iti Periirochioy as a 
mechanical pow:cr, being one ofjhe moft frequent and 
ufcful of any. In this capacity of dt, the Wheel is a 
• kind ofperpeXoal lever,. and^thCjaxjs another lefferone; 

. or the radius of tht Wheel and tha| 
confidcred as the longeraj^.(hot^r.tin^sbra Icvej-, the 

centre of the Wheel Jieing the fakfum ot 

** fufpes- 
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furpertiion. WbeoQP it is, that the power of this ma- 
ehiBC is eftimate^ by this rule, as the radius of the 
axis'is tQ. the radius of the Wheel or of the circumfe- 
rence^ fo is any given power, to the weight it will 
fuftain. 

Wheels, as wtU as their axes, are frequently dented, 
or cut into teeth, and are then of ufe upon innuineinble 
occafions; as in jacks, clocks, null-wdrk, 5cc; by which 
means they are capable of moving and acting on one 
another, and of being combined together to any extent ; 
the teeth either of the axis or circumfeience workiinr 
in thofc of other Wheels or axles ; and thus, by multN 
plying^ the power to any extent, an amazing great 
effect 15 produced. 

^to compute the p()^,\:er of n combi nation of Wheels ; 
the teeth of the axis of every VvTheel naing on tliofe in 
the circumference of the next following. Multiply 
conlinually together the radii of all the axes, as alio the 
radii of all the Wheels ; then it will be, as the foriner 
produfl is to the latter produdf, fo is a given power 
applied to the circumfeience, to the weight it can fuf* 
tnin. Tlius, for example, in a coiublnaiiou of five 
Wheels and axles, to find the x^-eight a man can fuftain, 
or raife, whofe force is equal to tyo pounds, the radii 
of the Wlieels being 30 inches, and thole of the axes 
3 inches. Here 3X3X3X3Xi = 243, 

and 30 X 30 X 30 X 30 X 30 = 24 3co )CO, 
therefore as 243 ; 24300000 :: 150 ; 15000000 lb, 
the weight he can fuftain, which is more than 6696 
tors weight. So prodigious is the increafe of power in 
a combination of Wheels! 

But it is to be obferved, that in this, as well ns every 
other mechanical engine, whatever is gained in power, 
is loll in time ; that is, the weight will move as mueh 
llowcr than the powder, as the force is incicafed or mul- 
tiplied, which in the example abisve is loooco times 
llower. 


Hence, having given any power, and the w^eight to 
be raifed, with the proportion between the Wheels and 
axles nectflary to that effert ; to find the number of 
the Wheels and axles. Or, having the number of the 
Wheels and axles given, to find the ratio of the radii 
of the Wheels and axles. Here, putting 

p sz the pow'cra^ing on the laft wheel, 
w =s the weight to be raifid, 
r = the radius of the axles, 

R = the radius of the wheels, 

« = the number of the wheels and axles; 


then, by the general proportion, as : U" ; : / : o; » 
therefore zr is a general theorem, from whence 
niay be found any one of tlicfe five letters or quantities, 
M'hcn the other four are given. Thus, to find n the 
number of Wheels v we have firll 




, then n =5 


log. 'U> — l og.,/ 
log. K — log. r 


And to find — the ratio of the Wheel to the axle j it is 

. r 


Whebl. ./■ a Clad, i^e, are, the crown wheel, 
.contnit wbie),' great wheel, fecond wheel, third wheel, 
wheel, «tc. 


Wheets af.Coacks, Caru, mw '>ns, t!fca WItTv 
refpccl to Wheels of enrriages, the foUowing particuba^ 
arc collecfled from the experiments and obfervatloi)* 
of Defaguliers, Bcighton, Camus, Fergyfon, Jacob, 
&c. 

1. The ufe of Wheels, in carriages, is twofold ; viz, 
that of dmiini^ing or more cafily overcoming^thc re* 
fiftance or fridiou from the carnage ; and that of more 
cafily overcoming obftacles in llic road. In the firll 
cafe the frujftion on the ground is transferred in fonvc 
degree fioin the outer fui face of the Wheel to its nave 
and axle ; and In the latter, they ferve cafily to raiCc 
the carriage over obftacles ant) stpcriiics met with on 
the roads. In both thtfe cafes, the height of the 
Wheel is of material confidcratlon, as the fpokes a^t 
as levers, the lop of an obftaclc Ixing the fulcrum,, 
their length enables tlic carriage more cdfily to lurmoiiuf 
them ; and the gt eater proportion of the Wheel to the 
axle ferves more ealily to diminiflt or to overcome the 
fridion of ihe axle. See Jacobs Ohlcrvatioiis on Wheel 
Carriages, p. 23 See, 

2. The Wheels Ihould be exadly round ; and the 
fellies at riglit angles to the na\es, aecoiding to the 
inclination ejf the l^pokes, 

3. It is the molt general opinion, that the fpokes 
be fomewhat inclined to the naves, fo lliat the Wheels 
may be dllhing or concave. Indeed if the Wheels 
wcie always to roll upon fmorgh and level ground, it 
would be beft to make the fpokes perpendicular to the 
naves, or to tlie axles ; btcaufc they would tlren bear 
the weight of the load peipendieulaily. But becaufo 
the ground is commonly uutNt ii, one Wheel often falh; 
into a cavity or lut, when tlie other dots not, and tl CQ 
it bears much more of the ueight than the other does ; 
in w'hich cafe it is beft fur the Wheels to be diftied, 
becaufe the fpokes l/ecomc perpendicular in the rut, 
and therefore have the greateft ftrength when the 
obliquity of the road tliiows moll of the weight 
upon them ; wliilft thole on the high ground have iefs 
weight to bear, and ihercfote need not be at their full- 
fticngth, 

4. The axles of the Wlicels fiiould be quite ftrnigliT,. 
and perpendicular to the fliafls, or to the pole. When, 
the axles are ftraight, the rims of the Wliecls will bc 
parallel to each other, in which cafe they will move the 
eafieft, becaufe they will be at liberty to proceed flraight 
forwaids. But in the ufual way of pradice, the ends 
of the axles aic bent downwards; which always keepB- 
the fidcs of the Wheels that are next the'gfo'J^'d netirer 
to one another than their upper Tides arc; and this nof 
only makes the Wheels drag Tideways as they go along,, 
and gives the load a much greater power of cruftiing 
them than when they are parallel to each otlier, but 
alfo endangers the overturning the carriage when a- 
Wheel falls into a hole or rut, or when the carriage 
goes on a road tliat has one fide lower than the oth^rr, 
as along the fide of a hill. Mr.. Bcighton Jiowcver has 
offered fcvcral rcafonato prove that the ax 4 c 8 of Whcc^lo 
ought not to be ftraight ; for which fcO Uaftigulicri'B 
Bxp. Phil, vol 2, Appendix. 

5. Large Wheels arc found more advantageons for 
roHiog than fmalloncs, both with regard to their power 
as a longer lever, and to the degree of frlilton, and 
to the advantage 10 getting over )u>kS|^ rub^, and < 
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tkones, 8fC. If we cpnfider 'UTiceh with regard to 
the frii^ioR upon their axle^. It evident that fmall 
V(^he<d^, by turning oftener round, and fwifter about 
the axU‘8, than large ones, miift have much more fric- 
tion. Again, if we conGder Wheels as they' fink into 
holes or foft caj'th, the large Wheels, by finking Icfs, 
mull bi much eaficr drawn out of them, as well 
as mote eafily Over ft ones and obftacles, from 
their greater length of kver or fpokes. Defaguliers 
has brought this matter to a mathematical calciuation, 
'in his Kxperlm. Pliilof. vol. i, p, jyi, &c. See alfo 
JiiCi»h’s Obferv. p. 63. 

From hence it appears then, that Wheels arc the 
more advantageous as they are larger, provided they 
are not more than 5 or 6 feet diameter; lor when they 
exceed ihcfc dimenllons, they become too heavy ; or if 
they are made light, their llrength is proport ionably 
diminiflicd, and the length of the fpokes rendeis them 
more liable to break : bolides, horfes applied to fuch 
Wheels would not be capable of exerting their utmoft: 
11 length, by having the axles higher than their 
biealts, fo that they would draw downwards; which 
is evtii a greater difadvantage than fmall Wiicels have 
in occalioning the horfoR to diaw upwards. 

6. Carriages with 4 Wheels, as waggonsor coaches, 
arc much moic advantageous than caniages with 2 
Wheels, as caits and chaifes ; for with 2 wheels 
it is plain the tiller horfe carries part of the weight, 
in one way or other : in going down hill, the weight 
bears upon the horfe ; and in going up hill, the 
weight falls the other way, and lifts the horfe, which 
is ftill worfe. Befides, as the Wheels fink into the 
holes in the roads, fometimes on one fide, fomelimts 
on the others the ftialts llrike againll the tiller^s fidcs, 
which deftroys many hotfes: moreover, when one of 
the Wheels links into a hole or rut, half the weight 
falls that w'ay, which endangers the overturning of 
the cairiage. 

7. It would be much more advantageous to make 
the 4 Wlkcls of a coach or waggon large, and nearly 
of a hciglit, than to make the fore Wheels of only 
half the diameter of the hind Wheels, as is ufual in 
many places. The forc^ Wheels have commonly been 
made of a kfs fizc than the hind ones, both on account 
of turning fliori, and to avoid culling the braces. 
Ciane-necKs have alfo been invented for turning yet 
fiioricr, and the fore Wheels have been lowered, fo 
as to go quite under the bend of the cranc-n.eck. 

It is held, that it is a great difadvantage in fmall 
Wheels, that ns their axle is below the bow of the 
liorfes breafle, the horfes not only have the loaded car- 
nage to draw along, but alfo part of its weight to bear, 
which tires them foon, and makes them grow much 
lliifer in their hams, than they would be if they drew 
on a level with file fore axle* 

But Mr. Beighton difpuies the propriety of fixing 
the line of Ua^tion on a level with the breaft of a 
liarfe, and fays it is contrary to reafon and experience. 
Horfes, ^gjays, have little or no power to dri^w but 
what they derwe from their wciglu ; without which 
they could noTtake hold of tJie ground, and then they 
mull flip, and draw nothing. Common experience aflo 
teaches, that a horfe muU nave a certain weight on his 
Back or fhoulders, that he may dn^v^ the better, A^id 


when a horfe draws hard, it Is obferved that he bends 
fohvard, and brings his breaft; near the ground • and 
then if the Wheels are high, he is pulling the carriage 
againft the ground. A horfe tackled in a waggon will 
draw two or three ton, becaufe the point or line of 
traaion is below his breaft, by the lownefs of the 
Wheels. It is alfo common to fee, w'hen one horfe is 
drawing a heavy load, efpccially up hill, his fore feet 
will rile pom the ground ; in which cafe it is ufual to 
add a weight on his back, to keep his fore part down, 
by apcrfoii mounting on his back or ftiouldcis, which 
will enable him to draw that load, which lie could not 
move before. The greateft: ftrefs, or main bufinefs of 
drawing, fays this ingenious writer, is to overcome 
obftacles; for on level plains the drawing is but little, 
and then the horfe’s back need be piefild but W'ith I 
fmall weight. 

8. The utility of broad Wheels, in amending and 
pieferving the roads, has been fo long and gciieially 
acknowledged, as to have occafioned tile legi(]atute to 
enforce llicir life. At the fame lime, the piopnctoir. 
and diiveis of carriages lecm to be convinced by expc 
ricnce, that a narrow^-whceled caniage is moie caiily 
and fpccdily drawn by the fatne number of horfes, thai! 
a broad -w'hcelcd one of the fame burthen ; probably be- 
caiifc they are much lighter, and have Icfs fiidlion on 
the axle. 

On the fubjeft of this article, fee Jacob’s Obfetv. 
&c. on Wheel-Cairiagcs, 1773, p. 81. Dcfagol. 
Kxper. Phil. yol. 1, p. 201. Fergufon’s Led. 410, 
p. 56. Maitin’s Phil. Biit. vol. j, p. 22^. 

BhmngWHEE.Lt is a machine contrived by Defa- 
gulicrs, fur drawing the foul air out of any place, or 
for forcing in frefh, or doing botii fuccefiivciv, without 
opening doors or w-indows. Sec Philof. 'J'lauf. imm- 
ber 437* The intention of this machine is the fame, 
as that of Hales’s ventilator, but not fo e/hcftual, nor 
fo convenient. Sec Defag. Lxptr. Philof. vol. 

P- 5 ^ 3 » 5 ^^*' — This IVhcel is alio called a uhiiiju^ 
gal IVhet'lt becauie it drives the air with a ceiiiiifuj ai 
force. 

Wheel, of a Mill, that which receives the 
impulfe of the ftream by means of ladlc-boartls or float- 
boards.^ M. Parent, of the Academy of Sciencts, has 
determined that the greateft cftc6t of an midcrfhot 
Wheel, is when its velocity is equal to the 3d pait of 
the velocity of the water that drives it ; hut it ought 
to be the half of that velocity, as is fully fhewn in the 
article Mill, pa. Jii, In fixing an underfliot Wheel, 
It ought to be confidered whether the water can rim 
clear off, fo as to caulc no back-water to flop its mo- 
tion. Concerning this article, fee Defagul. Exp. 
Philof. vol. 2, p, 422, Alfo a variety of experiment 
and obfervations relating to underftiot and overjhot 
Wheels, by Mr. Smeaton, in the Philof. Tianf. 
vol. 5,1, p. ICO. 

Anjloth's Wheel.' See Rota Artfiotclka. 

Meajunng Wheel. See Pf^RAM^ULATOx. 

Wheel. See Orffyrbus. 

PerJ^anWHtLL, Sec Persian. 

WHEEL-/^<jfrcm^/er, See Barometer, 
WHIRL-POOL* an eddy, 
the water, is contiwially tttrning rpnml* 
WHlRLINQ-TAfiLEi macblRC for 
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rcprefcinting federal phenomena in philofophy, and na- 
turc I as, the t)rinclpal laws of gravitation, and of the 
planetary motions in curvilinear orbits. 

* The 6gure of this inlhuaicnt is exhibited fig. i, 
pi 5? J vrherc A A is a ftrong frame of wood j fl a 
winch fixed on the axis C of the wheel D, round which 
is the catgut firing F, which alfo goes round tlic fmall 
wheels G and K, crofling between them and the great 
wheel D. On the upper end of tlie axis of the wiicel 
G, above the frame, is fixed the round board to 
which may be occafionally fixed the bearer MSX. On 
the axis of the wheel H is fixed the hearer NTZ, and 
when the winch B is turned, the wheels and bearers 

put into a Whirling motion. Each bearer has two 
wires W,X, and Y, Z, fixed and fcicwed tiglit into 
til. m at the ends hy nuts on tlicoutfide ; and when the 
tints are unferew^d, tlie wiicj may be drawn out in 
order to change tlie balls U, V, whicli Hide upon the 
wires by means ol brals loops ilx\.d in‘o the balls, aiul 
preventing their touching the wood below lluin. 
Through each ball there p^dUsa lill hue, which is 
fixed to it at any length bom the centre of the 
bearer to its end, by a nutdeicw at the top of the 
ball ; the fiiank of the forew going into the centre of 
the ball, and preffing the line again It the under fide of 
the whoje which it goes through, nic hue goes fiotu 
tlic hall, and under a fmall pulley fixed n the middle 
of the bearer ; then up thiough a focLi t in the round 
plate (S and T) in the middle of each hearer; then 
through a (lit in the middle of the fqnare top 
(CJ and P) of -each tower, and going over a Imall 
pulley on the top comes down again the fame way, and 
is nt lafi faficned to the upper end of the locket fixed 
in the middle of the round plate above mentioned. 
Each of thefe plates S and T Ins ^our round liolcs 
near their edges, by which they Hide up and down upon 
the wires which make the corner of each lowcr.^ 1 he 
halls and plates being thus conne^led, each by its par- 
ticular line, it is plain that if the balls he drawn out- 
\\aid, or towards the end M and N 
<pedi\e bearers, tlic round plates S and 1 wiU be 
drawn up to tlie top of their refpeifive towers O 

and P. . , r f .. 

There are fcvcral brafs weights, fomc of two, 
fomc of three, and others of four ounces to be oc* 
cafionally put within the towers O and 1 , upon t le 
round plates S and T : each weight having a round 
hole in the middle of it, for going upon the foexets 
or axes of the plates, and being Hit trom the edge to 
the liolc, that it may Hip over the line which comes 
burn each ball to its relpe^ive plate. 

Forafpccimen of the experiments which may be 
m.idc with this machine, may be fubjomed the to ow- 


’*1’. Removing the bearer MX, put the loop of the 
line h to whi^ the ivory ball a is faficned over 
pin in the centre of the board f/, and turn the win 
fi; and the ball will not immediately begin to move 
^•itU the board, but, on account of its maaivity, en- 
deavour to remain in its ftate of reft. But w len 

bill has acquired the fame velocity with the boar , 

''III remain upon the fame part of the board, lavi l 
^ dative motion upon it. However, if the board be 
i-iddenly ftopped, the baU will contmue to revolve upon 


it, until the frlflion thereof (lops its motion : fo tliat 
matter refifts every change of ftate, from that of reft 
to that of motion, and vice verfn, 

a. Put a longer cord to this ball ; let it dowm througli 
the hollow axis of the bearer MX and wheel G, and 
fix a weight to the end of the coid below the machine ; 
and this weight, if left at liberty, will draw the ball 
from the edge of the Whiiling board to its centre. 
Draw oft* the ball a little from the centre, jind turn 
the winch ; then the ball will go round and round 
with the board, and gradually fly faithcr from the 
centre, railing up the weight bdilow the machine. And 
thus it appeals that nil bodies, revolving in ciiths 
have a ttuidency to fly off from ihofe circles, and innlf 
be retained in them by fome power piocecding fioinor 
tending to the centre of motion. Stop the tnae'iim, 
and the ball will continue toievolve for loine tune iipmi 
tlicboaid; hut as thefildlion gtadiially flops its inc- 
iion, the weight arting upon It will bilng it neater ..nd 
nearer to the centre in eveiy revolution, till it brings It 
quite thither. Hence it appears, that if the phr.iei 4 
met with any refiftance iii^ going round the fiia, its 
attractive power would biingtliema nearer and ne ii'er 
to it in every revolution, till they would fall into it. 

3. Take hold of the cord bilow the machine witli 
one hand, and with the other throw the ball upon the 
round board as it were at right angles to the cord, and 
it will revtflve upon the boaid. Then, obfervliig the 
\elocity of its motion, pull the cord below the machine, 
and thus bring the ball neaicr the rentie of the board, 
and the bull will be feen to revolve with an increafmg 
velocity, as it approaches the centie : and tlius the 
planets which are ntarell the fun peifoim quicker revo- 
lutions than thofe wlileli are nunc remote, and move 
with greater velocity in every pait of, iluir rcrpvclivc 


4. Remove the hall a, and apply the bearer MX, 
whoCc centre of motion is in its middle at -zt', dircHIy 
over the rentre of t!ie Whiilmg hoard Then put 
txvo balls (V ami U) of equal weight upon then bear- 
iu r wires, ami having fixed them at equal dill mecs 
rr(7m their refpedtive centres of motion and n upon 
their filk colds, hy the ferew nuts, j/ut equal v/cight^ 
in the towers G and P. Lafily, pnt t).e catgut f rings 
E and F upon the grooves G and H of tl.u fmad wheus, 
which, being of equal diameters, will givi equal veloci- 
ties to the bc.arcrs above, when the winch B is turned ; 
and the balls U and V will fly oft tovyard M and N. 
and raife the weights in the towers at the fame mflanl. 
Tliis (hews, that when bodies ot equal quantitiis ot 
matter revolve in equal circles with equal velocities, 

their centrifugal forces are equal. , tv cr 

c Take away thefe ecjual balls, and pnt^ ball of 6 
nances into the bearer MX, at a 6th pa.t of tlic dif- 
tance from the centie, and put a ball o one ounce 
into the oppofite hearer, at the wliol.* diflaiue 
X, = lUJi i and fix the balls at tln-fo ddlanc^s 
cords, by the ferew nuts at the top : then the t) 31 ! U, 
which is 6 times as heavy as the b.p.\, will be at 
only a 6th part of the diftance from its centre of mo- 
tion ; and confequcntly will revolve m a circle of only a 
6th part of the circumference of the circle in wliiclr 
V revolves. Let equal weights be put into the toweis, 
and the winch be turned ; winch (as the catgut llnng 
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w on caudl wheels below* will caufc the balls to revolve 
in equal times : but V will move 6 times as faft-as U, 
becanfe it revolves in a circle of 6 times its radius, and 
both the weights in the tow'ers will rife at once. Hence 
Jt appears, that the centrifugal forces of revolving 
bodiis are in clircA proportion to their quantities of 
mutter multiplied into their refpeAive velocities, or 
into their dlllance froin the centres of their refpcAive 
ciicle^. ^ 

11 tIuTe two balls be fixed at equal diftances from 
thiir lofpeAiNe ccntre|i of motion, they will move 
with equal velocities ; and if the tower O has 6 times 
as much weight put into it as the tower P has, the balls 
will raife tlicir weights cxnAly at the fame moment : 
i. e. the ball U, being 6 times as heavy as the ball V, 
bus 6 times as much centrifugal force in deferibing an 
equal circle with an equal velocity. 

Let two balls, U and V, of equal weights, 
be fixed on their cords at equal diilanc^s from 
tlieir refpeAive centres of motion nu and .v; and let the 
catgut firing E bo put round the wdreel K (whofe cir-' 
1^1111^01100 is only half that of the wheel H or G) and 
over the pulley s to keep it tight, and let 4 times as 
much weight be put into the tower P as in the tower 
0 . '^I’licn turn the winch B, and the ball V will re- 
volve twice as fift as the ball U in a circle of the fame 
diameter, bccaufe they are cquidiftant from the centres 
of the ciiTles In which they revolve j and the weights 
in the towers will both rife at the fame inftant ; wdiich 
fiicws that a double velocity in the fame circle will ex- 
aAly balance a quadruple power of attraAion in the 
centre of the circle : for the weights in the towers may 
be confidercd as the attraAivc forces in the centres, aA- 
ing upon the i*evolvirig balls; which moving in equal 
circles, are as if they both moved in the fame circle. 
Whence it appears that, if bodies of equal w'elghts 
revolve in equal circles with unequal velocities, their 
centrifugal forces are as the fquarea of the velocities, 

7. The catgut firing remaining as before, let the 
■dillancc of the ball V fr-om tire centre .r be equal to 2 
of the divifions on its bearer ; and the dlfiance of the 
ball 1.1 from the cemtre <iu be 3 and a 6th part ; the 
balls llremfclves being equally heavy, and V making 
two revolutions by turning the winch, wliilft U makes 
one ; fo that if we fuppofe the ball V to revolve in one 
moment, tlic ball U will revv^lve in 2 moments, the 
fquarts of which arc I and 4 ; therefor-e, the fquare of 
the period of V Is contawied 4 times in tire fquare of the 
period of U. But the difiance of V is 2, the cube 
of which is 8 , and the dillancc of U is 3L the cube 
of w’h'ch is 32 very nearly, in which 8 is contained 
4 times ; and therefore, the fquarcs of the periods V 
and U ar e to one another as the cubes of their difiances 
from X and w, the centres of their refpeAIve circles. 
And if th^ welglu in the tower () be 4 ounces, or 
tcpiulto the fquar e of 2, which is the difiance of V 
irom«eW'ccntic .r ; and the weight in the tower P be 
10 ounceSj nearly equal to the fquare of 3L the dif- 
tance of U from w ; it will he found upon turning the 
madiine by the winch, that the balls U and V will raife 
ihcir r*cfpcilive weights at very nearly the fame inftan^, 
of lime. Tin’s experiment confirms the famous propo- 
fuion of Kepler, vi?,, that the fquares of the periodi- 
cal times of the planets round the fun arc in propor- 


tion as the cubes of their dIfiances from him ; and that 
the fun's attraAIon is inverfcly as the fquare of the dif- 
tance from his centre.^ 

8. Tate off the firing E from the wheels D and H, 
and let the firing F remain upon the wheels D and G ; 
take aw’ay alfo the beai*er MX from the Whirling, 
board and infiead of it put on the machine AB 
(fig. 2), fixing it to the centre of the board by llic 

ins c and fo that the end ef may rife above the 
oai'd to an angle of 30 or 40 degrees. On the upper 
part of this machine, there are twoglafs tubes aand 
clufe ftopped at both ends, each tube being about three 
quarters full of water. In the tube <i is a little quick- 
filvcr, which naturally falls down to the end a in the 
water ; and in the tube h is a fmall cork, floating on 
the top of the water, and fmall enough to rife or fall 
in the tube. While the board h with this machine 
upon it continues at ilH, the quickfilver lies at the 
bottom of the tube a, and the cork floats on the water 
near the top of the lube k But, upon turning tl.c 
w’itich and moving the machine, the contents of each 
tube fly off towards the uppermoll ends, whicli ate 
fartliefi from the centre of motion ; the heaviefi with 
the greatefi force. Confcqucntly, the quickfilver in 
the tube <1 will fly off quite to the end/, occupying 
its bulk of fpacc, and excluding the water, tfhich is 
lighter than itfelf : but the water in the tube fl)ing 
oft’ to its higher end r, will exclude the cork frt in 
that place, and caufe it to defeenef toward the IowlII 
end of the tube; for the heavier body, having the 
-greater centrifugal force, will poffefs the upper part A 
the tube, and the lighter body will keep between the 
heavier and the lower part. 

This experiment demonfirates the abfurdlty of tl. ’ 
Cartefian doArlne of vortices; fcir,* if a planet hr 
more denfe or heavy tlian its bulk of the voiicx, it 
will fly off In it farther and far-thcr* from the fun ; A 
Icfs denfe, It will comedown to the lowcfi part of Am 
vortex, at the fun ; and the whole vortex itfdf, unkli 
prevented by foiue obllacle, would fly quite off, tc;- 
gether with the planets. 

9. If a body be fo placed upon the Whlrllng-boutd 
of the machine (fig. i.) that the centre of graviiy ol 
the body be diieAly over the centre of the board, aid 
the board be moved ever fo rapidly by the winch B, ife 
body will turn round with the board, wltlrout remov- 
ing from its middle ; for, as all parts of the body atc 
in equilibrio round its centre of gravity, and the ceiitie 
of gravity is at reft In the cenUe of motion, the cen- 
trifugal force of all parts of the body will be equal nt 
equal diftances from its centre of motion, and ihcrclc;ic 
the body will remain in its placcr But if the centre 
of giavity be placed ever fo little ou^ of the centre 
of motion, and the machine be turned fwlftly round, 
the body will fly off towards that fide of the board <’n 
which its centre of gravity lies. Then if the wire C 
(fig. 3) with its little ball B be taken away from tU 
femi-globe ‘A, and the flat fide / of the femiglobe be 
laid upon the Whirling-board, fo that their centres 
may coincide ; if then the board be turned ever jo 
quickly by the winch, the femi-globe will rtmain 
where it w’as placed : but if the wire C be 

into the femi-globe at the whole becomes one bo } » 
wliofc centre of gravity is at or near Fix the 
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in the centre of the Whirling-board, and let the deep 
groove h cut in the fide of the fenii-globe be put 
upon the pin> fo that the pin may be in the centre 
of A (feehg. 4) where the groove is to be reprefented 
Bt and let' the board be turned by the winch, which 
w*iU carry the little ball B (fig. 3) with Its wlie C, and 
the fern i -globe A, round tl.e cctitre-pin c;; and then, 
the centrifugal force of the little ball B, weighing one 
ounce,, will be fo great as to diaw off the fcmi-globe A, 
weighing two pounds, until the end of the groove at c 
tlrikes againlt the pin r, and fo prevents A tioiu going 
any farther; otherwlfe, the centrifugal force of ll 
would have been grtnt enough to have catritd A quite 
off the whirling-boaid. Hciict wc fee that, if the fun 
were placed in the centre of the orbits of the plantts, 
It could not poflibly remain there ; for the centrifugal 
forces of the planets would carry them quite off, and 
the fun with them; efpeciaily when fcveral of them 
happened to be in one quarter of tlie heavens. For the 
fun and planets are as much connected by the mutual 
attra^fion fubfiiling between them, as the bodies A 
and B are by the wire C fixed into them both. And 
even if there were but one planet in the whole heavens 
to go ioiukI ever fo large a luri in the centre of its orbit, 
its centrifugal force would foon carry off both itfelfund 
the fua ; for the grcatcll body placed in any p>att of 
free fpace could be eafily moved ; bccaufc, if there 
were no fiber body to attra^ it, it would have no 
weight or gravity of itfclf, and confequenily, though 
it could have no tendency of itfclf to remove from that 
part of fpacc, yet it migiit be very cafily moved by 
any other fubfiance. 

10. Aa the centrifugal force of the light body B 
will not allow the heavy body A to remain in the 
centre of motion, even though it be 24 times as heavy 
as B ; let the’ ball A (fig^ 5) weighmg6 ounces be con- 
TieiSlcd by the wire C with the ball B, weighing one 
ounce, and let the fork E be fixed into the centre of 
the Whii ling-board ; then, liang the balls upon the 
fork by the wire C in fuch a manner that they may 
exai^ly balance each other, which will be when 
the centre of gravity between them, in the wire 
at f/, is fupported by the fork. And this centic of 
gravity, is as much nearer to the centre of the ball A 
than to the centre 13 , as A is heavier than B ; allow- 
ing for the weight of the wire on each fide of the 
fork. Then, let the machine be moved, and the balls 
A and B will go round their common centre of gra- 
vity </, keeping their balance, bccaufc either will not 
allow the other to fly off with it. ^ For, fuppofing 
the ball B to be only one ounce in weight, and the ball 
A to be fix ounces ; then, if the vvirc C were equally 
lieavy op each fide, of the fork, the centre of gravity d 
wovild be 6 times as far from the centre of B as from 
the centre of A, and confequenily B will revolve with 
a vclocit^f 6 tinges as great as A docs ; which will give 
B 6 times as much centrifugal force 9s any Angle oun« 
of A-hsi; hut. then as B is only one ounce, and A 
fitoiinoes, the whole centrifugal force of A 
Jtaiy b«Ianae4hat of B; and therefore, each body 
will detatn.tW other, fo as to make it keep in its 
circle.*' - ^ , „ „ 

Henc^ its appearii that the liio ami planets muft all 
tboveiiouiid ceuwc of . gi^vrty of th« whole 


fyftem, :n ouUt to preferve that juft balance which 
takes -place among them, 

11. Take away the forks and balls from ihe Whirl- 
ing-hoard, and place the trough AB (fig. 6) thereon, 
fixing its centre to tliat of the bt)ard by the pin H. In 
this trough arc two balls 1 > aiul E of unequal weights, 
conne(^:icd by a wiie /*, and made to Hide ealily upon the 
wire llixtclicd from end to end of the trough, and madcr 
full by nut Icrcws on the oiiilide of the ends. Place 
thefe bails on the wire r, fo lliat their common centtc 
of gr»vity .1;, may he dii\<flly over the centtc of the 
Whirling-board. I hcn turn the machine by the winch 
ever fo Iwittly, L'nd^he trough and balls will go round 
their centre of gravity, fo ns neither oi them will fly 
off; bccaufc, on account of the equilibrium, each ball 
detains the other with an equal force ading agaiidl It. 
Lint if the ball R be drawn a little more towards the 
end ol tlie trough at A, it will remove the centre of 
gian'ty towaids that end from the centie of mo- 
tion ; an<l thin, upon turning tlie inachiiie, tlic 
little ball E will fly off, and lliike with a confidcrablc 
foice againft the tnd A, and diaw' the gic.it ball B 
info the middle of the trough. Or, if the great ball 
11 be diawn tow'aids the end B of the timigh, lo that 
the centre of gravity may be- a little towards that end 
from the centre of motit>n ; and tlie inacliinc be lurned 
by the winch, the great ball D will fly off, and Ihikc 
violently againll the end B of the trough, and will bring 
the little ball E into the middle of it. If the trough be 
not made very ftrong, the ball D will break tlirough it, 

12. Mr. Fergufun has explained the rcafon why 

the titles rife at the fame lime on oppofitc Tides of the 
earth, and confequenily in oppofite dire^lions, by the 
following new experiment on the Whirling-table, For 
this pnrpofe, let abed (lig. 7) reprefent the earth, 
with its fide e turned toward the moon, which will then 
attradl the water fo as to raife them from r to ^ ; and 
in order to flicw that they will rife as high at the fame 
time on the oppofife fide from a io e \ let a plate AB 
(fig, 8) be fixed upoil one end of the flat bar ])Cf 
with fuch a circle drawn upon it as abed (fig. 7) to 
reprefent the round figure of the earth and fea ; and an 
ellipfc as to reprefent the fwelling of the tide at 

e and occafiontd by the influence of the moon. 
Over this plate A 13 fufpend the three ivory balls 

by the filk lints A, /, it faflened to the tops 
of the wires H, I, K, fo that the ball at r mav hang 
freely over the fide of the circle r, which is rarthdl 
fioin the moon M at the other end of the bar ; the ball 
at / over the centre, and the ball at g over tlie fide of 
the circle w'hich is iicaieft the moon. The ball/ 
may reprefent the centre of the earth, the ball g watc^ 
on the fide next the moon, and the ball e water on the 
oppofite fide. On the back of the nfbon Jvl is fixed 
afnoitbar N parallel to the horizon, and th#rc arc 
three hclcs in it above the little weights jft, f, 'A 
filken thread 0 is tied to the line k clofe above the 
ball gy and paffing by one fide of thc nvrqui^^M goes 
through a Irole in tlie bar N, and has the .weight ^ 
hung to it. Such another tliread m is tied to the Ime /, 
cloifc above the ball /, and, paffing trough the cca- 
tre of the moon M and middle of iW K, bt|§ 
the weight q bun^ to it which Ji li^pcr than the 
weight A thud thread m is tied tp tbjS lipe 
4T above 
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lifw iht ball /», andj pafliflg by the pihcr fide, of the 
ir<idtj M through the bar Jf, ha» the weight r hung to 
ft, 'which is lighter than the weigiit y. The ufe of 
thefe three unecjual weights la to repreient the moon*8 
unequal attraftion at different diHancea from her ; fo 
that if they arc left at liberty, they will draw all the 
three ball.} towards the moon with dilfereiit degrees 
of force, and caufc tl'cm to appear as in fig. 9» in 
which cafe they are evidently farther from each other 
than if they lunigficdy by the perpendicular lines/j, 
Hence it appe us, that as the moon attrads the fide 
of the earth which is neared her with a greater degree 
of force than f}'edo(.s the centre of lire earth, Oie will 
draw the waiei on that lidemore than the centre, and 
caufe it to rife tni tliat fide : and as fiie draws the centre 
more than the oppofitc lide, the centi'e wall recede 
fttilhcr from the fiiifnce of the water on that op- 
pofite fide, and le;i\c it as liigh there as fhe raifed 
it on the ltde next her-. For, as the centre will be 
ill tlic middle between lire tops of tlie oppofitc tleva- 
Irons, they mull of courfc be equally high on both 
fidcs at the lame time. 

‘ However, upon this fiippofitlou, the earth and moon 
would foon come together ; and this would be the cafe 
if they had not a motion round their common centre of 
gravity, to produce a degree of centrifugal force, fuffi- 
cient to balance their rputual attradion. Such motion 
they have j for as the moon revolves in her orbit every 
month, at the dlllance of 240000 miles from the 
earth’s centre, and of 234000 miles from the centre of 
gravity of the earth and moon, the earth alfo goes 
round the fame centre of gravity every month at the 
dillance of 6000 miles from it, i. e, from it to the 
centri of the earth. But the diameter of the earth 
being, in round numbers, 8000 miles, its fide next the 
moon is only 2000 miles from the common centre of 
gravity of the earth and moon, its centre 6000 miles 
from it, and its fartheft fide from the moon loooo miles. 
Confequently the centrifugal forces of thefe parts are 
as 2000, 6000, and 10000 ; i. e. the centrifugal force 
of any fidfe of the earth, when it is turned from the 
moon, is five times as great as when it is’turned toward 
the moon. And as the moon’s attradlion, expreffed by 
the number 6000 at the earth's centre, keeps the earth 
from flying out of this monthly circle, it mull be great- 
er than the centrifugal force of the waters on the fide 
next her ; and confeqiicntly, her greater degree of at- 
tradion on that fide is fumcient to raife them ; but aa 
Iter attradion on the oppofitc fide is lefs than the cen* 
trifugal force of the water there, the cxcefs of this 
force is fufficient to raife the water juft as high on the 
ep^fite fide. 

To prove this experimentally, let the bar DC with 
furniture b*c fixed on the Whirling-board of the 
machine (fig.^1.) by pufhing the pin Pinto the centre 
of the boara; which pin is in the centre of gravity of 
the whole bar with its three ballsY^^, /, and moon M. 
Now if jJwtWhirling-board and bar be turned flowly 
round' by the winch, till the ball / hangs over the 
centre oF the circle^ as in fig. 10 , trre ball ^ will be 
kept towards the moon by the hcavieft weight ^ 
(^g* 8), and the ball r, on account of its greater centn* 
f^l fbree, and the lefs weight r, wiU fly off as far to 
the fide^ as in to. Astd thus^ whilft the 


machine is kept tiirning, the balls / and ^ will' hang 
over the ends of the ellrpfe //>. So that the centri- 
fugal force of the ball c will exceed the moon’s attract 
tion Juft as much as her attradion exceeds the centri. 
fugal force of the ball^, whilll her attradion juft ba- 
lances the centrifugal force of the ball /, and makes 
it keep ill its circle. Hence it is evident,, that the 
tides muft rife to equal heights at the fame time on 
oppofitc fides of the earth. .See Fergiifon’s 1 a dares on 
Mechanics, led. 2, and Dcfag. Ex. Phil. vol. l, led c, 

WHIRLWIND, a wind that rifes f-iddci^ly, is 
exceedingly rapid aud impetuous, in a Whirling di- 
redion, aud often progr'efiively alfo ; but it is com- 
monly fooii fpent. 

Dr. IVanklln, in his Phyfical and ATeteor-ologieal 
Obfervations, read to the Royal Society in 1756, fup- 
pofes a Whirlwind and a watcifpout to proceed from 
the fame caufe ; their* only difference being, that the 
latter pafles over the water, and the forme** o\cr tire 
land. I’hia opinion is con-oboiattd by the obfeiva- 
tions of M. de la Pryme, and many oihei'p, wlio ha.’e 
remarked the appearances and effeds of both to be rlic 
fame. Tliry have both a progicffivc as well as a cncu- 
lar motion; they nfually rife after calms and great 
heats, and inofUy happen in the warmer latitudes: 
the wind blous everyway fVorn a large furTounding 
fpacc, both to the waterfpout and wluilwind ; and a 
waterfpoiit has, by its piogreiTive motion, pifl’ed from 
the fca to the land, and produced all the phenomena 
and efftds of a Whirlwind : fo that there is no reafoii 
to doubt that they arc meteors arifing from the fame 
general caufe, and explicable upon the fame piinciples 
furnifhed by clcdrical experiments and difcoverics. bee 
HuRRiCANt, and Waterspout, t’or Dr. Frank- 
lin’s ingenious method of accounting for both thefe 
phenomena, fee his Letters and Papers, See, vol. 1, 
p. 191, 216, Sec, 

WHlSPERlNG-PAa^fx, are places where aWhif- 
per, or other fmall noife, may be heard from one part to 
another, to a great dillance. They depend on a 
principle, that the voice, &c, being applied to one end 
of an arch, cafily paffes by repeated refledioni to ih« 
other. Thus, 



let ABC reprefent. thb filament of a fphere ; aad fup* 
pofc a low voice uttered at A, the vibration's extending 
themfelvc» every way, fomcof them will impinge upon 
the points B, B, &c ) and thence be refleaed to the 
points F, F, See; thence to G, G, flee; till at laft 
they meet in C ; where by their rUaion they caufe a 
much fow>d4bwi intiirMit o£- tlie fcgmcnt 
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wliatc'i-cr, f^vcn louder than at the point from wlunce 
they fet out 4<^ccrdingly, all the contrivance in a 
Whifpering-pUce is, that near the perfon who V/LIh. 
pera, there be a fmooth wall, arched either evdindr- 
cally , or elliptlcally, &c. A circular ai di will do, but 
not fo welh 

Some of the moil remarkable place; 
aie the fofi* 

Syracufc; 

iioifc ; or a clap of the 
&c. The aquedii<?\a c 

l6 miles : bcOdc clivers others tueutioned hy K irchcr in 


. . . > ior ^^Hiilpciinf*', 

fonowing : VIZ, The pnfon of Dionyhns :>t 
e, which increafed a loft WhiTpir lo aloud 
ar a clap of the hand to (helvp(^)t of a cannon, 
&c. The aquediias of Claudius, which eatnhd j voice 
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and of the Harmony of tl.c four Evangdllli.-rn 1707 , 

ccompI.(l„„c,a„l ,!,e y-rbune I'rophccic., prtached 
IM,-? '■ r Newton’s AuthiiKtica Urn- 

-I,, .yoii, larquca’s Kudld.wlil, fdoaThco. 
ns of Alcn.nt.djs; the fonn.r of wMol, I, ad acci- • 
N ad) oeui hjsliih jiitiodndion to the lindyofthe ma. 


Acci 
at 

vei falls.' 
rems 
den 


his Phonurgia. In Ivogland, the mull: ccnr.denb’lL' 

Whifpering place^r nvc, the dome of Sr. Rml’.; rl'U.v h, 

J.ondon, wiiepc the licking id' a u.tleh may be Invid 
from lidc to ode, and a vei'y fuft Whifpci nuy be knt 
all round the dome: this Dr. Deiham found lo hold 
not only in the gallery below, but above upon the fcaf- 
fold, where a W liifper would be canied over a perfon’s 
head round the top of the arch, thoiioh there be a lai'--e 
opening in ihc middle of it into the upper pnit of the 
dome. Anchthecdebiated VVhifpciing-pl.we in (Uou- 
celKr cathedral, which is only a gallery above the e.dl 
end of the choir, lending fumi one fide of it to tlic 
other'. Sec Birch’s Hid. of the Royal Sue. vol. i, 
pa. 120. 

WHISTON (William), an Knglidr divme, phi- 
lofopher, and mathematiciun, of uncommon parts, 
learning, and c.Kti'aordinary cliaraAer', was born the 
yth of December 1667, at Nor'ton in the comny of 
Lcicefler, where his father was re£lor. He was edu- 
cated under his father till he was 17 years of age, when 
he was fentto Tamworth fchool, and two yeaio after ad- 
mitted of Clarc-hall, Cambridge, where he piirfued his 
lludics, and particularly the matherTiatics, with gi'eat di- 
ligence. Dur ing this time he became afhieUd with a 
great weaknefs of fight, owing to dole itudy in a 
whitened room ; which was in a good mcafurc r*clit\ed 
by a little relaxation from fludy, and taking off the 
glare of light by hanging the place oppofiie his 
feat with green. 

In 1693 be was mademaflcrof arts and fellow i)f the 
college, and footi after commenced one of the tutors ; 
hut his ill ffate of health foon after obliged liini to rc- 
linquiffi tlrisprofeflion. Having entered into orders, in 
1694 he became chaplain to Dr. More, bifhop of N01- 
wieh ; and while in this ftation he publifhed his fir ft 
Work, intiticd, N(‘W Theory of the Earth ffc; in 
winkh he undertook to prove that the Mofaic doCliinc 
of the earth was perfedly agreeable to reafoii and phi- 
jofophy : which work, having much ingenuity, though 
it was wrjttcn agaiirft by Mr. John Keill, brought con- 
fiderablc reputation to the author. 

•In the year 1698, biffop More gave him the liv- 
ing of Doweftoff in Suffolk, where he immediately 
went to- rtfre^e, and devoted hiiirfelf with |[reat dili- 
gence tp the drfeharge of that trull.— Tn the beginning 
of this century lie was made Sir Ifaac Newton’s deputy, 
and afterwards his fucceffor in the Liicafian profefforfftip 
of mathenr^atids; when he refigned his living at Lowe- 

fio^, aui went to refide at Cambridge. From this time ^ . . . - . ^ — 

bis puhlicatioTrsbccame very frequent, both in theology write, and lo propagate his Primitive Chrif^iatiltjr with j 
*oid 'ruathcmatics. Thus, in 1702 he pubiiflicd, A as much ardour an if he Iradbcen in ihcmoftftounOiin^^ 
^aonVfcw.bfThe Chronology of the Old' Teftatncnt, chcumftances ; wliich however were fo bad, that, m 
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i! V he diew rrp an ClHy upoa 

i... ApuiloH d ( uaH.tutions, uhich the Vice charred- 
or jHaic.l hiHievime loi pir.tlng. TIk amhur tells 

IS fie liad fuu! ov.r the two fuft cei.tmits of the 
c iiueh, am. iomid (hat llie Rti'cbian or Y\iiaii dortilnc 
v\as Hi’d.y the dodihie (ff tlmfe rr-e which, ihouHl 
deened IwUiudox, he s}ua-.rl.t it \ui duty to diUeer. 
pill 17^-';* he pii!)li!heda volumeof Seimon-r aul I'T- 
ays on yar, oua lubjccts.-^ln ry.o, PraMiones Phv 
heo-jMathemanc:p, wh-ch withlh^ Pr.tlediori'ea Atlro- 
no.mc;-, \\3 i-e trairfijtcd’ and piiblinted in Iv.rghih. And 
honour to the memoiy of 
JMr. VVhitlon, that lie was ouc of the fir ft who ex* 
plained lire Ncwtoniait pliilofophy in a populai way, fo 
as to be intelligible to the generality of readets.-- 
Among other things alfo, he tianflated the Apodolieal 
Conllitulionsinto Knglifli, w hii h favoui-ed the dodrinc 
of the fupremacy of the father and fubordlnation of the 
hm, vulgarly caller! the Ariair herefy : Upon which hh 
fricudb began to be alarmed for- birn ; aird the confe- 
quenqe fhevvTd it was not groundlcfs ; for, Oct. 30, 
17 to, he \\as deprived of his profefforfliip, and ex- 
pelled the umverfiiyof Cainhridge, after he had been 
formally convened and interrogated for fonic days toge- 
ther. — At the coirehrfiotr of this ye.n, he wrote his Hif- 
toncal preface, aftcrwai-ds prefixed to Iris Primitive 
Chriftianity Revived, containing the reafuns for his difr 
fen t from the commonly received notions of tire IVn 
nity, which work he pnblilhed the next year, in 4 
volinru 8 8vo, for which the Coitvticalion tell upon hrm 
moft vdiemently. 

In 1713, he and Mr. Ditton compofed their feheme 
for finding the longitude, which lirey pitbliOred the year 
following, a method which confided in mcalnring difr 
tanccs by means of tire velocity of found ; fonrre more 
particulars of which aic related in the life of Mr, Dit- 
Ion. — In 1719, he pnblifhed an ironical Letter- of 
fhanks to doctor Robinfon, biflrop of Lonclon, for his 
late Letter lo his cleigy againfi the irfe iff New Forms 
of Doxology. And, tlic fame year, a 1 a iter to the earl 
of Nottingham, Concerning tfie lutrniiy ofthe Sun of 
God, and his Lbrly Spiiit. — 1 11 i /'’o, he was {rropofed 
by Sir Hans Sloane and Dr. Halley to the Royal Society 
as'a meinher; hut was'rcfnfed adinitiaiicc by Sir liaac 
Newton the ))tdiJent. 

Oil Mr. W hiflon’s cxpuhion fiom Ct»ml>i Idgc, be 
went to I.orrdon, where he conlened willi Dojftors 
Clarke, Hoadly, and other- learned men, wlro endca- ^ 
voured to moderalt* his -/.cal, which howevcv be woirld^ 
not firfil-r to he* tainted or corrupted, and mapy we*rft 
not much fatii-fled with the authority of thefe ccflnftitu- 
tiotis, but appioved his integrity. Mr. Whitlon now 
fettled in i^^ndon with his family ; wbcK, without 
fufferiftg his zerd to he intiuridatea, fie continued to! 



WHI [69^] WRI 


1711^ a fubf^rlption was ma 4 ^ far the fuppoit of his 
family, which amounted to 470I. For though he drew 
fome profits from reading aftionomical and philofophi- 
cal leclures, ,and alfo from his publications, which were 
very numerous, yetthefeof themfelves were very infuf- 
ficient : nor, when Joined with the benevolence and 
charity of thofe w ho loved and efieemed him for his 
learning, integrity, and piety, did they prevent his 
being Irtqiiently in great difirels. — In, 1722 he pub- 
lifhed an iLffay towards icHoring the true text of the 
Old Tell a me at, — In 1721, The Literal Accomplifh- 
ment of Scripture Pi opheclcs.— Alfo, The Calculation 
of Solar Tclipfcs without Parallaxes —In 1726, Of 
the Thundering Legion &c.— In 1727, A Collection 
of Authentic Recoids belonging to the Old and New 
Tellament, — In 1730, Memoirs of the Life of Dr. 
Samuel Clarke.— In 1732, A Vindication of the Tef- 
timouy of Phlcgon, or an Account of the Great Dark* 
uefs and Earthquake at our Saviour’s PafTion, defcrlhed 
by Phlegoii.— lu 1736, Athanafian Forgeiies, &c. 
And the Primitive Eucharid revived.— In 1737, The 
Altronomical Year, partlculaily of the Comet foretold 
by Sir, Ifaac Newton. — Alfo the Genuine Works of 
Flavius Jofephus. — In 1739, Mr. VVhifton put in his 
claim to the mathematical profefTorfhip at Cambridge, 
then vacant by the death of Dr. Stunderfon, in a let- 
ter to Dr, Afhton, the mailer of Jcfus-college ; but no 
regard was paid to it.— In 174^, he publidicd htS'Pri- 
niitive New Tellament in b.nglilh. — In I74^> 
cred Hidory of the Old and New Tedamcnt. Alfo, 
Memoirs of his own Life aiKl Writings, which are very 
curious. , 

Whidon continued many years a member of the 
eftablilhcd church ; but at length forfook it, on account 
of the reading of the Athanafian Creed, and went over to 
the Baptidsi which happened while he was at^ the 
houfc of Samuel Barker, Efq. at Lindon in Rutland- 
fhire, who had married his daughter ; where he died, 
after a week’s illnefs, the 2 2d of Auguft 17 
upwards of 84 years of a^e.— We have mentioned the 
principal of his writings in the foregoing memoir ; to 
which may be added, Chronological Tables, publilhed 
in 175c. 

The charadler of this confeient ions and wortlry man 
has been attempted by two very able perfonages, who 
were well acquainted with him, namely, bilhop Hare 
and Mr. Collins, who unite in giving him the higheft 
apphufes, for his integrity, piety, &c.— Mr. Whif- 
ton left feme children behind him ; among them, 
Mr, John Whifton, who was for many years a very 
Con$derablc bookfeller in LondoTt. 

WHITE, one of thecolouiAof bodies. Though 
White cannot properly be faid to be one colour, but 
rather a compofition ot all the colours together: for New- 
ton has demonftrated that bodies only appear White by 
rcflcAing a^ll the kinds of coloured rays alike ; and that 
even the light of the fun is only White, bccaufe it con. 
lifts of all colours mixed together. 

This may be fhewn mechanically in the following 
manner : Take feven parcels of coloured fine powders, 
the fame as the primaiy colours of the rainbow, taking 
Inch quantities of thelc as (hall be proportional to the 
r^ptSive breadths of thefe colours in the rainbow, 
which arc of red 45 parts, orange iy, yellow 48, green 


60, blue 60, indigd anij of violet 80 j then mix 
intimately together thefe feven parcels of powders^ and 
the.mixturc will be a pretty White colour : and this is 
only fimilartothe uniting the prifmatic colom 8 toge- 
ther again, to form a White ray or pencil of Ilglit of 
the whole of them. The fame thing is done convenient- 
ly thus : Let the flat upper furfacc of a top be divided 
into 360 equal parts, all around its edge ;’tben divide 
the fame furface into feven fedtors in the proportion of 
the numbers above, by feven radii'or lines drawn fioni the 
centre ; next let the refpedlive colours be palmed in a 
lively manner on thefe fpaces, but fo as the edge of eac h, 
colour may be made nearly like the colour next adjoin- 
ing, that the feparatioii may not be well diiHnj;uinicd 
by the eye ; then if the top be made to fpin, tlie co- 
lours will thus feern to be mixed all together, and the 
whole fuifaee will appear of a uniform whitenefs: and 
if a large round black fpot be paiuUd in the middle, fo 
as there may be only a broad flat ring of colours around 
it, the experiment will fucceed the better. See New- 
ton’s Optics, prop. 6, lK)ok 1 ; and Fergufoii’s d 
pa. 296. 

White bodies are found to take lieSt' flower tli.in 
black ones; bccaufe the latter abfoib or irplnbe raysot 
all kinds and -colours, and the former refleci iheui. 
Hence It is that black paper is fooner put in flame, by 
a burning-glafs, than White ; and hence alfo black 
clothes, hung up in the fun by the dycis, dry fooner 
than white ones. 

WHITEHURST (John), an ingenious Englifh 
philofopher, was born at Congleton in the county of 
Chefltirc, the icth of April 1713, being the fon of a 
clock and watch-maker there. Of the early part of h.s 
life but little is known t he who dies at an advanced 
age, leaving few behind him to communicate anecdotes 
othisyoutli. On his quitting fcliool, where It feems 
the education he received was very defedlive, he was 
bred by his father to his own profeflion, in which he fuon 
gave hopes of his future eminence.* 

It was very early in life that, from his vicinity to 
the many flupendous phenomena in Derby fliiie, which , 
were conflantly prefented to his obiervation, his atten- 
tion was excited to enquire into the various -caufts of 
them. 

At about the age of a i, his eagernefs after new ideas 
carried him to Dublin, having heard of an ingenious 
piece of mcchanifm in that c»ty, being a clock with 
certain curious appendages, w'hich he was very dcfirous 
of feeing, and no Icfs fo of converfing with the maker. 
On his arrival however, he could neither procure a 
fight of the former, nor draw the leail hint from the 
latter concerning it. Thus difappointed, he fell upon 
an expedient for accompHlhing his defign ; and accor 
ingly took up his rcfidcncc in the houfc of tlie mcclunic,. 
paying the more liberally for his board, as he had hopes 
from thence of more readily obtaining the 
wilhed for. He was accommodated with a room dire y 
over that in which the favourite piece was kept u y 

locked up : 'and he had not long to wait for bis 
cation : for thc artift, while one day employed in - 
amining his machine, was fuddenly called down ai , 
which me young enquirer happening to overhear, 0 y 
flipped into the room, iofpeSed the irtachinc, an , p 
hntly fatiifying bimCclf as to the ftaet , 

6 
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covered' to bU ovm mrtment. HIi cad thus compaOed, 
he fhortly after bid the artift farewell, and returned to 
his father in England, 

About two .or three years after his return from Ire. 
land, he left CongletQn,and entered iniobufiners for him- 
fclf at Derby, where he foon got into great employment, 
and didinguiflicd himfelf very much by feveral ingenious 
p’eces of mechanifm, both in his own regular line of bu* 
Cnefs, and in various other refpe^ts, as in the conllrucw 
tion of curious thermometers, barometers, and other 
j>l]ilofophical indruments, as well as in ingenious con- 
trivances for water- works^ and the creftion of various 
larger machines: being coniulted in almod all the un- 
dertakings in derbyOiirc, and in tlie neighbouring 
counties, where the aid of fuperlor flcill, in mechanics, 
pneumatics, and hydraulics, was rcquilite. 

In this manner his time was fully and urcfully em- 
ployed in the country, till, in 1775, when the ad 
paffed for the better regulation of the gold coin, lie was 
appointed damper of che moncy-weights ; an office 
conferred upon him, altogether imexpedcdly, and 
without folicitatlon. Upon this occaHon he removed 
to London, where he fpent the lemaindcr of his days, 
in the conllant habits of cultivating fomc urefnl pajts of 
philofophy and mcchanifai. And here too his houd be- 
came the conllant refort of the ingenious and fcicntiiic 
at large, of whatever nation or rank, and this to fucli 
a degree, as very often to impede him in the regular 
prolecution of his own fpeculations. 

In 1778, Mr. Whitehurft publilhcd his Inquiry into 
the Original State and Formation of the Earth ; of 
which a fecond edition appeared in 1780, confiderably 
enlarged and improved; and a third in 1792. This 
was the labour of many years ; and the numcions in- 
veftigations neceirary to its completion, were in them- 
felves alfo of To untoward a nature, as at times, though 
he was naturally of a ftrong coriftifution, not a little to 
prejudice his health. When he firll entered upon this 
fpecies ofrefccirch, it was not altogether with a view to 
invellrgate the formation of the earth, but in part to 
obtain fuch a competent knowledge of fubterraneous 
geography as might become fubiervient to the purpofes 
of human Iffe, by leading mankind to the difcovcry of 
many valuable fubftances which lie concealed in the 
lower regions of the earth. 

May the 13th, 1779, he was elc£lcd and admitted a 
Fellow of the Royal Society. He was alfo a member 
of fome other philofophicjl fbcictits, which admitted 
him of their rcfpedllve bodies, without his previous 
knowledge ; but fo remote, was he from any thing that 
anight favour of ollentatiou, that thiscircumllancc was 
known only to a very few of his moll confidential 
friends. Before he was admitted a member of the Royal 
S(^icty, three feveral papers of his had been fnftrted in 
the Philofophical Tranfaaions, viz, Thermometrical 
Obfervatious at Derby, in vol. 57 ; An Account of a 
Machine for railing Water, at Oulton, in Cheffiire, in 
voL 6^ and Expfiriments on Ignited Subftances, 
vol. 66 : which tliree papers were printed afterwards in 
the coUcilioa of his works in 1792* 

In 1783 hemade a fccond vifit to Ireland, with a view 

examine the Giant^s Caufeway, and other northern 
of that ifland,. which he found to be chiefly com- 
poied ot voloaoie matter ; an account and reprefenta* 


tions oF which arc infertM in the latter editions of hfi 
Inquiry. During this excurfion, he erc£lcd an engine, 
tor raifing water from a well, to the fummit of a hill, 
in a bleaching ground, at Tullidoi, in the county of 
iyrone ; it Is w«)tkcd by a current of water, and for 
Its utility is ptrliapR unequalled m any country, 

T publlfhcd, An AttCT.pt toward obtaininrr 

Invariable Muiluics of Len^^th, Capacity, and Weight, 
from the Menfiiratlon of 'rime. His 'plan is, to‘ ob- 
tain a me.dure of the giealeil length tliat eonvcnicucv 
will permit, from two pendulums whofe vibrations arc 
in the ratio of 2 to i, and whole lengths coincide ncaHy 
with the Taiglilh llandaid in whole numbers, The 
numbers wlncii be has cholcn fliew much iugeruiity. 
On a fuppofitiou that the length of a feconds peudulum, 
in the latitude of London, is 39’ Inches, the length of 
one vibiailug 42 limes in a mnnitc, mufl be 80 inches ; 
and of another vibiating 84 times in a minute mufl be 
20 iju’hcs ; and tlicir dilfcicucc, 60 inches, or ^ feet, 
ishis ftandard meafure. I^y the experiments however, 
the ddferciice between the lcn}>lhs of the two pendulum 
rods, w.ij found to be only inches, Inllead of 

60, owing to the ciror in the fiffutncd length of the fc- 
conds pcndulnm, 39 1 inches being greater ilian the 
truth, which oui;hf to be 39 { very ne.ulv. By this ex- 
periincnt, Mr. Wlnteliaill obtained a fafl, as accuatcly 
as may be in a thing of this nature, viz, the dilference 
bet ween the lengths of two pendulum rods whofe vibra- 
tions aie known : a datum from whence may be ob- 
tained, by calculation, the tr ue lengths of pendulums, 
the fpaces through which heavy bodies fall in a given 
time, and many other particulars relating to the doc- 
tiine of gravitation, the figure of the eaith. See, &c. 

Mr. Whitehurll had been at times fubjed^ to flight 
attacks of the gout, and he had for feveral years felt 
himfelf gradually declining. By an attack of that chTcafe 
in his ftomach, after a flruggle of two or three months, it 
put an end to his laborious and ufcful life, on the i8tli 
of February 1788, in the 75th year of his age, at his 
houfe in Bolt court, Flcet-flieet, being the fame lioufc 
where another eminent felf-taught philofopher, Mr, 
James Fergufou, hid immrdiately before him lived and 
died. 

For feveral years before his death, Mr. Whiteliiirfl 
had been at times occupied in arranging and complet- 
ing fome papers, for a treat ife on Cliiinntys, Ven- 
tilation, and Gaidcn-flovcs ; which have fince been 
collc^lcd and given to the public, by Dr. \Villan, in 


However rcrpeflablc Mr. Whitehurfl: may liavc been 
in mechanics, and thofc paitsof natural fciencc which 


he moie immediately cultivated, he was of flill higher 
account with his acquaintance and friends on the Lore 


of his moial qualities. To fay nothing of the up- 
righincfs and pun6luality of his dealings m all iranfac- 
tions relative to bufinefs ; few men have bign known to 


pedhTs more benevolent affc^Iio^s than he, or, being 
poflcTTcd of fneh, to direcfl them mc)fif**j%^^icIoufly to 
their proper ends. As to his perfon, he vrajp*bbvc the 
middle flature, rather thin than otherwife, and of a 


countenance expreflive at once of penetration and mild- 
nefs. His fine gray locks, unpolluted by art, gave a ve- 
nerable air to hi3 whole apocarance. In drefs he was 
plain, in diet tempeiatc, in his general intcrcourfe with 

mankind 



W I L ' t 694 3 WIN 


Tiiankind eafy and obligln;^. In company he was cheer- 
ful or grave alike, according to the dictate of the occa- 
fion ; with now and then a peculiar fpecies of humour 
ilbout him, delivered with fuch gravity of manner and 
utterance, that thofe who knew him but flightly were 
apt to underlland him as ferious, when he was meicly 
playful. Cut whcx*c any defire of iiiformolion on fiib- 
jeiils In which he was convcrOint was cxprcfl'cd, he 
omitted no opportunity of impairing It. 

WHITSUNDAY, the 50th day or feventh funday 
from Kadcr. — ^Die feafon properly called Pcntccoll, is 
popiilaily called 7 / 7 ;//////////^ ; becaufc, it is faid, in the 
primitive chinch, the newly baptized perfons came to 
church between Eallcr and Pentccoll in *white gar- 
ments. 

WILKINS (Dr. JoliJi), a very ingenious and learned 
Engliih bilhop and mathematician, was the ion of a gold- 
fmith at Oxford, and born in 1614. After being edu- 
cated In Greek and Latin, In which lie made a u’ry 
quick progief?, he was entered a Undent of New-Inn in 
tliac uiuveifity, when he was but 13 years of age ; but 
after a Uiort Uay there, he was lemovcd to Mago.ihn 
Hall ; where he took his degrees. Having entered into 
holy orders, In? firU became chaplain to William Lotd 
Say, and afterwards to Charles Count Palatine of the 
.Rhine, w'ith whom he continued fome time. Adhering 
lo the Parliament during the civil wars, they made him 
warden of Wadham college about the year 1648, In 
1656 he married the fiUer of Oliver Cromwell, then 
lord piotcdorof England, who granted him a difpeii- 
fation to hold his wardenlliip, iiotwithftanding his mar- 
riage. In 1659, he was by Richard Cromwell made 
mailer of Trinity college in Cambridge; but cjc< 5 lcd 
the year following, upon the rcUoration. He was then 
chofen preacher^ to the fociety of Gray’s Inn, and rec- 
tor of St. Lawrence Jewry, London, upon the promo- 
tion of Dr. Seth Ward to the biflioprick of Exeter. 
About this tinre 4 ie became a member of the Royal So- 
ciety, was chofen of their council, and proved one of 
tlicir muU eminent members. Ilcw'as afterwards made 
dean of Rippoii^ and in i66,S bifltop of Chefter; but 
died ofthc Uone ill 1672, at fS years of age. 

Rlfhop Wilkins was a man who thought it prudent to 
fubmit to the powers in being; he therefore fubferibed 
to the folemn league and covenant, while it was en- 
forced ; and was equally ready to fwear allegiance to 
king Charles when lie was redored : this, with his mo- 
derate fplvlt towards difllnters, rendeied him not very 
ngreiMbIc to the churchmen ; and yet fcveial of them 
could not but give liim one of the befl of characters. 
Rurnet wiites, that “be was a man of as great a mind, 
as true a judgment, as tmiiumt vlitnes, and of as good a 
fold, as any he ever knew: that though he married . 
CroniwHPs fitter, yet he made no other ufe of that al- 
liance, but tc^do good offices, and to cover the uulvcr- 
fity of Oxfoii from the fournefs of Owen and Good- 
win. At Cair.b[ijjge, he joined with thofe who (ludied 
to propa^al^\)etttr thoughts, to take men off from 
being in forties, or from narrow notions, from fuper- 
ilittous concehs, and ticrcenefs ^about opinions. He 
was alfo a great ohferver and promoter of experimental 
philpfophy, which was, then a new thing, and much 
looked alter. ]He was naturally ambitious, but was 
the ,wifell clc^y.maa I ever knew, lie was a lover of 


mankind^ and had a delight in doing good.” The 
fame hiftorian mentions afterwards another quality 
which Wilkins pofleffed In a fupreme degree, and which 
it was Avdl for hirri he did, fince hc had'grcat Ofcafion 
for the ufe of it ; and that was, fays he, “ a courage, 
which could (land againft a current, and againfl ail tlie 
reproaches with which ill-natured clergymen ftiidied to 
lu'id him.” 

Of his publications, which are all of tliem very inge- 
nioin and learned, and many of tiiem particularly cu- 
lions and cntcitaining, the full was in 1638, vvhcii he 
was only 24 years of age, viz, The Difeovery of a New 
Woild ; or, A DtfconrlVto jirove, that it is probable 
tlicie may be aiiothei liabltable V/oild In the Moon ; 
with a Difcojile concerning the Poflibility of a Paffage 
thither. — In 1640, A Dii'coiirfe concerning a New 
Planet, tending to prove that ir is probable our eaith Is 
one ol the Planet'?. — In 1641, Mercury; or, the 
Secret and Swift Mefieiigcr ; (hewing, bow a man may 
with I’livacy and Speed communicate his Thoiiglits 
to a Eriend at any Difiniice, 8\o. — In 1648, Mallic* 
malic.il Magic ; oi. tlie \V\>nders that maybe jiei formed 
by Mathematical Gcomctiv, 8vo. All thefe pieces 
were publidied entire in one volume 8v(>, in 1708, un- 
(Lr the title of, The Mathematical and Philofophieal 
WoiLs of the right rev. John Wilkins, See; with a 
piint of the author anel general title page handfomely 
engraven, and an account of his life and writings, 'To 
tills colledlon is alfo fubjoined an ablliaifl of a laigar 
work, printed in 1668, folio, intitlcd, An Eflay to- 
wards a Real Character and a Philofbpliical Language. 
Thefe wer* all his matliematical and philofophieal 
woiks; befide which, he wrote (cvcral trails in theolo- 
gy, natural religion, and civil polity, wliich were much 
effeemed for their piety and moderation, and went 
through feveral editions. 

WINCH, a popular term for a wlndlaTs. Alfo the 
bent handle for turning round wheels, grlnd-llouc , 
See, 

WIND, a Current, or ftream of air, efpeclally when 
it is moved by fome natural caufe. , , 

Winds are denominated from the point of the com- 
pafs or horizon they blow from ; as the eaft Wind, 
north Wind, foiith Wind, See. 

Winds are alfo divided into feveral kinds ; as genereJ^ 
parthulnr, pa’cnnialf Jialcdy variable t Isfc, 

Conjlant or Perennial Winds, are thofe that always 
blow the fame way ; fuch as the remarkable one be- 
tween the two tropics, blowing conftantly from call to 
well, called alfo xhe genera! trade ’Wind, ' 

Staled or Periodical Winds, are thofe that con- 
ftantly return at certain times. Such are the fea and 
land breezes, blowing from land to fea in the morning, 
and from fea to land in the evening. Such alfo aie the 
(hiftlng 01 particular trade Winds, which blow one 
way during certain months of the ycir, iind the contra 
ry way the veil of the year. 

Variable or E/ratic Winds, art fifch as'blow viith- 
out any regularity cither as to Umc, place, ordirc6l>on. 
Siicli as the Winds that blow in the intetior parts ot 
England, Sec ; though fome of thefe claim their ctitain 
times of the day ; afs, the north-Wind is moR frequent 
in the morning, the weft-Wind *£bout JW5on, and the 
fouth-Wmd in the v 

QeHcral 
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l» fucha# blows at the fame time 
the fame way, over a very large trad of giound, molt 
part of the year ; as the general tradcAVind, 

F/ir//V»/tfr Winds, include all others, excepting the 
general trade Winds. 

Thofe peculiar to one liille canton or province, arc 
called topical ox provincial Winds* The Winds are alfo 
divided, with lefpedt to the points of the compafsor of 
the horizon, into cardinal and collaleraL 

Cardinal Winds, are thofe blowing from tlic four 
cardinal points, call, weft, north, and fouth. 

Collafci al WlUDSi are the intermediate Winds be- 
tween any two cardinal Winds, and take tlieir names 
fiom the point of the compafs or horizon they blow 
fiom. 

In Navigation, when the Wind blows gently, it is 
called a hreeze \ when it blows haider, it is cMllcd a 
or a Jiiff gale\ and when it blows veiy haul, a 
Jhrm, ■ ^ 

For a particular account of the* trade- Winds, mon- 
foons, &c, fee Philof. 'rranf. number iH^, or Abiidg. 
vol. 2, p. 133. Alfo llobenlun’s Navigation book 5, 

fea.6. 

A Wind blown'ng from the lea, is always mold j 
as biinging with it the copious evaporation and exhala- 
tions from the waters: alfo, in fnmmcr, it is cool; and 
in w'inter warm. On the contrary, a Wind from the 
continent, is always dry ; warm in fummer, and cold 
in winter. Our noitherly and foiuherly Winds how- 
ever, w'hich are ufually accounted tlie caufes of cold 
and warm weather, Dr. Derharn obferves, arc really 
ixvther the eftedl of the cold or warmth of the atmo- 
fphere. Hence it is that we often find a warm i'outhcrly 
V/ind fiiddcnly change to the north, by the fall of 
{'now or hail; and in a cold fi oily ^morning, we find 
the Wind noi'.h, which afterward wheels about to the 
I’outherly quarter, when the fun has well warmed the 
ail ; and again in the cold evening, turns northerly, or 
eafterly, ' v 

Physical Cavfe of WiNDS. Some philofophcrs, as 
Defcaries,, Rohault, &c, account for the general Wind, 
from the diurnal rotation of the earth; and from this 
general Wind they derive all the particular ones. Ihus, 
as the earth turns eaftward, the pai ticks of the air near 
the equator, being very light, are left behind ; fo that, 
in refpe^il of the earth's furface, they move weft wards, 
and beconae a couftant eafterly wind, as they are found 
between the trppics,' in thofe parallels of latitude where 
the diurnal motion is fvvifteft. But yet, againft this 
hypothefis, it is urged, that the air, being kept clofc 
to the earth by the principle, of gravity, would in ume 
acquire the fame degree of velocity that the earth's 
furface moves with, as well in refped of the diurnal ro- 
tation, as of the annual revolution about the fun, which 
is about 50 times fwiftcr. 

Dr* Halley itherelbre fubftitutes another caufe, ca- 
pable of producing a like conftant cffc6l, not liable to 
the fame obje^iops, bt|t more agreeable to the known 
properties of the elements of air and water, and the laws 
^f the. motion of ftuki bodies. And that is the adlion of 
the fun> beams-,. a]S>he paffes everyday over the air, 
«artb, jsnd Vfster,. combined with the fituation of theacF 
joining continc^nts. Thus, the air which is lefs rarefied 
or cxpfifi^dby;;^^.mu£Lh»ve ». motion towards thofe 


parts which are more ruefied, and lefa pandero*. 5 , to^ 
biing the whole to an equilibrium ; and as the fun 
keeps continually ftufting to the weilward, the ten- 
dency of the whole bod\ of the lowu air is lint way. 
Tiiuj* a general cailcily Wind is formed, which being, 
impicftld upon the air of a vaft ocean, tlic parts imp^ 
one another, and lo ketp moving till the next return of 
theiun, by wliich fo much of the motion as was loft, is 
again reftoicil ; and tliiis tlic eailcily Wind is made per- 
petual. But as the air tov\ards the noitli and fouth is 
lefs raieficd than in the middle, it fi Hows lhat from 
both fides it ought to tend towaids the equator. 

'riiis motion, eomponiulcd with the former eafterly 
Wind, accounts fur all the phenomena of the general 
trade- Winds, which, if tlie whole fmf.ier of the glebe 
wtie Tea, would blow (juile round the woild, as they aic 
found to do in the .Atlantic and tlic ILlhiopic oceans. 
But the Urge coiiliiK’nts of land in this middle tiart, 
being* cxccllively heated, communicate tlu’ii heat to tlm 
air above them, by which it is exceedingly larcfied, which 
makes itnecefTary that the cooler and denier air (houKi 
nidi in tow aids it, to icftoi e the cqulhbi iiim. This is 
iuppofed to be the caule wiiy, iie.u the coaft of Guinea, 
the wu'nd always fets in upon tlie land, blowing welUily 
in lie ad of caftcily. 

hiom tlic fame caufe it happens, that there are fuch 
condaiU Calms in that pail of the oce’an callcil the nrint ; 
for this traid being placed in the m^ddle^ between the 
w-eftcrly Winds blowing on the coaft of Guinea, and 
the cartel ly trade-Winds blowing lo the wUlwardof It; 
the tendency of the air heie is inddlerent to cither, and 
fo ftands in cqnilibrio between bolii ; and the weight of 
the incumbent atmofphcre being diminifticd by the con- 
tinual eontiary Winds blowing from hence, is the rca- 
fon that the air here retains not the copious vapour it 
receives, but lets it fall in fo fiequent rains. 

It is alfo to be conlldcied, that to the northward of 
the Indian ocean there is every where land, within the 
ufiial limits of the latitude of 30®, viz, Arabia, Perfia, 
Indi.i, &e, which are’ fubjeCt to cxctllivo heats wdicn 
the fun is lo the north, parting nearly vertical ; but 
which are tempei ate enougli when the fun is icmoved 
towards the otner tropic, bccaiife of a ridge of moun- 
tains at fome diftance within the land, faid lo be often 
ill winter covered with fnow', over wlricli the air as it 
palfes mull needs be much chilli d. Hence it happena 
lhat theeir coming, accordingto the general rule, out 
of the nortli-caft, to the Indian lea, is fometimes hot- 
ter, fometimes colder, than that which, by a tirciila- 
tiun of one current over anotlu r, is returned out of thp 
fouth-w'cft ; and confcquenlly fometimes the under cur- 
rent, or Wind, is from the norih-caft, foinctimcs from 
the fouth-weft. ^ 

That this has no other caufe, appears frem the timei 
when thefc Winds fet, viz, in April : when khe fun be- 
gins to warm thefe countries to 4li4;j;|^th^hc fouth- 
weft monfoons begin,, and blow dimn^^bMieats^ till 
Oaohd*, when the fun being retired, andllL things 
growing cooler northward, but the heat increaung to 
the fouth, the north-eaft Winds enter, and blow all 
the winter, till April again. And it is doubtlcfo from 
the fame principle, that to the fouthward of the eijua- 
tor, in part of the Indian ocean j the north-weft Winds 
fuccccd the fouth-caft, when the fun draws near the 
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•fropitf of Ctfmcorn. J^hilof. Tnmf. num. 183? or 
Abridj(,’ voL tf t»a. 165. 

But fomc philofoprwrs, tiot fatiiBed with Dr. Hal- 
l«y*8 theory above recited, or thinking it not fufficient 
-for explaining the various phenornena of the Wind, have 
had recourfe to another caufe, viz, the gravitation of 
the earth and its atmofphcre towards the fun and moon, 
to which the tides are confeflcdly owing. They al- 
lege that, though we cannot difeover aerial tides, of 
ebb by means of the barometer, becaufe co- 

lumns of air of unequal height, but different denfity, 
may have the fame preffure or weight ; yet the protu- 
berance in the atmofphere, which is continually fol- 
lowing the moon, mud, fay they, occafion a motion 
in all parts, and fo produce a Wind more or lefs to every 
place, which confpiring with, or being counteracted by 
the Winds ariliiig from other cauies, makes them 
greater or lefe. Several differtations to this pnrpofc 
were publifhed, on occafion of the fufbjeCt propofed by 
the Academy of Sciences at Berlin, for the year 1746. 
But Muffehenbroek will not allow that the attra^ion 
of the moon is the caufe of the general Wind j becaufe 
the call Wind does not follow the motion of the moon 
about the earth ; for in that cafe there would be more 
than 24 changes, to which it would be fubjeCl in the 
•courfe of a year, inftead of two. Introd. ad Phil. 
Nat. vol. 2, pa. 1 102. 

And Mr. Henry Eeles, conceiving that the rarefac- 
tion of the air by the fun cannot fimply be the caufe of 
all the regular and irregular motions which we find in 
the atmofphere, aferibes them to another caufe, viz, 
the afeent and defeent of vapour and exhalation, at- 
tended by the eleCtrical fire or fluid ; and on this 
principle be has endeavoured to explain at large the ge- 
neral phenomena of the weather and barometer. Philof. 
TranU vol. 49, pa. I34.» 

Laws of the ProduHion £/* Wind. 

The chief laws concerning the production of Wind, 
may be collected under the following heads. 

I. If the fpring of the air be weakened in any place 
more than in the adjoining places, a Wind will blow 
through the place where the ^minmion is } becaufe the 
left elaftic or forcible will give w'ay to that which it more 
fo, and thence induce a current of air into that 
or a Wind. Hence, becaufe the fpring of the air in- 
creafes, as the comprefling weight increafesy and com- 
preffed air is denfer than tiiat which is lefs comprefled } 
all Winds blow into rarer air, out of a place filled with 
a denfer. 

I. Therefore, becaufe a denfer air is fpecifically hca- 
Wrtban a rarer) an extraordinary li|;htncf8 of the air 
•n any plaj^ muff be attended with extraordinary 
Winds, orifforms. Now, au extraordinary fall of the 
mercury ip. the barometer .(hewing an extraordinary 
Bghtnefs thCr at^^^ifpheire, k rt no wonder if that 
itbt^cls Wino and rain. 

j.*ijp'vhe air be fijjddchly ctjindenfed in ntiy pla^ its 
^ be (oddenly dkniniflved : and hencct if this 

&iihatioD be great affe^ the barometer, a 

VhtA will blow throagh the ooadeiiffd mu fiace 
the air cannot be fuddealy condenfed* anlcfe jt bat 
been mtich vamfied ,4 Wiadtij^il through the 
ah it cools, after having beentiol&tly fieated. 


4. In tilfce msndet', fbddealy'farefled, its fpring 
is fuddenly increaftdf'apd it ufilltberefore fl6w through 
the air not aSed Oil by the rartjFying force. Hence* a 
Wind will blow out of a place, ill which the air is fudden- 
ly rarefied ; and on this principle, probably it is, that 
the fun, by rarefying the air, milft have a great influ- 
<jncc on the production of Winds; 

5. Moft caves arc foiind to emit Wind, cither more 
or lefs. Muffehenbroek has enumerated a variety of 
caufes that produce Winds, exifting in tl>c bowcU of 
the earth, on its furface, in the atmofphere, and above 
it. Sec Introd. ad Phil. Nat. vol. 2, pa. 1116. 

/), The rifing and changing of the Winds are deter- 
mined by weathercocks, placed cm the tops of high 
.buildings, &c. But thefe only indicate what pallcit 
about their own height, or near the furface of the 
earth. And Wolfius affures us, from obfervations of 
fevcral years, that the higher Winds, which drive the 
clouds, arc different from the low'cr ones, which move 
the weathercocks. Indeed it is no uncommon thing to 
fee one tier of clouds driven one way by a Wind, and 
another tier juff over the former driven the contrary 
way, by another cunentof air, and that often witu 
very dift'erent velocities. And the late experirnem'^ 
with air balloons have proved the frequent exiffcncc of 
counter Winds, or currents of air, even when it was 
not otherwife vifiblc, nor at all expeCIed ; by which 
they have been found to take very different and unex- 
pected coutfes, as they have afeended higher and higher 
in the atmofphere. 

U if' 

Laws of the Force and Velocity of Me Wind. 

Wind being only air in motion, and the motion of a 
fluid againff a body at reft, creating the fame refdhncf. 
as when the body moves with the fame velocity throu^ii 
the fluid at reft ; it follows, that the force of the Wind, 
and the laws of its aftion upon bodies, may be referreii 
tothofe of their lefiltance when moved through it ; and 
as- thefe circumllanccs have been treated pretty fully 
under the article Resistavcb of the Air^ there is no 
occafion hereto make a lepetition of them. Wetheic 
laid down both the quantity and laws of fiich a forct, 
upon bodies of different (hapes and fizes, moving with yll 
degrees of velocity up to, 2000 feel per fecond,and alio 
for planes fct at all degrees of obliquity, or inclination 
to th6 dire^ion of motion j all which circumllanccs 
having, for the firft time, been determined by real ex- 
periments. 

As to the Pelocity of the fFittd : philoA^hers have made 
ufe of various methiis for determining it^ The method 
employed by Dr. Derbam, was by lettipg Ji^t downy 
feathers fly in the aiv «nd nicely obferying the diffance 
to which they were carried in any numwr of half ic- 
conds. He lays that he thus meafured the velocity of 
the Wind in the great ftorm of ^ 

found moved 4t the rate of 33 feet in half a fccond, or 
45 miles per hour;' wbeDce 
nmff wshefocot Wind does «o€ fly at the rite of above 
50 or 6 q miles an hour | and thol mo medhim the ve- 
ioetty of Wind is at. the rate of it or i| wiletpcr hour. 
Philof; Tranf. ndlnher JTi or Abridg* 4f P* 4 V! 

life Brfee obiema noweter, that 

fomhete 4it 4^ W modi- h Ni maiWy i It 
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efvcr ga forward in a ftrajjjhtillreai'on, butfpirally, or 
frotn fnJe to fjde. or up aiwl down, 
flc there foVe confiders the motion of a cloud, by 
means of its ftiadow over the fnrface of the earth, as a 
mncK more accurate mcafurc of the velocity of the 
Wind. In this way he foun l that the Wind, in acon- 
I'ukrable ftorm, moved at the rate of near 63 iniks 
?n hour ; and when it blew a frefh gale, at the rate t>f 
21 miles hour; and in a fmall hret/e It was near 
10 miles an hour. Pliilof. Tranf. vol. 36, p. 

The velocity antf force of the Wliu) are alfo deter* 
mined experimentally by various machines, cajUde/^-* 
m^jmeUrst 'u.nnd'^ncnfw ers^ or 'luimhiijis) the defciiption 
of which fee under thefe article?. 

In the Philof. Tranl. for 1759, p. 165, hi r. Smeaton 
has given a table, communicated to him by a Mr. 
lloufe, for (hewing the force of the AVind, witJi fcveral 
dWerent velocities, v^'hlch I (hall infert below, as I 
Imd the numbers neaily agree with my own cxp.^ii* 
inents made oil the reliltancc of the air, whem tlie le- 
liding f'lrfvices arc reduced to the lame ii/e, by a due 
proportion for the refillance, which u in a higher de- 
vice than that of the lurface?. 

N. B. Tlie table of my lefults is printed in pa. Ill, 
vol *1, under the article AnIiMOMi- ti a ; wlure it is 
lobe noted, tint the numbers in the third column of 
lliMt table, ftm the vtlocily of the Wind per lour, aie 
,v;l crroiicounv printed, only tlic -|tli [>.nt of wlwt well 
of them <)«sht :o b< J fo tliat tliolc nnnibeis mult be .ill 
multiplied by 4. 

A Table of the dllTerent Velocities and Forces of tlic 
Wind, according to their common appellations. 


Velocity of the I 

Perpemli' 

• 


'iml 

cular foict 

Common appell.itions of the 

Miles 

=s feet 

foot, ill a- 

Winds. 9 

in one 

ill tuic 

verdupois 


hour. 

ipCOLld. 

pounds. 


I 

1-47 

•005 

Ha idly pcrcepiihlc. 

2 

293 

*020 

1 Juft perceptible. 

■ 3 

4*40 

•044 

4 

j '87 

•079 

j. Gentle plcafant wind. 

5 

7*33 

•123 

10 

14-67 

•492 

1 rieafant btiftc gale. 

ly 

2 2*00 

1*107 

20 

29*34 

1-968 

V^cry brill':. 

^5 

36*67 

3*075 

30 

44 * 0 * 

4*429 

1 High Winds. 

35 

40 

;aj 

6*027 
7‘«‘/3 * 

) ® 

\ Very high. 

45 

■50 

6 b 

66*01 

73*35 

88*02 

9-963 

12-300 

17*715 

A ftorm or tempeft. 

A great ftorm. 

So 

117-36 

31-490 

A luiriicanc, 

C A hurricane that tears 

ICO 

146-70 

49 * 2 ^jO 

J up trees, and carries 
\ bmWincs&O’i'f"'''’"- 


The force of the Wind is ° n'ut 

•Telocity, oy but little above it, ratio'ofllic 

the force 18. mvdi row thaa m ^hc 

Vot. 11, ' 


furfaces, with the fame velocity, and this increaic c<T' 
the ratio is the moic, as the velocity is the mojc. By 
accurate cxpciimeiils with two pUnes, the one of 1’/* 
ftpiarc inches, the other of 32, which are nearly in the 
ratio of 5 to 9, 1 found their refillancea, with a velocity 
of ;o Ice't per feeond, tube, the one fi'/) ounces, 
and the other 2*542 onuees ; whlth are in the ratio of 
8 to 17, being an incrh.ife of between \ and }• part 
more than the ratio of the fuifaets. 

WlND-Gf^r, in I’licuinatifs, an infliiimi-nt ftiving 
to determine the velocity and lorce of the Wind, bec 
An'lmome'i FR, Am MoseocL, and tbe,aitlc1e jufl 
above concerning the Force and Velocity of the Wind. 

Di*. Hales had various conliivanecs lor lhi» pnrpofc. 
He found (Statical Effavs, vol. 2, p. 326) that tic 
air inihed out of a fmitli’s belloNVi, at the ra’e of 
fcit ill a k'eoiid of time, vvlicn compulled with a lorcc 
of h.ilf a pound upon every fquare iiuh King, on tlic 
whole upper fuiface of the i;eilo\vs. 'The velocity ol 
the air, as it palled out of the tuinl of Iiis vculilylors, 
was found to be at the rate of 3000 (Vet in ajnlniite, 
whieli i.s at the Kite of 34 miles an hour, _ 'Hie f^mc 
u'Uhor fiys, that the velocity with which impelled air 
palTes out at any orilice, may be d‘ tennined bv hanging 
a light valve over the tiole ofa In liows, liy j^d'anl Ic.ilhei ii 
hinges, which will be mucb agUnted imd lifted up fioni 
a perpeii Jiculai to a nunc thin hoi i/.ont.il polilion by 
the foice of the rufluug .iir. Time is a)f(.» another moir 
accuiate way, he fa).s, of ellimaliug the vehieity of 
air, vl/, by holding the oril’ice (>f an invci ted glafs 
fiplion lull of water,’ oppofue to the ilienm ofaii, by 
which the water will be dcprcFed in one leg, and uiifed 
in the other, in proportion to the loice with whicli the 
water i'^ jmpclUd by tlic air, Delciip. of Vciilllitoi s, 
J 743 » P**^* P'crhaps gave Dr. Lind the 

Idea of his Wind-gagr , defci died below. 

M. Dougner contrived a flmple inllrnmcnt, by wliich 
may be immediately difeovered tlic foicc which the 
Wind ( xei ts on a given fui face. 'Mis is a hollow lube 
AABB (fig. H, pi 3 ^)* h‘ ^'hieh a fpiral (pimg 
CD is fixed, that may be moie 01 IcK ciunprefled by u 
lod FSD, palling through a hole \\ithiii the tube at 
A A. Then liaving obLiicd to w’liat degiec diflerent 
foices or given weights aic capable of toinpiefllng the 
fpiial, mark, divifious on the rod in futh a manner, 
that the maik at S may indicate the weight reqnilltc to 
force tliefpring into tlie lltuaticm CD : afterveauB join 
at riidit angles to tlii-; lod at F, a plane fmface CFIl of 
any given area at pleafmc ; then lit this inllrunient he 
oppofed to the Wind, fo that it may ftrike the furfacc 
pcipendicuhirly, or parallel to the rod ; then will the 
mark at S fiiew the weight to which the foice ot the 
Wind ia equivalent. 

Dr. Linil has alfo contrived a fimpk* ni\ 
ratus of this kind, nearly^ upon tlie lafi 
Hale? mentioned above. I his inflrnmcnq 
plained at the article Anemom)* 
and a figure of it given, pi. 3, fig- 4 * 

Mr. Benjamin Martin, from a hint firft fuggaKcd by 
Dr. Burton, contrived an antmofeope, or Wind-gage, 

ofacoiiaruaioalikcaWind.mil], with four fails ; but 

the axis which the fails turn, is not cylindrical, but 
conical, like the fufec of a watch ; about this fufee 
winds a cord, having a weight at the end, which li 
^ ^ ■ . wotlnQ 


I eafy appa* 
L'dea of Dr. 
^8 fully ex- 
I, pa. Ill, 
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wonn^! always^ by the force of the Wind, upon the 
* fails,'' til Wie weight juft balances that force, which will 
be at a thicker part of the fiifce when the Wind is 
llrong, and at a fmaller part of it when It Is Weaker. 
But although this inftrument (hews when a Wind 
is Wronger or weaker, it will neither (hew what is the 
a6\ual velocity of the Wind, nor yet its force upon a 
fquate foot of dire(i^ furfacc ; becaiife the fails arc fet 
at. an uncertain oblique angle to the Wind, and this 
a($ls at different diftances from the axis or centre of 
motion. Martinis Phil. Biit. vol. 2, p. 211. Seethe 
%. plate 3, vol. I. 

WiND>C««j the fame as Ar R-Gtt« j which fee. 

W iN'th-yif///, a kind of mill which receives its motion 
from the itiipulfe of the Wind. 

The internal Rrnflure of the Windmill is much the 
fame with that of watermills : the d(fierin:.c between 
them lying chiefly in’an external appaiatus, for the appli- 
cation of the power. This apparatus confifls of an axis 
EF (hg. II, pi. 36), through which pafs perpendicular 
to it, and to each other, two arms or yards, AB and 
CD, ufually about 32 feet long: on thefe yards arc 
formed a kind of fails, vanes, or flights, in a trape^id 
form, with parallel ends; ihc greater of which HI is 
about 6 feet, and the Itfs FG are determined by radii 
drawn from the centre E, to 1 and H. 

Thefe fails are to be capable of being always turned 
to the wind, to receive its impulfe : for which purpofe 
there are t\No different contrivances, whicli conftitutc 
the two different kinds of Windmills in common ufe. 

In the one, the whole machine is fupported upon a 
moveable arbor, or axis, fixed upright on a (land or 
foot ; and turned round occafionally to fuit the wind, 
by means of a lever. 

In the other, only the cover or roof of the machine, 
uith tlieaxisand fails, in like manner turns round with 
a parallel or horizontal motion. For this purpofe, the 
cover IS built turret-wife, and cncompafTed with a wooden 
j ing, ha\ ing a groove, at the bottom of which arc placed, 
.u ceitain diflanccs, a numh<?r of brafs truckles 5 and 
vv ithin the groove is another ring, upon which the whole 
tiirut (lands. To the moveable rin^ are conntded 
beams and />; and to the beam aS is faflcncA a rope 
;.t having its other end fitted to a windlafs, or axis- 
iii'i'erltrochio ; this rope being drawn through the iron 
jiook G, and the windlafs turned, the fails are moved 
rounds and fit fronting the wind, or with the axis 
pointing llralglit againft the wind. 

The internal racchanifm of a Windmill Is exhibited 
in fig. IS } where AHO is the upper room, and H^Z 
the lower one; AB the axle-tree palfiug through the 
mill ; STVW the fails covered with canvas, let ob- 
liquely to the wind, and turning round in the order of 
the letlei'S ; CD the cogwheel, having about 48 cogs 
or teeth, a See, which cany round the lantern 
EF, having Silor 9 ^rjjj^ts or rounds e, e, e, &c, to- 
gethci^ with axis GN ; IK is the upper mill- 

Sone, aodjyiS'thc lower one ; QR it the bridge, fup- 
portiug t!fe axis or ()nndl!e GN ; this bridge is fupported 
by the beams cd, XY, wedged up at r, 3 and a ; ZY 
is the lifting tree, which (lands upright ; ah and ef arc 
levCrs, whofe centres of>motion arc Z and e/ fghi is a 
coi^, witha^ilone r, going about the pins ^ and/(, and 
C^finjg as i balabce i>r counterpoife. The fpindle /N 

5 


is fixed to thc.njqjermillftodr IJC, by a piece of iroh 
called the ryndf and fixed in the lower fide Of the (lone, 
which is the only one that turns about, apd its whole 
weight refla upon a hard Hone, fixed in the bridge QR 
at N. The trundle EF, and its axis may be taktk 
away j for it refts by its ^cr part at / by a fquare 
focket, and the top runs i.n the edge of the beam -zi*, 
Bv bearing down the end /of the lever /, ^ii raifal, 
which railes ZV, and this raifes YX, which lifts up 
the brife QR, with* the axis NG, and the upper 
(lone I A; and thus thc (loncs arc fet at any diftance. 
The lower or immoveable (lone is fixed upon ftrong 
beams, and is broader than the upper one ; the flour is 
conveyed through the tunnel no into a cheft; P is the 
hopper, into_ which is put the corn, which runs through 
the fpoiit r into the hole ^ .and fo falls between the 
ftoncs, where it is ground to meal. The axis G/ is 
fquare, which (baking the fpout r, as it goes round, 
makes the corn run out ; rs is a firing going about the 
pin X, and ferving to move the fpout nearer to the axis 
or farther from it, fo as to make the com run faficr or 
flower, according to the velocity and force of the wind. 
And when the wind is ftrong, the fails arc only eovereil 
in part, or on one (idc, or perhaps only one half of 
two oppofitc fails. Toward the end B of the axletrco 
is plficcd another cogwheel, trundle, and millfioncs, 
with an apparatus like that Juft deferibed ; fo that the 
fame axis moves two Hones at once ; and when only one 
pair is to giind,^ One of the trundles and its fpindle aie 
taken out : syl is a girth of pliable wood, fixed at the 
end.v; the other end / being tied to the lever 
moveable about k ; and the end m being put down, dra\N s 
the girth xyl clofe to the cogwheel, whicli gently and 
gradually (tops the motion of the mill, when required ; 

isa ladder for afccndfng to the higher part of the 
mill; and the corn is drawn up by means of a rope, 
rolled about the axis AB, when the mill is at work. 
Sec MilI. 

7hiory vf the Windmill, Pofulon of the Saihy 

Were the fails fet fquare upon their arms or yard??, 
and perpendicular to, the axletree, or to tho wind, no 
motion would enfuc, bccaufe the! dired wind would 
keep them in an cxaA btilance. But by fetting them 
obliquely to jdic common axis, like the fails of a fmokv- 
jack, or inclined like the" rudder of a (hip, the uind, 
by ftrikingthe furfacc of tlieirt oWfqiu^, turns them 
about. Now this angle which th^ &ls^arc to make 
with their common axis, or tbe d^ee of iveaiheringt 
as the mill-wfights call it, fo as th>t the wind may 
have the greateft effe^, is a inattcl* of^nice enquiry, 
and has much occupied tht of the mathema- 

tician and the artifP. 

In examining tfie compound ^lonspf the rudder 
of a (hi[y we 4 iKlthat the mori Ipliij^rbaches to the 
direiElion of the keel, or to the courfe of the water, the 
more weakly this (Irikea it; bnt> oarthe oilier hand, 
the greater is^hciHJWcr pf the kver to turn the veffel 
about. The obliquity of the redder therefore has, at 
the fame lime, botb.'anadyintagc amf a difad vantage. 
It has been a point , of inquiry therefore to find the po- 
fitlon oflhcrudder whei^lhc ratio of the adv«ntage over 
the difadvintage is the greateft. And'jJl, Reilau, i» 

hie 
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tlteory of tic Worl^lngof fliips, has found, that the 
beft fitualioD of the rudder is wlien it makes an angle 
of about degrtei with the keel* 

The obliquity of the fails, with regard to theli- axis, 
has prccifely the fame advantage, and difadvantage, 
with the obliquity of the rudder to the keel. And M. 
Parent, fccking by the new analylia the moll advanUgc*. 
oils fituation of the fails oo the axis, finds ft the faTnc 
jrtiglc of about 55 degrees. This obliquity has Ixen 
detennined by many other mathematicians, and found 
to be more accurately 54’’ 44*, ^ See Maclaurin’s Flux- 
ions, p. 733 ; Simpfon’s rlimons, prob. 17, p. 5:1 j 
Martin’s Philof. Britan, vol i, p. j^o, vol. 2, p. 212 j 

This angle, however, is only that which gives the 
wind the greatefl; force to put the fail i:i motion, but 
not the angle which gives the force of the wind a 
maximum upon the fail when in motion ; for when the 
fail has a certain degree of velocity, it }ields to the 
wind; and then that angle muft be incrcafcd* to give 
the wind its full effedf. JVLiclanrin, in his Muxiona, 
p. 734, has fhewn how to determine this angle. 

It may be obferved, that the inneafe of tltis amde 
(hould be diflercut according to the diffeient velocitfes 
from the axletiee to the furiher txtieniity of the fail. 

At the beginning, or axis, it fhonld be 5 i** 4|.'j and 
thenee continually inertafing, giving tlic vane a tvvtif, 
and fo caufingall the ribs of the vane to lie in dilFcrent 
plane?. 

It is fartl.rr obferved, that the lihs of tlie vane or 
fail ought to decreafe in length from tlie axis to the 
extiemity, giving the \ane a eiirviliuear form; fo that 
no part of the force of any one nb be fpeiit upon the 
rtrt, but all move on independent , of each other. The 
^ twill above mentioned, and the diminution of the ribs, 
are exemplified in the wings of biuls. 

As the ends of the fail neared the axis cannot move 
with the faiVie velocity which the tips orfaithcd ends 
have, although the wind adls equally flrong upon 
tlicin both, Mr, Fergufon (Lodi, on Mech. pa, 52) 
fuggefts, that perhaps a better pofition tlian that of 
ftretching tlicm along the arms dirtdlly from the centre 
of motioB, might he, to have them fet ptrpendiculaily 
acrofs the farther ends of the arms, and there adjulkd 
lengthwife to the proper angle; for in that cafe both 
ends of the fails would move with the fame velocity ; 
and being farther from the centre of motion they would 
have fo much the more power, and then there would 
be no occaiiun for having them fu large as they are 
generally made ; which would render them lighter, 
and conl^quently there would be fo much the h(s fric- 
tion on the tliick neck of the axle, when it turns in the 
wall, 

Mr. Smeaton (PhiloC Tranf. 1759), from his ex- 
periments with Wio 4 mill fails, deduces fevcral practical 
maxims : as, 

!• That wherf the wind falls upon a coneave fur- 
face, it is an advantage to the prnver of the whol»> 
though every part, taken feparaUly, Ihould riot he 
difpofe^ to the beft advantage. By fevcral trials he 
has foun4 that the cur ved form and pofition of rhe 
fails wi|l;l)c beft regulated by the numbers in the fol- 
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- - - 16 


2. 1 hat a broader fail requires a guater angle ; and 
that when the fail is broader at the extremity, than 
near the centic, this fhape is moic advantageous than 
that ofa parallelogram* 

3. When the fails, made like fcflors of circles, 
joining at the centre or axia, filled up about 7 Sths 
of the whole ciicular fpace, llicefie6l was the gieatelb 

4. riic velocity of Windmill fails, whcilicr unloaded, 
or loaded fo as to produce a maxiimitu of efFet^f, is 
nearly as the velocity of the Wind ; their ihape and 
pofuioii being the fame. 

5. The load at the maximum is nearly, but fome- 
whiit Icfs than, ad the fqiiaie of the velocity of the 
wind. 

6. 1''1k* effctfls of the fame falls at a maximum, arc 
ncaily, but lomcwlini It Is ih m, as the cubes of the vc- 
locily of the wind. 

7. In fails ofa finiilnr finnre and jiafition, the inint- 
ber of turns in a given time, aic itciprocally as the 
radius or length of the fail. 

H. The cfFc^lf. of fails of fimilar figiiic and pofition, 
are as thcAjuart of their length. 

9. 'I’he velocity of the extremities of Dutch mills, 
as well as of the (.darged jails, in all thcii iifual po*- 
fitions, is confidtiably gicatcr than the velocity of the 
wind. 

M. Pfiient, in conruU ring what figure the fails of t 
WlndnifU fhoul.d have, to receive the gieatclt inipulfc 
from the wind, finds it to be a fedtor of an illipii«, 
vvhofc centre is that of the axitlice of the mill ; and the 
kfs lemiaxis the height of 72 feet ; as for the greater, 
it follows necefl'arily from ine rule that ciireCls the fad 
to he iuclmcd to the axis in the angle of 5:; decrees. 

On this foundation he afl’uims four fueh faiN, each 
being n quarter of an cllipfc ; whitli he fiirws will re- 
cciie all the wind, and lofc none, a« the common ones 
do. Tlufe 4 fui facts, multiplied by the lever, with 
which ilie wind aits on one of them, exprtfs the whole 
power the wind has to move the machine, or the whole 
power the nuichinehas when in motion. 

A Windmill with 6 clliplieai fails, he ihews, would 
Hill have more power thtln one with only fiVr. would 
only have the fame furface with the fo y ; fi nee the 
4 contain the whole fpacc of tl^ellipGs, * well as the 
6 , But the foict of the 6 woura than that 

of the 4, in tlic latio of -45 to 231, iT'^were de- 
fircd to have only two. fails, each bc;ing. a fcmWlipfis, 
llic furfarc would be Hill tlie fanic ; but the power 
would he dinuiiifhed b) near l-3d of that with 6 faiU J 
bccaiifc the gicnrin fsoi the ftiluis would much (bortcu 
the lover witli wlrieh the wind ails. 

The fume aiiiiior has alfo c tufidertd which form, 
ai^iong the rccl.-n^ular fails, vnU be 11. oil advantageous j 
4^-2 i, c. 
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5. e. tliat winch (Kail have the produ^l pf the fuVface 
by the lever of the wind, the greatcft. The Vefult of 
thi® enquiry ifi, that the width of the redlangufar (iiil 
fhouW l>e nearly double its length } whereas ufually the 
length is made almofl 5 titnta the width. 

The power of the mill, with four of thefe new rc^l- 
ttngular fails, M. Prueni (hews, will be to the power 
of four elliptic fails, nearly as l^to 23 ; which leaves 
A conffderabic advantage on the fide of tbc elliptic ones; 
and yet the force of the new re^angular fails will Hill 
be coufulcrably g reaterthan that of thccomnion ones. 

M. Parent aim confiders what number of the new 
fails will be rnoft advantageous ; and finds that the 
fewer the fails, the more furface there will be. but the 
power the lefs. Fauher, the power of a WindmiU 
with 6 fails is denoted by 14, that of another with 4 
will be as 13, and another with 2 fails will be denoted 
by 9. That as to the common Windmill, Its power 
Hill dimlniflies as the breadth of the falls is fmaller, In 
proportion to the length : and iticreforc the ufiial pro- 
portion of i,' to I is exceedingly difadvantagcoiis. 

WINDWARD, in Sea I.anguage, denotes any 
thing towards that point from wher^ec the wind blows, 
in refpedi of a (hip. 

W I N D W A It D. See S A I L I N G . 

Windward denotes a tide that uins agamil 
the wind. 

WINDAGE /)/ a Guv^ is the difftrence between 
the diameter of the bore of tlic gun and llic dunnctci of 
the ball. 

Hcretofoie the Windage appointed In the Englifli 
' feiviee, viz, t-aoth of the diameter of the ball, which 
has been ufed almoH from the beginning, has been far 
' toOinucb, owing perhaps to the iiril want of roundnefs 
in the ball, or to mil, foulnefs, or irrcgnlaiities in the 
bore of the gun. But lately a beginning has been made 
to diminifii the Windage, which cannot fail to be of 
' very great advantage; as the (liot will both go much 
tiucr, and have lefs room to bounce about from fide to 
fide, to the great damage of the gun ; and befidcs much 
Ids powder will ferve for the fame efTtd, as in fome 
’ cafes I or-^ the inflamed pow'der efcapes by the Windage. 
The French allowance of W indage is i-25th of the 
diameter of the ball. 

WINDIjVSS, or Windlaci, a p«irticular machine 
ufed for railing heavy weights, as guns, Hones, an- 
chors, &c. 

This is a very fimplc machine, confiHiiig only of an 
axis or.roller, iupporled horizontally at the two ends 
by two pieces of wood and a pulley ; the tw’O pieces of 
wood meet at top, being placed diagonally fo as to 
prop each ^her j and the ajiis or roller goes through 
the two pi®C9, and turns in tbhn. The pulley is faften- 
cd at tog where th^ pieces join. JLaHly, there are 
two ilavdfbr hjpej^ikes which go through the roller, 
to turn and the rope, which comes over the 

pullcvj^^,d(fwound off and on the fame. 

Windlass, in a Ship, is an inflruraent in fmall 
(hips, placed upon the deck, juft abaft the foremalt, 
it is made of a long and thick piece of timber, either 
cylindrical, or oftagonal, fitc, in form of an axlctrcc, 
placed horizontally aefofs the Ihip, a foot, or more above 
’ the deck ; and it is turned about by the help of hand* 
fpikes put into holes made for that purpofe. 


Tin's machine will purchafe dv raife much niore than 
a capftan, and that without any danger to thofe th.n 
heave; for if in heavintjthe Windlafsatwut, any of the 
handfpikes fliould happen to flip or bi:jfak, theWindlufs 
will flop of itfelf, as it does at the end of every pull 
or heave of the men, being prevented from retur'iiing by 
means of a catch that falls into notches. See fig. 1;, 
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WINDOW, q, d. wind-door^ ZT\ aperture or open- 
ing in the wall of a honfe, to admit the air and light. 

Before the ufe of glafs became general, which wag 
not till towards the end of the iztli cent my, the Win- 
dows in England feem generally to have been compofed 
of paper, oiled, both to defend it againft the weather, 
and to make it more tranfparent ; as now is fometimes 
ufed in workHiops and uufinifhed buildings. Some of 
the better fort wcie fnrnifhed with lattices of wood or 
Iheets of linen. Thefe it feems were fixed in frames, 
called capfmentay and hence our cajinunis Hill fo com- 
mon in feme of the counties. 

The chief lules with regard to WinJowsare, I. That 
they be at> few in number, 'and as moderate in diincn- 
fions, asma) be confident with other refpeds; iiiafmuch 
as all openings are ueakemngs. 

2. 1'hat they be placed at a convenient diilanec 

from tlio angles or comers of the buildings: both foi 
ilrcngth and beauty. i 

3. 'j'hat they he made- all equal one with another, 
in their lank and older ; fo th.it thofe on the nglit 
hand may anfwer to thofe on the left, and thofe nlx)\L 
be right over thofe below ; both for Hrength aud 
beauty. 

As to their dimenlions, care is to be taken, to gi''' 
them neither luoic nor lefs than is needful; regard b 
ing had to the fi/e of the looms, and of the bmlJui;:. 
I’hc apciluies of Windows in middle-iized hoiifes, lu.i^ 
be fioin 4 to 5 feet ; in the fimdler ones lefs ; and in 
huge buildings moie. And the height may be dunb!c 
their width at the leaH : but in lofty rooms, or laig« 
buildings, thc'heiglit may be a 4th, or 3d, cr luili 
their bieadih more than tlie double. 

Such arc the propoitions for Windows of the fn!'^ 
Hory ; and the brea^ith mull be the fame in the ujiixr 
itories ; but as to the height, the fccond ftory may be 
a 3d part lower than the hiH, and tlic third Hory a 4th 
part lower than the fccond. 

WINTER, one of the four feafons or quai’ters uf 
the year. 

Winter properly commences on the day when the 
fun^s diftance from the zenith of the place is thegreattlU 
or wlwn his dcclii>ation is the greateft on the contiaiy 
fide of the equator ; and it ends on the day when that 
diflance is a mean between the greateft and IcaH, or 
when he next croffes the cquino^ial. 

At and near the equator, the Winter, as well as ih? 
other fcafoHS, return twice eveVy year; but all oilxr 
places have only. one Winter in the year ; which in the 
northern hemifphere begins when the fun is in the tropic 
of Capricorn, and in the fouthern hcmifphere when he 
is in the tropic of Cancer : fo that all places in the 
fame hcmifphere have their WinteVat the fame time. 

Notwithftanding the toldncfs of this feafon it 
proved fii aftronomy, that the funis rtally nearer to the 
earth in our Winter than in fummer : the rwfon of the 

dcfc^i 
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being mag to the lowiicfe of the fun, 
or fo the obJjWty of b« rays. 

WOLFF, Wot^Fius^ <C.KajsTiAN), baron of the 
Roman empire, pfiyy cpunftUor to the king of PruOia, 
audxhanccllor to the i^nivcrfity of Halle m Saxony, al 
well as member of many, of the liteiary academics in 
Europe, washorn at BreHuu in 1679. After hudyincr 
philoiophy and in?ithcmaUcs at Breflau /and Jena, he 
obtained permifTion to give Icetiirea at Ltiphe ; which, 

in i‘;o3, he opened with a diffcital urn cancd7’^7^y^/>^rt 

Fratlkd UntVdrfalis^ MHhoda Malhcmatica conjeripta^ 
which ferved gieatly to enhance the repiuation of his 
taknts. He publilhed two otlRr diifertations the fame 
year ; the fir{l Ds Roth DetUatis^ the other jje 
rithmo Ivjinitefnnal't Dlffa'cntiall ; wliich obtained him 
the honourable appellation of Afliilant to the Faculty 
of hhilofophy at Lciplic, 

He now accepted the pvofeflbi (hip of mathematics 
at Halle, and was eledfed into the fociety at Lcipfic, 
at that lime engaged in piibldhiag the AdaEruditoninu 
After having inferted in this woik many important 
pieces relating to mathematics and jjhyljcs, he under- 
took, in I7<^9» ICvich all the vaiious branches of 
pliilofophy, beginning wltli a finaH Logical treatife 
in Latin, being Thoughts on the Powers of the Human 
Underftanding. Pie cairied hiinLlf through thefe 
great purfuits with amazing allidulty and aulour; the 
king of Prufii.i rewarded him with the oflice of conn* 
fellorto the court in 1721, and augmented the profits 
of that poll by very conficierable nppoiritmcnts : he was 
alfo choftn a member of tlic Royal iiuciety of London 
and of PrulTu. 

In the midll of all this profpciity however, WoUT 
raifed an ccclefiallical ilorm againll hitnfelf, by a Latin 
oration he delivered in piailcot life Chinefe pliilofophy: 
every pulpit immediately refounded againll his tenets ; 
and the faculty of theolopy, wlio cnteied into a lliidt 
examination of his produtljons, refolving that the doc- 
tiinc he tauglit was dangerous to the lall degree, an 
order was obtained in 1723 for dilplacing him, and 
commanding him to leave Halle in 2 4 hours 

WoliTnow retired to Callel, wheie he obtained the 
profcfl’oi (liip of mathernatles and })htlofophy in the 
univerfi-ly of Marbonrg, with the title of Counfcllor to 
the Landgrave of Htlfe ^ to whieli a profitable pcnllon 
was annexed. Here he renewed his Jabouis with ic- 
donbled ardour ; and, it was in this retreat thathepub- 
li filed the greatcll part of his numerous works. 

In 1723, he w:a3 declared an honorary profeffor of 
the academy of fcieiiccs at Pcterlburg, and in 1733 
was admitted into that of Paris, 'J'hc king of Sweden 
alfo deejaved him ope of the council of regency ; but 
the plcafing fituation of his iicvv abode, and tlic multi- 
lude of honours which he. bad received, were too-allur- 
ing to permit him to accept of many advantageous 
ofiers ; among which was the office of prefident of the 
academy at Fctcifburg. 

The kin^ of Pruiha.too, who was now recovered 
from the prejudices he liad been made to conceive againll 
Wolff, wanted to re-cllablilh him in the univerfity of 
Halle in J 733,, and made another attempt to effect it in 
*739; whiti Wolff for a time thought^fit to decline, 
bat at Jail fubmitted ; he returned therefore in 174H 
iavefted with the charailers of privy counfcllor, vice 
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chincellor, and profcITor of the hw of nature and of 
nations. The king afterwards, upon a vacancy, t-ai fed 
him to the dignity cf chancellor of the *uh;vtrfiiv ; 
and the elector of Bavaria created him a baron of the 


He died at Halle in Saxony, ^ the g<int in 
his uomach, in 1 7 54, in the 76th year of his age, 
after a life filled up with a train of atTons as wife and 
f> ftcmatical as his wiitlngs, of which he tompofed in 
Litin and Geiman more tliaii 60 dirtlnc't pieces, ’i’iit; 
chief of his mathematical compoiiiions, is Ills Klcmcrt . 
Matht'jcos Univp'ftCf the bell edition of which ia that 
of 1732 at Geneva, in ^ vols 410; which does iibt 
liowever compiifc his Mathematical DicHionary in the 
German langi:a;;e, in i vol. 8vo, ndr many other dif. 
tincSl woiks on difierent branches of llic nmlhcmatics, 
fior Ills Syllcm of Philofopliy, in 23 vols. in jto. 

WORKING to V/inJzvai'ily in Sea Language, is 
the operation by wliitli a fliip cndcavoms to make a 
progrefs agaiiiA. the wind. 

WKEN (Sir CuaisroPHhR), a great philofoplier 
and mathematician, and one of the tnofl learnt d and 
cniinttu arcliiteifls of his age, was tlic fon of the itv. 
ChiKlophcr Wicn,. dean of Windfor, and was horn at 
Kuo)lc in \yiltlhirc Iir 1632. He find led at Wad ham 
college, Oxford ; where lie took the degree of mailer 
of aits ia 1653, and war, chofen fellow of Alllonl!, col- 
lege there. Soon after, lie became one of tliat ingeni- 
ous and learned fixiety, who then met at Oxford for 
thcimpnivcment of natural andcxpcilmental pliilofophy, 
and which at length produced the Royal Society. 

When very young, he diTcovcnd a finprifing genius 
for the mathenvitics, in which fciencc he made great 
advances hdoit he was 16 years of age. — In 1^57 he 
was made profcllor of allronomy in Cirelham eol'ege, 
London ; and his Icdures, whicli were imic.h fiequeiit- 
ed, tended greatly to the promotion of real knowledge; 
in his iiJiUigural oiatidn, among other tilings, lie pro- 
poled fcvcral metliods by’ which to nceomit f(>r the Iha- 
dovvf, reluming backwaid 10 degietson tlie dial of king 
Ahaz, by the laws of nature. One lubjci^t of his lec- 
tures was 114011 lelcfeopes, to the in.piovcment of wliieli 
he had gredly coin 1 ibuteti ; a.iothcr rvns on leitain 
pioperties of the air, and the barometer. In theyrar 
1658 he read a dtfciiption of the body and ililhrent 
phafes of the {daiiet iSr.linn; whiih lubjcA he pio- 
pofed to irKefiigulc while his colleague, Mu Kooke, 
then piofellbr of jjeonictiy, was caiiying on his ob- 
feivaliiiiis upon llie f.itellite 5 of Jupiter. The fame 
year he eoinmiinieated foinc deinoiillrations conctining 
cycloids to Dr. Wallis, which were afterw’ards publillKd 
by the dohlor at the cud of his treatife upon that fub- 
jedl. About that time alfo, he rtfolved the problem 
propofed by Pafeal, under the feigned ^ame of John 
de Montford, to all the Englifii matlieiiaticians ; and 
returned another to the mathematicians il France, for- 
merly propofed by Kepler, rely ved likewife 

by himfclL to which they never gavVo*^ fedation. — 
Jn 1660, he invented a method for the ceWjjji^lion of 
lolar cclipfcs ; and in ilie latter part of the, fame year, 
be with ten other gentlemen formed ibcmfclves -into at 
fociety, to meet weekly, for the improvement of natu- 
ral and experimental philofophy ; being the foundation 
of the Royal Society. — In the beginning of 1661, he 
was Hiofen Savilian profeffvr of allfonomy at Oxford, 
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\p the TOom of Dr. $eth ^Vardj he vwilthe f?mc 
* yeir'<mte 4 DWtir-of^ii^ ’ / i. ‘ ' 

, his ^^ho; ^codaulti^entii Dr. Wren had 

g^ned £p coutidevah'e a ikill m architeOure, that he 
was fent for the fame ycar» ftom Oxfurd* by order of 
king Cbarl[^ the ad, to aflKl Sir John Denha^, ftir- 
ve>(»r general of the works.— In ^66^, he was chofen 
fellow of the Royal Society ; being one of thofe who 
were iird appointed by the Council after the grant of 
their charter. Not long after, it being eipefted that 
the king would make the focietv a vifit, the lord 
Bjounkcr, then prefident, by a letter requefted the 
advice of Dr. Wren, concerning the experiments 
which might be moll proper on that occaiion : to whom 
the do6lor recommended principally the Torricellian 
experiment, andthe weather needle, as being 'not 
mere amufements, but nfefuli and alfo neat ' in their 
operation. Indeed upon many occaHoas Dr. Wren did 
great honour to that illulrious body, by many curious 
and ufefiildircoverici, in ailiouomj, natural phiiofophy, 
and other fcienccs> rclaied in the Hillory of the Royal 
Society, where Dr. Sprat lias inferted them from the 
regiflers and other books of the foeiety to 1665. Among 
othcr&of his ‘produ£lions there eRumerated, is a lunar 
globe i reprefen^g the fpots and various degrees of 
whitenefs upotUnemopn’sfiirface, with the hdls, emi- 
nences and cavities i the whole contrived fo, that by 
turning it round to the hght, it fhews all ilte lunar 
pliafc?,. with the various appearances that happen from 
the ihadows of the mountains and valleys, h.c : this 
lunar model, was placed in the king’s cabinet. Another 
of thefe productions, is a trad on the Dodrine of 
Motion that arifea from the imparl between two bo- 
dies, illuAratedby experiments*^ And a third is, The 
HiAoryof the Seafons, as to the temperature, wea- 
ther, pioduAiops, difeafts, &c, 6 a:* For which pur- 
pi'fc he contrived many curious machines, fevenil of 
which kepc their own regiilers, tracing out the lines of 
variations, fo that a perion might know wLat changes 
the wi^atlKr.had undergone in bis abfence; as wind- 
gagcf, thermometers, barometers, hygrometers, rain- 
gages, &c.— He made alfo great additions to the new 
dllcovcries on pendulums; and among other things 
fhewed, that thctc may be produced a natural Aandard 
for meafurc from the pendulum for common ufe.— He 
invented many ways to make aAroiiomical obfervations 
more cafy and acciu*atc ; He fitted and hung qua- 
drants, fextants, and ladii more commodioufly than ‘ 
foimcrly; ie made two telcfcopcs to open with a 
joint like a frilor, by viliich obl’cmrs may infallibly 
lake a ddlanec to half minutes, &c. He made many 
furls of rctCF, fetews, and other devices, for improving 
telcfcopcs to take fmall diAanccs, and nrpi’.rcnt diame- 
teis, to fec/ids: He made f-perturei ior taking in 
mcire or kffsplght, as the obfervrrplcnks, by opening 
and fhuttirl-, the better to fit glaffcs for crcpuiculine 
obfervarioni— much to the theory of diop- 
trics; nujMo the manufaiSlure of grinding good 
gMcs^i^' attempted, and not withbut fucctfs, the 
miking ofgiafTcspf other forms than fphcrical Hd exactly 
tr.gkfdrtd and delineated the fphct'es of the homodrtol • 
ihe eye, the proportions of which to one another were 
ocly^gucflcd at before : a difcnflion fhew'in^ the feafbns * Kim 
v fee objedts ^rc^> and that refleftion cottdufcta As to his architcdural works : 


exactly an- 


fwered ewy demphAratd all 

dioptrics in pw|sbftffbn!ry not only, as in 


Kepler*! Wdptrici, tbe common j)fopertie8 of 'glaflei' 

but thit proporribnS by which the individual rays cut 
theaXis, and each Othitr,’ upon which the charges of 
the tclefcopcs, or the proporttbrf of the cye-glaffcs 
and apertUrV#, are demonllrably difeovered.— He made 
conftapt' obfervations oh Saturn, and a true theory of 
that planet,. before the printed difeomTe by Huygens, 
on ^that fubjefti appeared.— He made maps of the 
Pleiades and other telefcopic flars ; and propofed me- 
thods to determine the great queftion as to the earth’s 
motion or rtft, by the miall ftars about the pole to be 
fren In large telcfcopcs — -In navigation he made many 
Improvements. Iw ftamed a magnetical terella, wIu'lIi 
he placed in themidft ofa plane board with a hole, into 
which the teiella is half immcrftd, till it be like a globe 
with the poles in the horizon : the plane is then dulled 
over with Aed flings from a lieve ; the diif , by the 
magnetical virtue, bccomts immediately fguied into fji- 
row’s that bend like a fort of helix, pvoceCdingas it were 
out at one pole, and returning in by the other ; the 
whole plane becoming figured like the circles of a jila. 
mfphere.— It being a qucllion in his time among the 
problems of navigation, to what mechanical pinurs 
failing agai'hft the wdnd was leducihlc ; he fhewed it t.> 
be a wedge; atid he demonftrated, how a tranriciit 
force upon an oblique plane would enufe the motion of 
the plane againft the fird mover ; and he made an in- 
Aiument mechanically prodiicnng the fame effedd, and 
fiew'cd the reafon of failing on all winds. ' The geome- 
trical mcchanifm of rowing, he fhcwul to be a levtr on 
a moving or cedent fulcrum : for this end, lie nuido 
iuArumenti and experiments, to find the rcfiAanto 
to motion in a liquid medium ; with other things that 
are the necefary elcmchts for lajing down the geomctiy 
of failing, fwi mm ing^ rowing, flying, and conllnict- 
ing of (hips— He“ invented a vlry tpeedy and curious 
way of etching. He farted many things towards the 
emendation of watef-vVorks. Hc likewifc made fomc 
inAniment! for refpiration, and for llrainingihc breath 
from fuliginous vapoiirs, to try whether the lame breath, 
fo purified, will fcr\T again.— He was the firll inventor 
of drawingpidures by mlcrofcopical ^lafles. He found 
out perpetual, or at Iwft longliwd bmps, for keeping 
a perpetual fcgullnr h?at, m order to vafioii? ufes, .h 
hatching of eggs and 'irifcdls, prodbdion of planH, 
chemical prepurstion^i imitatinAaiuVc in producing 
foflila and mineralsi keeping tn^ filbilbn of watches 
equal, for the longhud^fantl agronomical ufrs. — He w.is 
the firAauthbror th^ anatomical experiment of inject- 
jng liauor into the ircihs of animals. By this opera* 
tion, divers creatures were immediately purged, v<»- 
mlicd, intoxicafed, killed, ' or revived, according to 
the quality of tlic liquor irijefled. Hence arofe mairy 
other new c?(pcriments, particularly that of tiansfu- 
’ fing blood, which has been profccutCd in fundry cu- 
flow Inftancesi This is a fhort account of the princi- 
pal difeoveries Which iDrVWren pt^fented, or fug* 
Kfied, to the Royal Society, of were irtipiovtd by 

niiVk ‘ . I . ' / 

It has before been 

* obferved 
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cal works tUer^, whoi 1)4 nriadc many «fefirf"oWef«* and d ' l Po<ll‘“inous works 

tlons. Upon liis return home, he y,J»Sui tcZ "wWht ?F ''-• 

fca, and one erf the commiffioners for renairinp St » "oled Knglidi matlicma. 

Paul’s cathedtal. Within a few days afteTX of ‘ "» »>>« la«er pa.f of the ,6,h 

London ,666..he dre-w a plan Jr fnew 0 ^; a.^ ye 

preftnted it to the king; bat it was not annr.w L J i?* coutempoKu-y with Mr. Brlirfri. 

ed of by the parliament. In this model, the^^chllf Warithras.*XT*‘l t“'‘ ’’f' 
ftreets were to crofs each other at rirfit antdes, with h.sdesir^H^ publidied before 

IclTer ftreets between them j tlie churchy, lienf .-ip-:! 


ItfTer ftreets baween them , the ckurches. public 
bmldmgs, &c, fo dirpofed as not to interfere with 
the ftreets, and four piazzas placed at proper cllf. 
tanceSa^Upon the death of Sir John Denham, in 
1668, he fucccedcd him in the office of furveyor- 
general of the king'a works; and iVom this time he 
liad the dircftion of a great many public cJiTilcs, by 
^Jhlch he acquired the higheft reputation. H.- built 
the magnificent theatre at Oxford, St. Pan Ps cathe- 
dral. the Monument, the mcKlern part of Hampton 

'vings of Green- 
wich hofpital, the churclu’S of Si. Stephen Waibrook, 
and St, Mary-lc-bow, with upwards of Co other 
clinrches and public works, which that dic.idful fire 
m?dc neceffary. In the management of which bufi. 
nefs, he vyas aflifted in the meafurements, and laying 
mit of private property, by the ingenious Dr. Robert 
Hook. The variety of bufinefs in which he was by 
this means engaged, requiring his conftant attendance 
^id concern, he refigncd his Savilian i)rofefrorfhip at 
Oxford in JS73 ; and the year following he received 
from the king the honour of knighthood. — He was 
one of the commiffioners who, on the motion of Sir 
Jonas Moore, fuiveyor-geneial of the ordnance, had 
been appointed to find out a proper place for eredting 
an obferkatory; and lie propofed Greenwich, which 
was approved of; the foundation ftone of which was 
ia.d the lojh^ of Auguft 1675, and the building was 
prefently finiihcd under the diiedion of Sir Jonas, 

" ith the advice aqd affiftance of Sir Chrifiopber. 

In 1680 he was chofen prelldent of the RoyalSg- 
architcA and commiflioncr 
u kheTfca-^ol|eg€ ; , aijd, in 1684, principal officer or 
com pt roll<;F‘or tlffi works ip W jpdfor-caftle. Sir Chri fto- 
plicr la t twice, in rarlianicnt, ps a reprefentative for two 
i itteicht. boroughs, ^ ^ vyhile he continued fiirveyor-geoc- 
fa*! his refidencq was m Scotland-yard ; but after his 
that oftcc, in 1718,. he lived in St. 
James s-ftre^t, Wcftmipftcr. H? died the 25th of 
cebruary,i; 23 ^ a|t 9,4 years of age^ and he was in- 
Ipfemnity la St. Raul’s cathedral, in 
A ihc foud^ kying of the choir, near the 

Olid. ‘ ' ’ * 

I perTon, §ir Cliri/lpnher Wren was of a 

low A*' e'*' t . . 


« IS' '‘•“7 "1C imnrovc- 

memoirfnfT^''^’*'" following 

memoirs of him are tranflaicd from a Latin paper in 
vi7 Trr ^ ^‘invile and C^iua college in Cambndge, 

V ; Dnidon, Kdvv.w(i 

V ^ flit of Gaivtfton m Norfolk,' foimerly a /tliow of 

nnlfr^ refpeaed by all for the integrity 

and fiinpficity of his manners, and alfo famous for his 
Ikill III the mathematical fciences : fo tliat he was not 
imdeferycdly flylcd a moft excellent matlienutician by 
Richard Hackluyt, the author of an original rreati«c 
ot our Eiighni navigatioue. What knowledge lie had 
acquired in the fciciicc of mechanics, and how nfcfiillr 
he employed that knowledge to the public as well us 
private advantage, abundantly appear both from the 
wni.ngs he publiffied, and from the many mechanical 
operations ft.ll extant, whicli are (landing monuments 
ot his great indufiry and ingenuity. He was the fiiil 
undertaker of that difficult but iifeful w*ork, by which 
a little river is brought fmm the U)wn of Ware in a 
new canal, to fupply the city of London with water ; 
but by the tricks of others he was hindered from com- 
pleting the work he fuid begun. He was excellent 
both in contrivance and exccuiiun, nor was he inferior 
to the moft Ingenious mechanic in the making of u. 
llruinems, either of brafs or any other matter. '1\> 
his invention is owing whatever advantage Hondius’s 
geographical charts have above others; for it was 
Wright who taught Jodocus Hondius the method of 
cniiftructlng them, which was lill tlien unknown ; but ’ 
the ungrateful Uondiiis concealed the name of (he 
true author, and ai iogated the glory of the invtntick 
to himfclf. Of this haudulcnt prai^lice the good man 
could not help complaining, and jiifily cnougdi, in the 
preface to his trcatife of the Corredion of Errors in 
tlic Alt of Navigation ; which he compofed with ex- 
cellent judgment, ainl after long experience, to the 
great advancement of naval affairs. Lor the improve- 
ment of this art he was appointed mathematical Icdurer 
by the Eaft-lndia Company, and read Icdurcs in the 
houfe of that worthy knight Sir Thomas Smith, for 
which he had a yearly falary of 50 pounds. This 
office he difeharged with great reputation, Vnd mtich 
to the fatisfiidioD of his hcareri. He puwi/hcd in 
Engliffi a book on the dodrine of the fphere,iand av 6 - 


as a ' ^fidcs his peculiar eminence While be was yet a fellow of tbit college, be could 

ext veij not be coBCeaM in his private lliidy, but was called 

*** fcicnces, and cfpccially in forth to the public bufinclsof the nation, by the queen 

i V . about tbe year 1^93. [Other accounti fay i <8 q.1 

K vorittoplicr never printed any thing himfeJf, but He was ordcicd to attend the carl of Cumberland in 
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fome Rwritim^ , 0 m pfjtbjc He has giren 

a fhirtffwT account of; te tht ijiintrtcif of a journal or 
cphcfn^dVto iS’hlch be has prefixed ^n elegant hydro- 
graphical chart of his own contrivance. A little be- 
tore his death he employed himftlf about an Eftgliih 
tranflation of the book of logarithrus, then lately dif- 
covered by lord Napi<r, a Scotchman, wlm had a great 
affodtion for him, T hifl pofthumoua work of his' was 
puhlifhed foon after, by his only fon. Samuel Wright^ 
who was alfo a fcholar of this college. He had form- 
ed many other iifcfnl deligns, but was hindered by death 
Irom bringing them to pcrfcdlion. Of him it may 
truly be laid, tlrat he lludied more to ferve the puhhc 
than liimfclf ; and though he was rich in fame, and in 
ll)C promifes of the great, yet he died poor, to the 
icandal of an ungtatef^ul age/* So far the memoir; 
other particulars concerning him, are as follow, 

Mr. Wright firft difeovered the true way of dividing 
tlic meiidian line, according to wdiich the Mercatoi’s 
cliarts are conftrudted, and upon which Mcrcator*8 
failing is founded. An account of this he fent from 
Cains coUege, Cambridge, where he was then a fellow', 
to his fi lend Mr. Blondeville, containing a fliort table 
for that purpofe, wdlh a fpccimcn of a chait fo di- 
vided, together with the manner of dividing it. All 
vvliich Blondeville publifiied, in 1594* among his Ex- 
creif.'S. And, in 1597, the reverend Mr, AVilHam 
iiarlowe, in his Navigator*8 Supply, gave a demon- 
Ibatlon of thlsdivilion aa communicated by a friend. 

At length, in 1^99, Mr. Wright himfelf printed 
Ilia celebrated treat ife, Entitled, 7 / 6 ^ CorrcRm of certain 
Errois in Navigation^ which had been written many 
years before ; where he (hews the reafon of this divi- 
fion of the meridian, the manner of conftruding his 
table, and its ufes in navigation, with other improve- 
ments, In 1610 a fecond edition of Mr. Wright *s 
book was publi/hfd, and dedicated to his royal pupil, 
prince Henry ; in which the author inferted farther 
improvements ; particularly he propofed an excellent 
way of determining the magnitude of the earth ; at 
the fame time recommending very judicioufly, the 
making our common meafure? in fome certain propor- 
tion to that of a degree on its furface, that they might 


not depend, ow^.f'be uncotaiu length <rf,« barW-corn. 
Somebt b?l of , 

Latitudes for dividing as far 

as fo minutes j An' mtl^bimcot, bVeafltf the Sea-ringi, 
by which the Viriat?6n of the^com^ft, the altitude of 
the fpn; Jtpd tHe time bf the dhy;' may be readily de- 
termined 'kfbnh'e in' any place, prdvided cKe latitude be 
knotVn llie' coiTe6ting of the^rtors afiftng from the 
eccentricity of the eye in obfei^Itig by' the crofs-llafF : 
A tdful aVneheimenf:' ib the Tables of the declinations 
andjjiees-of the ftin^nd ftars, from bis owrt bhferva- 
tions, mad^ tfith a lix-foot ^ quadrant, in the ytan 
1 J94, 95, 96, ^ ; A fea-quadrant, to take altitudes 
by a fot'A'ard or ’backward obfcrva'tion ; having allb a 
contrivance for the ready finding” the latitude by the 
height of the pole-ftar, when not upon the meridian. 
And that this Book ’k%ht be the better iiudcrltood by 
begtnn'ers, to this edition is fubjoirJed a tranfiation of Za. 
moi-ano’s Compendium ; and added a large table of the 
variation 0^ the compafs as obferved in very different 
parts of the world, to fiiew it is not occafioned by any 
niagnctlcal pole. The work has gone through feveral 
other editions fince. And, btfide the bcxiks above 
mentioned, he wrote another 011 navigation, inlitled. 
The Havenfn^ing Art, Other accounts of him fav 
allb, that I’t was in the yKar 1589 tliat he llrft began to 
attend the earl of Cumberland in his voyages, ft is 
alfo faid that he made, for his pupil, prince Henry, a 
large fphere with curious movements, which, by the 
help of fpiing-woik, not only reprefented the motions 
of the whole cclellial fphere, but fhewed likewife tlie 
particular fyftems of the fun and moon, and their cir- 
cular motions, together with their places and polfibili- 
ties of ccHpfing each other : theic Is in It a w’oik for a 
motion of 17100 years, if it fhould not be fiopt, or 
the materials fail. This fphere, though thus made at a 
great cxpencc of money and ingenious Indullry, un; 
afterwards in the tiuie of the civil wars call afi lc, 
among dull and ruhbifh, where it was found, in the 
year 1646, by Sir Jonas Moore, who at his own ex- 
pence reftored it to ils firft ftate of perfe£lIon, and de- 
pofited it at his own houfc in the Tower, among his 
otlrer mathematical inftrumciits and curiofitics. 


X. 


-X E N 

X XWli^RATES, an eminent philofophct among 
the ancient Greeks, >va 8 bom at Chalccdon, aod 
died 314 years before Chrifi, at about 9P yearaof age. 
He became early a difciplc of Plato, Haying under 
this great matter at the fame time with Arittotlc, 
though he was not pottel&d of equal talents ; the for^ 


X E N 

mer wantipg a fpur, and the latter a bridle. He 
fond of , the mathematics ; and permitted none 01 J * 
fcholars,to be ignorant of them. There was fomctmng 
flovenly in the behaviour of Xe^rates ; for whicn 
reafon Plato frequently exhorted him to facrifice to the 
graces. Serioufneft and feveritj were always hicn »n h‘* 
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deportment fv ikrtwithftanding this fevere caft of 
jnindy he was very compaffionate. There was fome- 
thing extraordinary in the re^kitude of his morals: he 
was abfolute matter of his paflions ; and was nut fond 
of pleafurc, riches, orapplaufe. Indeed, fo great was 
his reputation for fincerity and probity, that he was the 
only perfon whom the magillrates of Athens dilpenfed 
from confirming his teftimony with an oath. And 
yet he was fo ill treated by them, as to be fold becanfc 
he could not pay the poll-tax laid upon foreigner?, De- 
metrius Phdlereus bought Xenocratet., paid the debt to 
the Athenians, and immediately gave him his hbcity. 
At Alexander’s requett, he compoled a treatilc on the 
Art of Reigning; 6 books on Nature; 6 books on 
Philofophy ; one on Riches, &e ; birt nunc ol them 
have come down to thefe times : — His theology it leems 
was but [X)or ftufl : Cicero refutes him in the hill book 
of the Nature of the Gods. 

XENOPHANES, a Greek philofophcr,- born in 
Colophon, was, according to fome autliors, the difciple 
of Arthelaus; in wdiich cafe he mull ln\c hetn con- 
temporary with Socrates. Others relate, that he taught 
himfelf all he knew, and that he lived at the iamc time 
with Anaximander : according to which account he 
mutt have flour iflied before Socrates, and about the 
60th Olympiad, as Diogenes Laertius afRims. He 
founded the Eleatic fe<ft ; and wrote fevcial poems on 
philofophicalfubjcda ; as alfo a great many on the foun- 
dation of Colophoiv and on that of the colony oi Elea. 
He wrote alfo againtt Homer and Hefrod. He w'as ba- 
niflred from his country, withdrew to Sicily, and lived 
in Zanche and Ctitana. His opinion with regard^ to 
the nature of God differs not much, from that of Spi- 
noza.— -When he faw the Egyptians pour forth lamen- 
tations during their feftivals, he thus, adviled them : 
** If the obje^ls of your worfhip arc Gods, do not 


weep; if they are men, offer not facrificcs to them.” 
The aiifvvet he made to a man with whom he ref^ufed 
to play at dice, is highly worthy of 4 phdofopher : 
'I'his man cadlmg 'him a coward, “Yes, replied he, I 
am cxctfrively lowiih regaid to all lhameful adllons.” 

XENOPHON, a cHchuted (betk gentral, philo- 
fupliei, and liifloiiaii, w.isbotn at Alliens, and became 
early a dilciph' of Soci-atis, wlio, fays Sliabo, faved- 
Inu life in battle. About the ^olh ) tar of his age he 
engaged in tire exjjedition of C\in8, and nccomplilhcd 
hit. immortal rUrc.it in tirt Ip.itc rrf r^ months. The 
jcaloiifyof the Athtiriaub banilhtd him from his native 
city, for engaging in the fervire of Sparta and Cyrus, 
OiihisiTimn thciefoie he retired to Sirllus, a town 
t)f Elis, where Ire briilt d ttmple to Diana, which 
he rnentiont, in hn» cpilllcs, and devoted Iris Iclfure to 
phrhdopliy and ririal Iporia. Put commotions arinng 
in that coirntiy, he removed to Corinth, where it feemi 
he wrote lus Grecian Hillory, and ditd at the age of 
ijOy in tire year 3^0 hefore Chrlll, 

By his wife Philelia be had two Tons, Diodorus and 
Gtyllus. The latter rendered himfilf iinmortal by 
killing Epamlnondts in the fdnu>\i8 battle of Man- 
tinea, but perlfhcd in thai exploit, whicb his father 
li\td to record. 

The bell editions of bis works air tbofc of Franck- 
foit in 1674, and of Oxford, In Greek and Latin, in 
105, 5 vtrJs. 8vo. Separately haviv been piibhllud 
his Cyiopccduiy Oxon. 1727, 410, and 1736, Hvo. 
Cyri /Inabafts, Oxon. 173*), 4to, and I 747, 8vo. Me- 
morabiha SocraltSy Oxon. 1741, Hvo.— His C)Tof>tc(lia 
has been admirably tranflated into Englittr by Spelnian. 

XIPHIAS, In AAronorny, is the Dorado or Sword- 
fifli, a conllcllation of the fouthern hcmifphere ; being 
one of the new conflellatlons added by modern allro* 
nomers ; and confilUng of 6 liars only. See Dorado. 



YEA 

Y ard,, a llncal meafure, or meafure of Icnglli, 
ufed ifl England and Spain cliiefly to meafure 
'-'loth, The Yard was fettled by Henry the 

ift, from the length of his own arm. . , • 

The Enghfli Yard contains 3 feet ; and it la equal 
to 4-5th8 of the Engllfli ell, 
to y-qths of the Pans ell, 
to 4-3d9 of the Flcmitti ell, 
to c6.cifti of the Spanllh vara or Yard. 
YARD,or Yard, is alfo a popular name given 

to the 3 ftars whi^i compofe the belt of O non. 

YEAR, in the “full extent of the word, is a fyftem 
or cycle of fcvcral months, ufually 12. Others define 
Year, fn the general, a period or fpacc of ’ 

flared but by the revolution of feme cclcllial bo y 

VoL. 11/ 


YEA 

its oihif. Thus, the time in which the fixed Ibirs 
make a revolution, is calJetl tire gfcut aiid the 

times in which Jupiter, Satuin, the Sun, MottO, &c, 
complete tlicir courfes, and return to the^.mre point of 
the zodiac, are rtfpeaively called the of Ju- 

pitcr, and Saturn, and the Solar, and Luna t Years, &c. 

As Year denoted originally ^-^-crohitiHi, and was 
not limited to that of the lun ; a<co?dir^§ly we find 
by the oldeft accounts, that people liAve, av ^ffereut 
times, cxprelfed other revolutions by it,- particularly 
that of the moon : and confequeiUly th.it the Years of 
fome accounts, arc to be rcckoiKrd only months^ and 
fometimes periods of 2, or 3, or 4 mouths. This 
will help u9 greatly in underftandmg the accounts that 
certain nations give of tlnir own antiquity, and per- 
4 X 
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^apa^f the of men. We rend^exprefalf, in feve* 
rfil of the old Greek writers, that the Egyptian Year, 
at one period, was only a month ; and wc arc farther 
told that at other periods it was 3 months, or 4 
months : alid it is probable that the children of Ifrael 
followed the F^^yptian account ‘of their Years. The 
Egyptians talked, almoll 2COO years ago, of having 
accounts of events 48 tlioufand Years diftance. A 
great dial mult be allowed to fallacy, on the above ac- 
count ; but bcfide this, the Egyptians had, in the time 
of the Greeks, the fame ambition which the Chinefe 
have at prefent, and wanted to pafs themfclvcs upon 
that people, as thefe others do upon ua, for the oldcft 
inhabitants of the earth. They had recourfe alfo to 
the fame means, and both the prefent and the early ira- 
oflors have pretended to ancient obfervations of the 
eiivenly bodies, and recounted eclipfes in particular, 
to vouch for the truth of their accounts. Since the 
time in which the folar Year, or period of the earth^s 
revolution round the fun, has been received, we may 
account with, certainty ; but for thofe remote ages, in 
which we do not know of a_certaintv what is meant by 
the reim Year, it is impoflible to form any conjedurc 
of the duration of time in the accounts. The Baby- 
lonians pretend to an antiquity of the fame romantic 
kind ; they talk of 47 thoufahd Years in which they 
had kept obfervations; but wc may judge of thefc as 
of the others, and of the obfervations as of the Ycais. 
The Egyptians fpeak of the ftars having four times al- 
tered their courfes in that period which they claim for 
their hillory, and that the fim fet twice in the eaft. 
They were not fuch perfect aftronomers, but, after a 
round-about voyage, they might perhaps millake the 
eaft for the^weft when they came in again. 

Year, or Solar Year, properly, and by way of 
eminence fo called, is the fpace of time in which the 
lun moves through the I2 figns of the ecliptic. This, 
by the obfervations of the bell modern aftronomers, 
contains 365 days, 5 hours, 48 min. 48 fcconds ; the 
quantity alTumed by the authors of the Gregorian ca- 
lendar 13 365 days, 5 hours, 49 min. But in the civil 
or popular account, this Year only contains 365 days; 
except every 4th Year, which contains 366. 

The viciflitude of feafons feems to have given occa- 
fion to the firft inllltution of the Year. Ktan, natu- 
rally cui ious to know the caufe of that diverfity, foon 
found it was the proximity and diftance of the fun ; 
and therefore gave the name Year to the fpace of time 
in which .that luminary performed his whole courfe, by 
returning to the fame point of his orbit.^ According 
to the accuracy in their obfervations, the Year offom^ 
natipnskwas more peife^l than that of others, but none 
of them qiMte exa(ft, nor whofe parts did not ftiift 
with regarJto the parts of the fun’s courfe. . 

Accordif g to Herodotus, it was the Egyptians who 
ftrft ftirmen making it tp contain 3^ days, , 

which tbc^imdl^ded intoi u months, of 30 days 
each* ^ hfcrqurysTriftnegijlus added 5 days more to tne 
aobountv : And this iU»ting it U faid that t'hales 
inftituted the .Yeat among the Qre^ks; though that 
form 6f the Year did not hold throqghout dl Greece. 
Alfo, the Jewifli, Syrian, Roman, .I’crfinn, J$thlopic, 
Arabic, &c Yean, were all different, In tad, con- 
fidethig theimperfe^ ffatc of aftroaomy ia thofe ages, 
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it is no wonder t^t j^iffcrent people (hould dlfagrcc in 
the calculation of the (up’s courfe. We arc even affured 
^ Diod. Sicplus, Ub. i. Plutarch, in Kuma, and 
Pliny, Ub. 7, cap. 48, that the Egyptian Year itfelf wuj 
at firft very different from that now reprefented. 

The folar Year is either ajironomical or civif* 

The 4 fironomcal Solar Year, is that which is de- 
termined prccifely by aftronomical obfervations; and 
is of two kinds, tropicaly and ftdereal or ajifah 

Tropicalf or Natural Ye ak, is the time the fun takes 
in pafiihg through the zodiac ; which, as before obferv- 
ed, i8 365d. ^h. 48m. 48 fee. ; or 365 d. yh. 4911110. 
This is the only proper or natural Year, becaufe it al- 
ways keeps the fame feafons to the fame months. 

Sidereal or ^flral Year, is the fpace of time the 
fun takes in pauing from any fixed ftar, till his return 
to it again. This confiftsof 365 d, 6h, 9m. 17 fee. ; 
being 20 ru. 29 fee. longer than the true folar year. 
Lunar Year, is the fpace of 12 lunar months. 
Hence, from the two kinds of fynodical lunar monthb, 
there arlfe two kinds of lunar Years; the one ajltono^ 
micaly the other ctviL 

Lunar Ajironomical Year, confifti of 12 lunar 
fynodical months; and therefore contains 354d. 8h. 
48, m. 38fec. and is therefore lod. 2ih. om, 10 f. 
fliortcr than the folar Year. A difference which is die 
foundation of tlie Epadl. 

Lunar Civil Y ear, is either common or embolifmic. 
The Common Lunar Year confifts of 12 lunar civil 
months; and therefore contains 354 days. And 
The Emhotijmic or Intercalary Lunar Year, confifts 
of 13 lunar civil months, and therefore contains 384 
days. 

Thus far we have confidered Years and months, 
with regard to aftronomical principles, upon which 
the dlvifion is founded. By this, the various forms of 
civil Years that have formerly obtained, or that do 
ftlll obtain, in divers nations, are to be examined. 

Civil Year, is that form of Year which every nation 
has contrived or adopted, for computing their time by. 
Or the civil js the tropical Year, confidered as only 
confifting of a certain number of whole days: the odd 
hours and minutes being fet afide, to render the com- 
putation of time, in the common occafions of life, 
more cafy. As the tropical Year is 365 d, 5 h. 49 m. 
or almoft 365 d. 6h. which is 365 days and a quarter ; 
therefore if the civil Year be made 363 days, every 
4th year it muft be 366 days,, to keep nearly to the 
courfe of the fun. And hence the civil Year is either 
common or hijfextile. The 

Common Civil Year, is that confifting of 363 days; 
having feven months of 3 1 days! each, four of 30 days* 
and one of 28 days; as indicated by tht following 
lyell known memorial verfes : 

Thirty days hath Septernber, . 

April, June, and November; 

. ^ February twenty-eight , aldne, 

‘ And all the rjeft have thirty -one. ' 

or Leap Yeak, confiftsof 366 days ; having 
onjp day ^Atrabrdinary ; called the intercalary, 
fcxtile day; wdl take! place every 4th Y<^*‘ 
additional day to every 4th Year, was firft introduce 
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iy Ju!fu* Cpefcf I wflo, to make the civil Years keen 
pace with the tropical ones, contrived that the 6 hours 
which the latter exceeded the former, fhould make one 
day in 4 years, and be added between the 24th and 
,3d of February, which was their 6th of the calends 
of March; and as they then counted this day twice 
over, or had iis fexto calemlas^ hence tlic Year itfelf 
came to be called^// and byjcxtile. 

However, among us, tlic intercalary day k fiot in- 
troduced by- counting the 23d of February twice over 
but by adding a day at the end of that month, which 
therefore in that Year contains 29 days. 

A farther reformation was made in this year by Pope 
Gregory. See Grrqorfatt Ykah, Calendar, Bissex- 
71LE, and LEAP- 7 V<?r. 

The Civil or Legal Year, in England, formerly 
commenced on the day of the Annunciation, or 2^'th 
of March ; though^ the hiftorical Year began on the 
day of the Circumcifion, or ift of January ; on which 
day tlie German and Italian Year alfo begins. The 
pait of the Year between thefe two terms was ufually 
expre/fed both ways : as 1745-6, or 174^. But by 
the for altering the Ilile, the civil Year now com- 
mences with the ill of January. 

Ancient Roman Year. This was the lunar Year, 
which, as lirft fettled by Romulus, contained only ten 
months, of unequal numbers of days in the following 
order ; viz, 

March 31; April 30; May 31 ; June 30; (^niulilis 
31; SextiUs 30; September 30 j October 31; Novem- 
ber 30 ; December 30 ; in all 304 days ; which came 
diort of the true lunar Year by 50 days; and of the 
folar by 61 days. Hence, the beginning of Romuhis^s 
Year was vague, and unfixed to any precife feafon ; 
to remove which inconvenience, that’princc oidered fo 
many days to be added yearly as would make the Hale 
ot the heavens correfpond to the firll month, without 
Calling them by the name of any month. 

Numa Pompilius corredted tin’s ii regular confliliition 
of the Year, compofing two new months, January and 
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The monfh. of the 




January 
April - 
July - 
Oilitcbcr 


- 3 * I 

• 30 ) 

• » 

- 3> J 


February 
May . 
Augufl - 
November 


. 28) 
3* ; 
■ 3 » \ 

30; 


March - 31 ; 
June - - 30 ; 

l^fpiefnhtr 30 , 
iXLctnbei 31. 


February, of the days that were ufed to be added to 
ihe former Year. Thus Numa’s year conlilUd of 12 
months, of difftrent days, as follow ; viz, 

January - 39; February 28; March - - 31 ; 

April - • 29 ; May - - 31 ; June - - - 29; 

C^uintilis 31; Sextilis 29; September sg ; 

Odober - 31 ; November29; December 29; 

in all 3 5 j days ; therefore exceeding the quantity of a 
lunar civil Year by one day ; that of a lunar aflionomic al 
Year by 15'*! 22* ; bu< falling fiiort of the common 

folar Year by 10 days; fo that its beginning was Hill 
vague and unfixed. 

Numa, however, defiring to have it begin at the 
^’inter folfticc, ordered 22 days to be intercalated in 
February every 2d Ycar,»a3 every 4tb, 22 every 6ih, 
and 23 every 8th Year. 

But this rule failing to keep matters even, rccourfc 
had to a new way of intercalating ; and inHead of 
23 days every 8lh Year, only 15 were to be added. 
Die care of the whole was committed to the ponti- 
mx maximus; who however, negleding the truft, let 
miDgs run to great confufion. And thus the Roman 
I tar ftood till Julius Casfar reformed it. See Calen- 


But evey BinVxtilc Year had a d.,y , 

niahnij; .f tlai. t„ conlain j<j days. ' ’ 

1 he ,nain quantity thfreCorc of tho Julian Year ia 
-lavs or 365H6a; rxeveding the irnc folar Year 
lonicwhat mou* than n minutes; an cxeefs whit b 
arnonntstoa whole day. „ alnu.d t,’. 
tiK t.inesofthe tqinnoxea j;o backnaid, and fVdl carlin- 
by one day in about MOew lai VF'ir«j An^ ♦». 

Vor fclil.np this Year, Julins Ca-far hronoht over 
from Egypt, 6.5fi,rcnes, e-debrated ntail.e.nalttian ; 

who to (“upply the defeit of by day,, which had bee.! 
loll thi;ongh the nej^Vtt of the prielU, an<l to biing tbe- 
beginning of tbe Yea.- to the winter ffdlbVe, made one 
^ear to conidl of 15 months, or 445 dajs ; on whieb 
accomtt that Year was nfed to be calle.l coMi.m. 
the rear oj enjujon. Sec j./Z/Vm Cat,, n oak. 

0 \^or!an Ytait. Thk is the Jnliau Year correftej 
by th.a rule, v.r that ...Head of every feeular or tooth 
Year being a biffextilc, as it would be in the former 
way, in the new way tluce of them arc common Years, 
and only the gth is hiHcxtile. 

^ Thcu ior of II mimilcG in the Julian Year, by con- 
tiniial repetition, had accnmulnttd to .m ororof r; 
days from the time when Calar ma*lc Ins corrtaion • 
by which means the equinoxes were gicatly diHurbed’ 
Jn tdc^car 15S2, the equinoxes were fallen hack jJ 

days, and the full moons 4 davs, more baekwatd than 
they were m the time of tlic Niccne conncil, which w^s 

the 20th ot' 

March to the loth, and the latter from the ^th to the 
iHol April. To remedy this inoea/ing iruyulaiit) 
pope C;.cg()ry the T3th, in the year 1582, callJd toge’ 
ther the chief albcnorneiB of liig time, and conccitvd 
this coi region, throwing cnit the 10 days almve men- 
tioned. He exchanged I lie lunar cycle for tint of the 
tpaiHs, and made the 4th of Oc'^fober of lliat Year to he 
the I5ih; by that means rcHoring the vernal equinox 
to the 2 ill of March, it was alfo provided, bktf-eomij- 
fion of 3 intercalary days in 400 Years to make the 
civil Year keep pace nearly with the foLi Year, for the 
time to come. See Calendar. * 

In the Year 1700, the eirorof lO days was^Jr^Own to ■ 

II ; upon which, the protcHant Hates of Germanf to 
prevent faither confulion, adopted the Gregorian corrcc* 
lion. And the fame was accepted alfo in England in 
the year 17^2, when 1 1 days weie tin own out after the 
2d of September that Year, by accounting the 3d to be 
the 14th day of the month : calling this the new Hile 
and the former the old Hile. And the Gregorian, or* 
4 -^-S new- 
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t^ew ftile, IS now in like manner ufcd In moft countries 

Yet'th^J laft corrcaion is ftlll not quite perfea ; for 
3^ it has been flicwn that in 4 centuries, the Julian 
Year eains 3*^ 2'‘ 40"’ ; and as it is only the 3 
are kept out in the Gregorian Year; there is ftill au 
excefs of 2“ 40" in 4 centuries, which amounts to a 
'whole day in 36 centuries, or in 3600 Years. beeLA- 
L r N n A R , Nciv or Gre^ art an Stile, 

Year, called alfo the TrarofNalonnpr, 
on account of the epoch of NabonafTar, is the iolar 
Year of 3^',' days, divided into I2 months, ot 30 days 
each, befidc 5mlercalaiy days, added at the end. Ihc 
• and names of theCe months are as follow: 


Thoth; - - 2 - Paophi; - - 3 - 
Chojac; - - 9. Yybi; - - 6 . Mecheir; 

Phamenoth ; 8 . Phai miithl ; 9 - ff 5 

Pciiinl; - - II. Epiphi; - 12. Mcfori. 


joider 

I. 

4 - 

7 

•10. 

As the Egyptian Year, hy negle^ing the 6 hours, 
in every 4 Yeais lofcs a whole day of the Julian Year, 
its beginning runs through evciy part of the Juhan 
Year m the fpuc of 1460 Years ; after which, they 
inectaodin; for which reafon it is called the erratic 
Year. ^And becaufethis return to the fame day ot tiic 
lulian Year, is performed in the-<pacc of 1460 Julian 
Yeais, this circle is called the Sothic period. 

This Year was applied by the Egyptians to civil 
ufes, till Anthony and Cleopatra were defeated ; but 
the mathematicians and adronomers ufed it till the 
time of Ptolomy, who made ufe of it in his Almageil ; 
to that the knowledge of it is of great ufe in a - 
(Ironomy, for comparing the ancient obfervalions with 
tlic modem. 

The ancient Egyptians, we are told by Diodorus bi- 
.rulLis, (Plutarch, hb. i, in the life of Numa. and 
Pliny, lib. 7, cap. 48) mcafured their Years by the 
couifc of tlie moon. At firll they were only one 
TOonth, llu'n 3, then 4, like that of the Arcadians ; 
and then 6, like that of the people of^carnania. 
Thofe authors add, that it is on this account that 
they reckon futh a vaft mnnber of Yeais from the bc- 
ffitining of the world i and that in the hittory of their 
tinKS, we meet with fome who lived 1000, or 1200 
Yeais. TliC fame thing is maintained by Kirclier; 


Oedip Egypt, tom. 2, pa. :52 


And a late author 
obCervcs, That Varro has* affirmed the fame of all na- 
tions, that has been quoted of the Egyptians. By 
which means many account for the great ages of the 
more ancient patriarchs ; expounding the gradual de- 
creafe in their ages, by the fucccllive increafe of the 

number of‘months in their years. 

Upon Mie Egyptians being fubdued by the Romans, 
they received the Julian Year, though with fome alte- 
ra^iim; for they. M\ retained their ancient months, 
with the five additional days, and every 4th Year they 
inteicahted another day, for the 6 hours, at the end 
of the Year, or between the iSth and 29th of Angult. 
Alfo, the beginning of their Year, or the firtt day of 
the month Thoth, anfwcred to the 29tb of Augull ot 
the Julian Year, or to the 30th if u happened to be 

Greek Year.— T his was a lunar Year, 


confiding of 12 months, which at firft had each 1% 
days, then alternately 29 and 30 days, computed from 
the fird -appearance of the new moon ; with the addh 
tion of an embiifmic month 0(30 days, every 3d, 5th, 
Sth, nth, 14th,, i6th,i and 19th Year of a cycle of 
19 Y^ars ; in order to keep the new and full moons to 
the fame teims or feafonsof the YTar. 

Their Year commenced with that new moon uluMi 
was neared to the fmnrner folRice And the order of the 
months, with the number of their days, were as folio v ; 
I. l^HXTD(/>Qaiuv^ of 29 days; 2 . Mnray^miuv 3c j 
3. 29 ; 4* MaifxiXKT-^^tccv 30 ; 5. lUj,, 

VfiJ/iajv 29; 6. no:r£i^:wv 30; 7. TafXYihuv 29; 
8. 30 ; 9. 29; lo. Maxuxin 

30; II. Oapyy]\iuv 2<)‘, 12* '^ttipo(popm 30.— 

Blit many of the Greek nations had other names fur 

their months. • 1 

The Ancient Jewj/h Year. — i his is a lunar Yeai, 
iifiially condllliig of 1 1 months, containing alternately 
30 and 29 day... And it was made to agree with the 
folar Year, by adding ii, and fometlrncs 12 days, 
the end of tiie Year, orhy an embolifmic mouth. ' 1 '!.* 
order and quantities of the montiis were as follow . 
1. Nifan or Abib 30 da>s; 2. Jiar or Zius 21; 1 
3. Siban or Sievan 30; 4- Thamu/ or Tamiiz 29; 
5. Ab 30; 6. Elul 29; 7 * Tifri or Etliaimn 30, 
8. Marchcfvam or Bui 29 ; 9. Cideii 30; 10. Ttbah 
29; u. Siibat orSchebeth 30; 12. Adar 30 in the 
embolifmic year, but 29 in the common year.— Note, 
in the defcaive Year, Ci(ku vvas only 29 days ; and lu 
the redundant Year, Marchcfvam was 30. 

fheMoihrn JeivijhY^.AV. is likcwile lunar, coiiril- 
ing of 12 months in common Years, butol 13 m cia* 
bolifmic Yeais ; whieh, inacyelcof 19 Ycais, aiei'iC 
3d, 6th, 8th, nth, 14th, lyih, and 19th. Its be- 
ginning is fixed to the new moon next after the autum- 
nal equinox. The names and order of the moiit’' . 
with the number of the days, are as follow : i. f il'! 
30 days; 2. Maichcfvau 29; 3. Cilleu 30 ; 
beth 29; 5* Schebeth 30; 6. Adar 29; 7. Veadu, 
In the embolifmic year, 30 ; 8. Nilan 30 ; 9. Ilai 29* 
lO.Sivan 30; 1 1 .Thamiiz 29; i 2 .Ab 30 ; 13.EIUI2;. 

The Syrian Year, is a folar one, having its htgr.- 
nlng fixed to the beginning of Odfober in the Julum 
Year ; from which it only differs in the names of the 
months, the quantities being the fame; as follcu ; 
I. THhrln, anfvvering to our Odfober, and contain. 


31 days; 2. Latter Tifhrin, containing, like Novem- 
ber, 30 days; 3. Canun 3 l ; 4 * Latter Canun 31 t 
q. Shabat 28, or 29 in a leap-year; 6. Adar 31 , 
7. Nifaaso; 8. Aiyar 31 ; 9. Haziram 30 ; 10. Du' 
muz 31; II- Ab 3 I ; i2. Elul 30. 

The PetJianYiAKf is a folar one, of 365 days, con- 
fiding of 12 months of 30 days each, with S 
lury days added at the end. The months are as fo Im' ; 
1. Afrudia mch; 2, Ardihafeht nieh ; 3 - Y’ 
mch ; 4.Thir meh ; 5. Merded mch ; 6. Schaba i 
meh ; 1 , Mchar mth ; 8. Aben meh ; 9. Adar me ^ 
10. Dimeh; ii.Behen meh; 12. A Hirer meh. 

Year is the fame as the Egyptian NabonaTarean, ai 
Cdll^ the yeziiegerdic Tear, to diftinguifh it from 
fixed foladYeJ, called the Oclalcan Year, w J tb^ 
Perfians began to ufe in the Year 1079, and 
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formed by an intercalation, made fix or feven timea in 
four Years, and then once every 5th Year. 

The AtahiCf Mahometan^ aml Turhtjh Year, called 
alfo the Year of the Htg'tray U a lunar Vein, tqu.d to 
354*1 8“ 48*", and confifis of 12 ’months, containing 
alternately 30 and 29 days. Thougli fonxiijncs it o>n- 
tains 13 montlis ; the names &c being as follow: 
I. Muharram of 3odays; 2.Saphar29; 3 * l^jd3i.i 30; 
4. Latter Rabia 29; 5. Jornada 30 ; 6. Latter Jouin- 
da 29 j 7. Rajab 30 ; 8. Shanban 29 ; 9. Ramadan 30 ; 
10. Shavval29 ; 11. Dulkaadab 30; 12. 
but in the embohTmic year 30. An intcreahny day i,. 
added every 2d, jth, 7th, lotli, 13th, i8ih, :iil, 
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24th, 26tli, 29tli, In a cycle ofjQ Years. The month* 
commence with the lirll appearance of the new moons 
after the conjundllons. 

Rthiopic \ i*Au, is a folar Year perfc^ly agreeing 
with the Adtiac, except in tlic names of the months, 
which ate? 1. Maietram; 2, Tjhynipt; 3. Hy- 
dar ; 4. 'ryfluis ; y Tyr ; 6. Jac.Uil ; 7 Magablt ; 
8, Mija/ia ; 9. (iiulut ; to. S) no ; i I. Hamel} 
I’, ll.dialc. lnUMv.<!.\iy days 5. It commence* 
with the Lg)piiju Ve.ir, on tlic inth of Auguft of’ 
tin- I t.!i Ml Ve 11 . 

VLSDL'JLRDIC Ylar. Sec Ptrjian Year. 
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ZEN 

Z ENITH, in Afironomy, the vcitlcal point, or 
point in the heavens dircdtly overhead. Or. the 
Zenith is a point in the furface of the rpherc, Irom 
which a right line drawm through tlie place of any fpec- 
tator, pafles through the centre of the earth. 

The Zenith of any place, is alfo the pole of the ho- 
rizon, being 90 degrees difiant from every point of it. 
And through the Zenith pafs all the azimuths, or \er- 
ticdl circles. 

The point diametrically oppoOte to the Zenitli, is 
Called the tiacJir^ bein^ the point in the fphere dirc^lly 
tinder our feet : and it is the Zenith to our anilpodeg, 
as our Zenith is their nadir. 

Zen 1 Is the difiance of the fun or fi ir 

from our Zenith ; and is the complement of the alti- 
tude, or what it wants of 90 degiecs. 

ZENO, Ellatls, or of AAy/, one of the gicaiell 
philofophcrs among the Ancients, flounflied about 
500 years before the Chrifiian :eia. He was llie dif- 
clple of Parmenides, and even, accoiding to fome 
writers, his adopted Ion. Aiiliotlc aflcrlsih.it he v\as 
the inventor of logic : but his logic feems to have been 
calculated and employed to perplex all things,^ and not 
to clear up any thing. For Zeno employed it only to 
difpute againll all comers, and to filcnce his oppoiunis, 
whether they argued riglit or wrong. Among m.iny 
other fublleties and embaiiafiing arguments, he pio- 
pofed fome with regard to motion, dinying that tlier 
V^'a8anyfuch thing in nature; and Arifiolle, in the 6ih 

book ofhis phyfiea, has prcfcrvcd fome of them, winch 

are extremely fubtile, efpecially tiie famous argument 
tiamcd Achilles ; which was to prove this propohtion, 
that the fwlftcft animal could never overtake the flowell, 
as a greyhound atortoife, if the latter fet out a ht..c 
fore the former: for fuppofe the tortoife tope 100 
yards before the dog, and that this runs lOO times is 
faft as the, other; then w'liile the dog runs the In fc 
V>o yatds, the tortoife runs and is therefore i yart 
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before the dog ; a^ain, W’liilc ihc dog ruiw over thU 
yaub tlic loitoile will run the looth pait of ayanband 
will be fo much before the dog ; and again, w-liilcthc 
dog runs o\er this lootli pail of a yaitl, the toitoilc 
will liave got the looili pait of that lOoth pait be- 
fore him ; and fo on coiuimidlly, fays he, the 
dog will always he fome finall pait behind the tor- 
toile. But the fallacy will foon be deleted, by 
eonfiderlrig where tlie tortoife will be when the dog 
has run o\er 200 yaids ; for as the foiincrean haic 
run only tw’o yaids in the fame lime, ami tlieieforc 
mull then he 98 ).iids behind tlie dog, he I'onfr- 
cjuently mull have o.ti taken ami pafild thctorlodc. Jt 
has been faid that, to prove to him, or foinc difc i[>Ie (.f 
bis, that theic is fuch a thing as motion, Diogcm sihc 
C)nlc rofe up and w.iH.ul ovtr the flu i. — Ztiio 
fliewrd great coui.ige in (ulfiriiig piiu; lor having 
Joined with othei s to cmK.ivoiir to u lUne lihei ty fo lii,i 
country, wliitli gonneal under the oj’ipielfion of .1 tv 
rant, and the enttrpi i/.r being difccotKd, h<- (nppruKfl 
w'lth exlraorditiar) In rnm. Is the fhai j)f ( 1 . toi t iim s. Ii 
tveafaid lh.it he Ir'J tin oarage to biu 'jif his longm-, 
and fpit it iu the tyi ant’s face, for fe.ir of bu’iig fouci?, 
by the violence of InV On'iients, to iMi ovei he. .'.croin- 
pliecs. Some faythat lit wan pounded in deathin amoiiar. 

Zi NO, a celehia’cd (iittk philofopher, was born 
at Citmin, in llie Lh- of Cypius, ami w'a.s the foiicd- 
er of the Stoics ; a ILH whi..h had i{s name from 
that of a portko .it A i lien,, nlicre rink pliih-fopher 
chofc to hold his did uiiil^s. i Ic wms tad upon that 
cuall byfiiipwrcck ; and 1.^ t'icr after ugarded this at 
a great happinrfs, pta'lin,; iht winds for having fo 
liappily driveti him into ilie j/ort of Piticuni.—— Ztm> 
was the difciplc of Ci.,tr% and Lid a great nffmber of 
followcif. lie made tin lo/eieign g<ujd to confill in 
dying in conformity to nature, guided by tlie dictates 
of right rcdfon. He ac kmcslcdged but one (Jod ; and 
admitted an inc'.itable dclliny g;tr all events. Ilia 
5 fcuaiit 
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rvant uking advantage of thi« laft opinion, cned, 
^hilc he was beating him for difhoncfly, “ I was dc- 
^^ined to fteal to wliicli Zeno replied* Yes, and to 
be beaten too/* This philofoplier iifed to fay, ** That 
if a wife man onglit not to be in love, as fomc pre- 
tended, none would be more miferabic than "beautiful 
and virtuous women, fince they would have none for 
their admirers"' but fooh.” He alfo faid, ** That a 
pait of knowledge confids in being ignorant of fuch 
tilings ;r, ought lujt to he known : tliat a friend is ano- 
ther felf: that a little matter gives pcifc^bou to a 
woik, tluiigh perf'^bon is not a lilllc matter.’* He 
compared tliofc wlio fpoko well and lived ill, to the 
inoiity of Alex.inJi la, whieh was beautilul, but com- 
pofed ot bad nRlul— It is frud that being hurt by a 
fall, he took tluil as a lign he was then to quit this 
life, and laid vioknt hands on hlmfelf, about 264 years 
before Cbild, 

Ckantbcs, Cnlippus, and the other fuccefTors of 
Zeno maintained, that with vlitue we might be happy 
in the nnidli; even of diigrace and the moll dreadful tor- 
ments. Tluy admitted the exillencc of only one God, 
the foul of the woild, which they confidered as his bo- 
dy, and both together forming a perfe<b being. It is 
remarked that, of all the feds of tlic ancient phllofo- 
phers, this was one of tbofe which produced the great- 
ell men. 

We ought not to confound the two Zenos above 
mentioned, with 

Zkno, a celebrated Epicurean philofopher, born at 
Sldon, who had Cicero and Pomponlus Atticus for his 
difciples, and who wrote a book againft the mathema- 
tics, which, as well us that of Poindonius’s refutation 
of it, is loll;, nor wu'th fcveial other Zenos mentioned 
i<i hlllory. 

ZENSUS, orZEN7US, in Arithmetic and Algebra, 
a name ufed by fomc of the older authors, dpccially in 
Germany, for a fqtiare number, or the 2d powder: 
being a corruption fioin the Italic ceitfii of Pacioli, 
'I’arlalea, &c, or the Latin unfus^ which fjgnified the 
fame thing. 

ZETE TICE, or Zetetic Method^ in Mathema- 
tics, was the method made ufc of to invdllgalc, or 
find out the folution of a {rroblcm ; and w'as much the 
fame thing as .analytics, or the analytic method. 

Vieta has an ingenious work of this kind in 5 books ; 
Zeteticorum hhri qulnque, 

zocco, ZoccoLo, ZocLE, or Socle, in Arch i- 
tfdure, a fquare body, Icfsin height than breadth, 
placed under the bafes of pcdellals, Ibtues, vafes, &c. 
Sec Socle and Plinth. 

ZODIAC, in Aflronomy, an imaginary ring or 
broad circle, in*the heavens, in form of a belt or girdle, 
within which the planets all make their excurfions. In 
the very middle of it runs the ecliptic, or path of the 
fun in his annual courfe ; and its breadth, comprehend- 
ing the deviations or latitudes of the placets, is by 
fome authors accounted 16°, fomc 18, and others 20 
degrees. 

The Zodiac, cutting the equator obliquely, makes 
with it the fame angle as the ecliptic, which is its mid- 
dle line, which angle, continually varying, is now nearly 
equal to 23® ah' J which is called the obliquity of the 


Zodiac or ecliptic, and i® «lfo the fun's greateft decli- 
nation. 

The Zodiac is divided into 12 equal parts, of 30 
degrees each, called the figns of the Zodiac, being fo 
named from the conilellations which anciently pafled 
them. But, the (lars having a motion from weft to 
can, thofe confltllations do not now corrtfpond to their 
proper figns ; from whence arifes what is called the 
prectjf.on of the cqn'mhxts. And therefore when a liar 
is laid to be in Inch a (igu of the Zodiac, it is not to 
he iindeillood of that conllcllation, but only of that 
dodccatemory or 12th pait of it, 

Callini liasalib ohfcrvtd a tiad in the heavens, with- 
in whofe bounds moll of the comets, though not all 
of them, are oblcived to keep, and w'hich he thc rcfoie 
calls the Zodiac cf the comets. This he makes .as hioad 
as the otiici Zodiac, and marks it vvnth figns or con- 
fitllations, like that; as Antinous, I’‘ega(ns, Andio- 
meda, T'ainuG, Orion, the Lcfl'ci* Dog’, ilydia, the 
Centaur, Scorpion, and Sagittal y. 

ZODIACAL Lightj a biightncfs fometiiiies ob- 
feived in the /cdtac, rcfernbUng- that of the galaxy or 
milky way. It aj'pears at cciiain fi afons, viz, towards 
the end of w'inter and in fpiing, after funfet, or before 
his rifing, in autumn and beginning of winter,, re- 
fembling the form of a pyramid, lying lengthways 
with its axis along the zodiac, its hate being placed 
obliquely with lelpcifl to the horizon. This plieno- 
mcuon w’as firft deferihed and named by the elder Caf- 
fiui, in 16H3. It was afterwaids obfeived by Fatio, 
in 26S4, if)8^, and 166O; alio Ly Kirch and Eimmart, 
in 1688, i68q, l6yl, 1693, and 1694. SveMaiun, 
Suite des Mem. de l*Acad. Royale des Sciences 173 D 
pa- .V ^ ^ 

The Zodiacal light, according to Malran, is the 
folar atmofplicre, a rare and luhtile fluid, either lu- 
minous by itfelf, or made fo by the rays of the fuu 
furronnding its globe ; but in a greater quantity, and 
more cxtcnfivcly, about his equator, than any other 
p:u t. 

Mairan fays, it may be proved from many obferva- 
tions, that the fui/s atmolphcrc fometimes reaches as 
far as the* earth*s oibit, and there meeting with our 
armofpherc, produces the appearance of an Aurora 
borealis. 

The length of the Zodiacal light varies fometimes in 
reality, and fometimes in appearance only, from various 
caufes. 

Cafiini often mentions the great refemblance between 
the Zodiacal liglit and the tails of comets. The fame 
obfervation lias been made by Fatio : and Euler en- 
deavoured to prove that they were owing to fimilar 
caufcF. See Decouverte de la Lumiere Celefte que pa- 
roit dans Ic Zodiaqne, art. 41. Lettrc a M. Cafiini, 
printed at Amfterdam in 1686. Euler, in Mem. de 
i’Acad. de Beilin, tom. 2. 

This light feems to have no other motion than that 
of the fun itfelf : and its extent from the fun to Its 
point, is fcldom lefs than 50 or 60 degrees in length, 
and more than 20 degrees in breadth: but it has 
been known to extend to 100 or 103®, and from 8 to 
9® broad. 

It is now generally acknowledged, that the eledrtc 
fluid is the caufe of the aurora borealis, aferibed by* 

Mairan 
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Matran to the folw atraofphere, which produces the 
Zodiacal light, and winch is thrown off chiefly and 
to the greateft diftance from the equatorial paitsofthe 
fun, by means of the rotation on his axis, and ex- 
tending v.fibly as far as the orbit of the ea th, where 
It taUs into the upper regions of our atmorph.-re. 
and 18 coUedted chiefly towards the polar parts of the 
Mrth, in confequence of the diurnal revolution, where 
i^t forms the aurora borealis. And hence it has been 
f^uggelted, at a probable conjeaiire, that the fun may 
be the fountain of the eleftrical fluid, and that the 
Zodiacal light, and the tails of comets, as well as the 
aurora borealis, the lightning, and artificial elcaricitv 
are its various and not very diffimilar modifications. 

ZONE, in Geography and Allronomy, a divifion 
. . ® by means of parallel circles, 

chiefly with refpea to the degree of heat in the different 
parti of that furface. 

The ancient aftronoiners ufed the term Zone, to 
explain the different appearances of the fun and other 
heavenly bodies, with the length of tlic days and nights ; 
and the geographers, as they ufed the climates, to 
mark the fituation of places ; ufing the term climate 
when they were able to be more exaa, and the term 
Zone when lefs fo. 

The Zones were commonly accounted five in num- 
ber ; one a broad belt round the middle of the earth, 
having the equator in the very middle of it, and 
bounded, towards the north and fouth, by paiallol 
circles palling through the tropics of Cancer and Capri- 
corn. This they called the torrid Zone, which they 
mppofed not habitable, on account of its extreme heat. 
Though fometimes they divided this into two equal 
torrid Zones, by the equator, one to the north, and 
the other fouth | and then the wj^ole number of Zones 
was accounted 6, 

Next, from the tropica of Cancer and Capricorn, to 
the tw’o polar circles, were two other fpaces called 
temperate Zones, as being moderately warm i and thefe 
they fuppofed to be the only habitable parts of the 
earth. 
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two fpaces beyond the temperate Zones, 
about eitlicr pole, bounded within the polar ciiclcs, and 
haviiig tlje poles in the middle of them, arc the two 
.mil wbicb they fuppofed not lia. 
on account of the extreme gdd there 
Hence, the brc.ulth ot flie t.irrid Zone, i« equal to 
txnce the greateft dcclinatit>n of i1k‘ fun, or oblicmity of 
the cchptic, equal to 46° 56', or twice 23*^ 28'. bach 
tngul/one is allo of the fame bieadth, tlie dift.mce 
|rom the pole to the polar click being equal to the 
lame obliquity 28', And the bicadih of each 
ternperate Zone is equal to .rV’ *he complement ot 
twice the lanK obliquity. Sec ihcfe Zuncb exhibited 
in plate ns, hg. 16. 

/i he difference of Zones is attended with a great 
diverlity of phenomena. 1. ]n the ion id Zone. ih<^ 
Jim palks tlinmgh the zenith of eveiy place in it twice 
a year; making as it were two fummcisiii the veur- 
and tlie inhabitants of this Zone are called amplAfcuim^ 
bccaufe they have their noon-day fhadows projc(Mciil 
dillereii^t ways In dlflercnt times of the year, nortliwaid 
at one fcafon, and fouth ward at the other, 

2. In the temperate and fiigid Zones, the fun rife» 
and fets every natural day oi 24 hours. Yet every 
where, but under the equator, the aitificial days ate 
of uncqualleugths, and the inequality is the gi eater, 
as the place is farther from the equator. The inhabi- 
tants of the temperate Zones are called heterofetans, 
bccaufe their noon-day fhadow is call the fame war 
all the year round, viz, tliofe in the north Zone toward 
the nortli pole, and thofc in the fouth Zone tow'ard 
the fouth pole, 

3, Within the frigid Zones, the inhabitants have 
their artificial days and nights extended out to a great 
length \ the fun fometimes fl<irting round a little above 
the horizon for many days together: a^d at another 
fcafon never rifing above the hoiizon at all, but makinr 
contirmal night for a confidcrable fpace of lime. The 
inhabitants of thefe Zones arc called perijeians , bccaufe 
fomciimcs they have their fhadows going quite round 
them in the fpacc of 24 hours. 
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A ccelerated pa. i8,coi. ?, iinc 17 

from the bottom, after lecond inftant, aehf or 
finall part of tirtic. — 1. 6 /rom the bottom, /br in every 
inftant, read every moment. — 1. 2 from bottom, Jor 
ib-A, col. 2 , I. I and 2,/<?r 3 zj, 

rW64}, 9^fi ii8f* 

ACCELERATING Force, pa. ai,col. z, 1 . 27, for 
rctpnics, acquires. 

Pa. 22, col. 2,1. 16 from the bottom, for t ^ vt 
read j = vr,— next line, for'/ and j, read t and j. 

ACHROMATIC, pa.‘ 25, col. 2, I. 14, frac- 
tions, read refractions. ^ 

Pa. 26, col. I, 1. r2,‘yi>r Veritiis, read Veritas. 

After ]. 9, add, Since this article was printed, I obr 
ferve, in the- 3d voUimoof the Heiinburgh Pliilofophical 
IVanfaiAiona, an account of acurions fetofexperimeiiia# 
on the unequal refrangibility of light, with obferva^ 
tions on Achromatic telefcopcs, by Dr. Robert Blair. 
This ingenious gentleman fets out vvith 'obferving, If 
the theory of the AchroAiadc tclcfcope la fo complete as 
it has been repfefented, may it not reafonably be dc- 
niandcd, whence it proceeds, that Hugeniiis and otbera 
could execute tclefcopes with hnglc objeft glafles 8 
inches and upwards in diameter, wiulc a compound ob- 
jed glafi of half thefc dimenfions, 'is hardly to be pict 
V ith ? or how it can arife from any defcil in. the execu- 
tion, that refleiSiors can be made fo much fhor ter than 
Achromatic refradors of equal apertures, wbea it is 
^'til known that thelatter are much lefs affedlcd by 
onperfedlions in the execution of the lenfes cornpofjng 
the obje^ glafs, tlian r^fleiftorB arc by equal dcft^la in 
the figure of the great fpeculum ? — The gcneial anfwcr 
made by artids to enquiries oT this kind, is, that tlie 
fault lies in the impfcrfcaion of glafs, and particiilaily . 
m that krnd'Bif glafs of' which the concave Jens of the 
compound objeiSk glafs is formed, called Hint glifs,— 
It Was irt order to fat isfy myfcif concerning the reality 
of this difficulty, and to attempt to remove it, that I 
engaged in the f»)llowing courfc of experiments.’' 

Dr, Blaiy d^feribes the apparatus and manner of 
making th<J expieriments. He employed various p» ifins 
ditfercnt/kittds of, gla^ ; aifo lenfea of glaf«» 
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a great variety of fluid mediums, having different de- 
gree# of rcfraiiliou. Having deladed t)ic whole at coii- 
lidcrahlc length, for which a referenec m nil he made to 
the woikitfelf, and it is very ileferving of attentive pe- 
ndal, he concludes with the Following recapitubtion of 
the contents and fcopc of the whole difeourfe. 

“ The unequal refiangibility of light, as difeoverrd 
and fully explained by Sir Ifaac Newtort, fo far fland# 
its ground uncontroverted, that when the refraction i# 
made in the confine of any medium whatever, and a va- 
cuum, the rays of clifferent colours are unequally rc- 
Traded, the red-making rays being the lead refrangi- 
ble, and the violet-making rays the moll refrangible. 

The difeovery of wliat has been called a difierent 
difperfive power in different refrai^iivc mediums, proves 
thofe theorems of Sir Ifaac Newton not to be univer- 
fal, in which he concludes that the difference of refrac- 
tion of the moft and leafl refrangible rays, is always in a 
given proportion to the refraction of the m< an retian- 
gible ray. There can be nodoubt that this j)ofiti(»n is 
true with rcfpei^t to the mediums on whit h he made his 
experiments ; but there arc many exceptions to it. 

“ For the experiments of Mr. Dollond prove, that 
the difference of rCfiaetion between the red and viokt 
raySjM’n proportion to the refra(‘’tion of the whole pencjl, 
is greater in fomc kinds of glafs than in water, and 
greater in flint*ghf« thaii'in crown-ghfs. 

** The fiifl fet of experiments above rccitccf, prove, 
that the quality of difpcrfjng the rays in a giciter degre e 
than crown-gl.if?, is not conlincd to a ftw mediums, but 
is pidlefftd by a great variety of fluids, and bv loine 
of tbefc in a mod extraordinary d< grtc. iSoliit onc of 
metals, effeiitial oils, and mineral acids, v.ifli tlie exccj>- 
tion of tile vitriolic, are mod remark tble in tliis rcfptcl'f. 

“ fjome eonfcquences of the eombinntions of mc- 
diiinib of different difpeifive poweiu, have not 

been fulficieully attended to, are then explained. Al- 
though the greater lefianLobility of the violet rays than 
of the icd rays, wlicn light paffes from any medium 
whatever into a vacuum, mav be confidertd a# alaw of 
nature, yet in the p:iifai(C of light from one medium 
into another, it depend { entirely t>n the qualitie# of 
the mediums, whicli of iliefe rays (hall be tUa mod re- 
frangible, or v/lietlier there fhall be any difference in 
their refrangibility. 

4Y 
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Thf a|jplication of the demonftrationj of Huge- 
tiiu«to the corre£^ion of the abenation from the fpheri- 
ca! figures of lenfcft, whether folld or fluid, is then 
taken notice of, as being the next ftep towards per- 
fc6fuig the theory of telefcopeB, 

“ Next it appears from trials made with obje^-glafles 
of very large apertOres, in which both aberrations ate 
corre<fled as far as the principles will admit, ihat the 
cmreetioii of colour wliich is obtained by the common 
combination of two mediums which differ in difpcrfive 
power, 1$ not complete. The homogeneal green rays 
cmcjge moft refratted, next to thefe the united blue 
and yellow, then the indigo'and orange united, and 
ladly the united violet and retl, which are lead refra<fted. 

If this produftion of colour were cOndant, and the 
length of the feconclary fpednim w^erc the fame in all 
combinations of mediums whei) the whole refra^^ion of 
thef penc il is equals theperfe^l corfc6fion of the aberra- 
tion from differctme of refnattgibility would be impofll- 
ble, and woidd remain an iitfunnoimtable Obttacle to 
the iriiprovement of dioptrical inftmments. 

“ The objcdl of tlw next experiment is, thtrefore,'to 
fcarcbi whether uattiire affords tnedhims whichdltferin the 
degreerin which they difperfethcirayscompofingthe prif- 
ihitic ^^rum, and at the fame time f^arkte the fe- 
verai orders t)f riysMii the fame proportion. 'For if 
filch itould be’ fexund^ ?the above-mentioned fccondary 
fpeariim wbuld vdOtfh? and tlm aberration from differ- 
CMCO of refitihgibility mij^ht be rebvoved. The refuU of 
thisiuveftigation' vvai tmfiakefsful rcl^A toils 
print ipilohjeft. Id tVwy oombinatioD that was tried, 
the fathe* kind pf unconreaed cofeur waaobferved, and 
it was thcncc concluded, that there was no diredi! me- 
thod of removing the aberration. ' 

But it a^eired in the ^rfe of the experimen^, 
that thb breadth of the fecondary fpe^frtim was Itfs m 
fome combinations than in others, and thence an indi- 
led way opened, leading to the correifiWoii fought af- 
ter ; namely by foirming a compound concave lens of the 
materials wbictv produce molt colour, and combinifw 
it with a compound contCx lens foiwed of the materials 
which produce leafll colour ) and ft Was obferred in 
w'hat manner thi& might be efFedted by means of three 
mediums, though ’apparently fouv are required. 

<* In fcarching tor mediums bdft adapted for tlic 
above purpofe, a very fingular and important quality 
was iletcdkd ih the muriitk acid. Il* all the dllpcrfive 
mediums hltbci to examined, the green tayS, which are 
the mean refrangible in croWn-glaft, were foutod among 
the left refrangible, and thence occafion the urtcorredted 
colour which has been deferibed. In the muriatic kid, on 
the contrary, thefe fame rays make a part of the more 
vefrangible ; ,Jind in confequence of this, the order of 
the odours in th^ fecondtry fpedrum, formed by a 
tomblnatian of crown gjlafe with this fiaid^ is invcitw, 
the homogeneal green being now the Icaft refrangtbti^, 
."ind the united red and violet the moft refrangible. 

« This remarkable quality found in the marine acid 
led to complete fuccefi in removing the great defe^ of 
optical inftruments, that diflipatiou or aberration of the 
rays, arifmg from their unequal rcfringibility, which 
has rendered it impofilble lutherto to converge all of 
them to one point cither by (ingle or oppofite refracHons. 
A fluid in which the particles of marine acid and metal- 


line particles hold a due proportion, at thefaiUe time that 
It feparates the extreme rays Of the ijpe^rum murdi 
more than crowit-gfafs, fefradU all the orders of rays 
exactly in the fame proportion as the glafs does; and 
hence rays of all colours, made to diverge by the refrac- 
tion of the glafs, may either be rendered parallel by u 
fubfequent i-efracUon made in the confine of the glafs 
and this fluid, or by weakening the refraftive denfity of 
the fluid, the refradtion which takes place in the con- 
fine of it and ghifg, may be rendered as regular as re- 
flexion, while the eiTors arifmg from unavoidable ini. 
ptrfeftions of workmanfliip, are far lefs hurtful than in 
reflexion, and the quantity of light tranfmitted by equal 
apertures of tlie tclefcopes much greater. 

“ Such arc the advantages which the theory prefents. 
In reducing this theory to pra6Iice, difficulties muft be 
expeded- in the firft attenipts. Many of thefe it was 
ncceflary to furmount before the experiments couM be 
completed. For the delicacy of the obfervations is 
fuch as to require a confiderablc degree of perfection in 
tiie execution of the obje^t-glafles, in order to admit of 
the phenomena being rendered more apparent by means 
of high magnifying powers. Great pains feem to have 
been taken by mathematicians to little purppfc, in cal- 
culating the radii of the fpheres requifitc for Achro- 
matic telcfcopes, from their not confidering that the 
objeA-glafs itfelf is a much nicer left of the optical 
properties of refra^ng mediums than the grofs experi- 
ments made by prifms, and that the refults of their dc- 
monftrations cannot exceed the accuracy of the data, 
however much they may fallihort of it. 

I (hall conclude this paper, which has now greatly 
exceeded its intended bounds, by enumerating the feve- 
ral cafes of unequal reffangibility of light, that thejr 
▼ariclies may at once be clearly apprehended. 

“ In the fefraftion which takes place in the confine 
of every known medium and a vacuum, rays of different 
colours arc unequally refrangible, and the red-making 
ray^ are leatt refrangible, and the violet-making ra)» 
arc moft refrangible. 

«* ThisdilTerencc of rcfbngibility of the red and vio- 
let rays is not the fame in all mediums. Thofe mediums 
in which the difference isgreateft, and which, by con- 
(cqntncc, feparatcor difperfe the rayaof different co 
lours moft, nave been diiiinguilhcd by the term difper- 
fivc, and ihofe mediums wlrich fepaxate the rays Icaft 
have been called indifpcrfivc'. Difpei*fivc mediums dif- 
fer from indifpeifive, and ftill more fiOm each other, in 
another very tffentisd circumftance. 

^ It appears from the expenments which have been 
made on indif^erfive medijams, that the mean refiaa- 
gible fight is alwajs the and of a green co- 

four. 

** Now, in by for the largcft clafo of difpcrfive me- 
diums; indttdiqg ffiiit ^lafs, m^alUc folutioDS, effen- 
tial bits; the gfreen light ii not the mean refrangible or* 
dcr, but forfhs^ one of the lefs rcfrangrole orders o 
light, being found in the prifmiitic fpmrum nearer to 
the deep red than the extremb . 

« In another dafs of difperfive rtedlutns, which in- 
cludes the muriatic and nitrous acids; Hlls fome 
light beimmes one of the iigWcwffrtnjjbte orders, being 
now foond nearer tWo 
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ai^ the., variety in the refrangibility of 
rffifa^li^n tal^c# place in the conirne of 
tlifa<;pum»,;ajW^^i>bwoinena >n[\[ fcarce diIF« ftnfi. 
blj Wffr?i^n^^(Jein thccoaiW of deniii mtidiuma 

. , r ; ‘ 

, ^ Bot, when light paOes fron) onr (IcDfc medium into 
wiotheriitbe.caiea of unequal refr.tngibiliiy aiv more 
complicated^ r > 

« Ift refiaAious made in the confine of mediums 
which differ only in ftrength, not in quality, as in the 
confitie of water and crown-ghfs, or in the confine of 
the different kind? of difpertjve fluids more or lefs di- 
luted, the difference of fefiangihilitv will be tlie fame as 
above ftated in the conlinc of deuic mediums and air, 
only the whole rcfi^uftion viill be lefs, 

lu the confine of an indifperfive medium, and a 
rarer medium belonging to either clafs of the difper- 
five, the "red and violet rays may be rendered equally 
refrangible. If the difpcrfive power of the rare medium 
he then hicieafed, the violet rays will become the Icaft 
refrangible, artd the red rays the moil refrangible. If 
the mean refractive 'den/ity of tlic two mediums be ren- 
dered etjoal, the red and violet rays will be icfrarttd in 
oppofitc dire^tfone, the one towards, the other from the 
perpendicular. 

** Thus it happens to the red and violet rays, which* 
f^oew dafsof difperlive mediums be cniploycd. But 
the Tcfratigibility of the interm edi.'ttc orders ot rays, and 
efpecrallj.oFthc green rays, will be diffcicnt when the 
clafs of dtfperfive mediums is changed. 

Thuf, iq tlie firft cafe, wjier^ the red and violet 
rays arc renda*cd equally refrangible, I he green rays 
will emerge molt refrangible if thefirAcl^fs ofdifper- 
five mediums is ufed, and lead re/ranglblc if the fccond 
cl^fs is ufed. Anil in the other two cafes, where the 
viol^jt^ bi^comes lead refrangible, and the red mpd re- 
frangible^ ancj where thefe two kinds of rays arc re- 
fra£le4 ift' oppbfite dire^ions, the green .rays will Join 
tile red If the firil clafs of difpcrfive, rricdiuirv he em- 
ployed, and will arrange them k’lvcs with the viokt if 
the fdepn^ chds be made pfe of. 

‘♦Ofily onepaft morpof unequal refrangibllity remains 
to h€ % ah^thatf is.. when light is refraded in the 
cox^dne of tq^dlums belonging to the two ^diffvicnt 
clarteabf ^difperdYe fluids. Tn its tranfition, for exam- 
ple, from ail eflentfa^^ ^ metallic dilution, into 

the muriatic ^fid, the refraAive denfity of thefe fluids 
may be fo achuffed, that the red and violet rays diall 
fuffer no refTa^ipn,ln palling from the one into - ihc 
other, how oblique , foever tneir incidence be. But 
the green rays will, theq fqfler 4 confidcrable refra^lloo, 
and tbi^ refradbon wiff be from the perpendicular, wlicm 
light paff^s fropi the muriatic acid mto thy eflential oil, 
and tqwatdS'thc perpendicifl^r, when pafle? from the 
effentui b^, iurq the muriatic acid. Thy oj-her orders 
of raya wijl fulter/imilnr rffrafiions, which will be 
^cateA in fbqfe adjoining the green, and will dimi- 
nifli as they ap^j^Q, the deep red pn the one band, 
and thp, extpn^ violet on the other, where the refrac- 
tion cei^^bf^rely^ 

“ (pf the produfWon of thefe eflV^s, by 

the atlfai^%^of lihpfeveraL mediumSf way be thus ex- 
plained, We (hi! fbppofc the attraaivc forces, which 


produce the refraaions of the ted, gfecn liid vio 
kt light, to be reprefentod by the numbers, la, 
and t6, in glafs } 6, 9, 14, in the metnilic kdutibn ; 
6, II, 14, ill the muiiatic acid ; and b, 10, 14, In a 
mixtiiic of thelV two fluids. *l We excefs of attrgaion 
ol glafs for the red and violet light is equal to 2, whicli- 
foever of the three fluids be employea. The lefradioo 
cf thefe two ordcis of lays will ihcnefme be the fame in 
all the thiee cafes. But the exed^ of atludion for the 
/’•cm light is equal to j, when the metallic folution is 
Hied, and therefore the gieeu light will be more re- 
fideU'd tlian the red and violet, in this cafe. When the 
muriatic acid is ufed, ihc excefs of attradilou of glafs 
foi the gu’cn light is only i, and tiKicfore the 
green light will now be lefs refraaed thon ilie red .md 
violet. 

V/e fliaH next fuppofe the metallic folution and the 
acid to adjoin each other. The attractions of both 
iheie mediums, for the red light being 6, and for the 
violet light 14, thefe two orders of rays will fuffer uo 
refraaion in the confiiMofthe two fluids, the difference 
of their attraaions being equal to nothing. 

** But the atiraaivc force of the luetalUc folution 
for the greyn ray being only y, alid that of the muriatic 
acid for the fame ray being 1 1,* the green light will be 
attraaed towards the muriatic acid with the force 2 j 
and therefore the difference between th< refmaion of 
the green liglrt , and the unrefraaed red and violet 
lip^lit, which takes place in the condne of thefe fluids, 
will greatly exceed the difference of refiaftion of the 
green light, and equally rcfrafled red and violet light, 
whidi is produced in the couflne of glafs aud either 
of the fluids- 

“ I-allly, in a mixture of the two kinds of fluids, 
tbeaUra^ion for the red, green aodviiolct rays, being 
6, IQ aud 14, aud that of tlie glafs, 8, 12 and t6, the 
excefa of the attm^lion of the glafs for Uie green rays, 
{s the fame which it is fpr the tedahd violet rays. Thefe 
three prders of rays will therefore fuffer an equal refrac- 
tion, being each of tiicm atcm^led tow^ards tiic glafs 
.With the force 2 y (and when titw is the cafe, it appears, 
from the obforvatfons,! that the indefinite variety of rays 
of intermediate colour* and flisdes of colours, which 
altogether compofe folar light, will ilfo be regularly 
bent from their re^ilinear courle, /Condituting wliat hat 
been termed a plaiiafic refraCtioiu” 

III flioit, Dr* Blair lays, llwt he “ ufes more tranf- 
pa^ent mediums tlian the common ones i avoids or 
greatly; diminilhes tlw reflections at the furfjccs of the 
mediunw ( applies fluid mediums mure homogeneous 
thati thick flirrt or crown glaf^, which at the fame time 
difperff the different coloured rays of light in the fame 
proportion, which means an image ilproduced per- 
fcdly Achromatic, wWch is but impcrfeflly fo in l)ol- 
loud’s pbjcf); glaffot made of flint and crown glafs com« 
bifled, . * 

ACOUSTICS, at the end, a^^/, But this ftalCttf was 
repealed by the 15th of Geo. the ^cl, cap. 32. 

, AEROSTATION, pa. 4?, col, 2, 1 . 40, /or 800, 
r^aJ 6S0, — 1. 46, /er 28 rW 26, -—I. 48^ /or balloon 
rW parrtcliute.J. 5 1 and 52, /or z^hr^aa 26, and /or 
n read ii.— 1, 55, read 2 feet 3 inches. 

4 Y 2 Ta, 46, 
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pa, 46, col* if at the cpd of tlje article on yfrrd- 
JImfif UiUj Sec an ingenious and learned trCatIfe on 
the inatheitiatical and phyfical principles of Air- 
balloons hy the lute Dr. Damen, proteflor of phi- 
lofopliy and mathematics in the Univerlity of Lcy- 
d'jii, entitled, Phyfical and Mathematical Contem- 
plations on Aerollatic Balloons, &c; in 8vo, at 
Utrecht, 1784. 

Pa. 70, c'd, t , 1 . ^/f/g — I ~ 2, — 1 . 5, at 

the en<l n.id — — J =2,. 

““ 7 

/+-.V- 7 - 

y\FFK('rED Equnt'unsy aJ I (from Francis Ma- 
fercs, lini.)— “ Tins expreflion of K quad jus 

Iccnns tu require fome fuither explanation. It 
^vas int'.odnccd by the celebrated Vietis 
fither and rcllorer of Algchrd.^ Me has many ex- 
preliions peculiar to himftlf, apd which have not 
been adopted by fubfeqncnt' Algcbr.illls. ^ Amoiigil 
ibcfe aie the following ones. He calls a fet of 
(plan ities in contiiuial geometrical proportion, (fuch 
ns tlie- quantities i, w, .v% \^\x\ &c,) 

a fet of fc.iliir quantities, or inarfiuudines fcalares ; 
ainh when there arc fivcral of thefe fcaJar quantities 
mentioned together,, (as in the compound quantity 
aS 4“ — //Uv ^, ) he calls the higheil quantity, or 

that ' which js farthed in the fcalc of quantities 
1, X, a' 5 , ^q, ^to wit, the quan- 
tity in the faid compound qnaniily a' + — 

the pmocro\ the fundamental quantity w, or of the fc- 
cond term in the faid fcale ; and he calls the lower 
fcalar quantities wdiich are involved in the fccond and 
third terms of the faid compound quantity 
— to wit, the quantities .v"* and (or, in our 
prefent language, the inferior powers of a’,) fcalar 
quantities of a parodtc degree to ws, or the power of 
the fundamental quantity x. This word parodic I take 
to he^dcrlvcJ (though Vieta does, not tell us fo) from 
the Greek wqkIs rxpx and 0^05, which fignify near and 
a way or rnad^ bccaufe tliefc inferior fcalar quantities 

and lie In the w ty as you pafs along in the fcale 
of the aforefaid quantities I, .v, a*, a**, x\ 

ScCf from i tom^, which he calls the power of w in 
the laid compound quantity x^ + ax^^b^xK Thefe 
infcriour fcalar quantities x^ and are therefore paro- 
die, or fituatcd In tks way tn^ or arc leading tOy the 
higher fcalar quantity .vh He then proceeds to define 
a pure power \ an ajuied power y and tells us .that ^ 
pure power is a fcalar (juantity that Is not afFc<fled with 
any paroefic, orfinferiour fcalar quantity, and that an af- 
Kdrd power is a fcalar quantity that is conne<5lcd by ad- 
dition, or fubtra(Sbon with one, or i;no,rc, w/iriofsTy qr^ 
parodicy fcalar quantities combined with co-cifficicitts 
that nilie them to the fame dimenlion as the power it- 
fclf, or make them /jornojeueous to it, and confequently 
capable "of being added to it, or fubtraded Trooi it. 
Thus alone is a pure power of a', namely, its fifth 
power; and -f- is a/i ^effeJ power of x, 

namely^ its fifth power uffe^d hy^ or conn eBeet wilhy 
\\\^ \.'XOparqdtCy or inferioury fcalar quantities .v*and.r^, 
which are multiplied into Ih and in order to make 
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them hm^peneom to, or of the fame dimtnJioH with, a* 
itfelf, and Capable of being added *to it' or fubtrafted 
from it. -See Schoo^ten’s* Edition of VietaV works, pub- 
Ufhed at Leyden in Holland in the year 1646, pages 
3 and 4. 

^‘ This, then, being the meaning of the exprelfion, a 
pure power and an aJJeBed powery the meaning of the 
correfponding exprellions of a pure cqiiatloft' and an of 
fided equation follows from it of couife ; a pure equation 
fignifying an equation in which a pure power of an un- 
known quantity is dcclaicd to be equal to fomc known 
quantity ; fuch as the equation aS = 79 ; and an af. 
ftBed equation fignifying an equation in which a power 
of an unknown quantity afteded by, or conneded, 
either by addition or fubtradion, with, fome infeiiuur 
pov^crs of lii<* i line unknown quantity, (multiplied into 
proper co-cfiuieiits in order to make them homrycneoot 
to the (aid hl-hell power of the faid unknown qnan 
tity,) is de*ck;rc(i to be equal to fomc known quaiiiij ; 
fueh as the- equation ,tS — 79* Thi, I 

take to be tlic original mcaningof the exprdTion an a,'- 
fe tied equation* lUit, as the langnago of Vlet i has nrjt 
been adopted by lulilcquciit wi.tcis of AlgcbiM, \ 
fiiould think it would be moic coiueiiitnt to call thtiu 
by fome other name. And, peril ips tliofc of Ihnn'ialy 
iiliwmialy qnadi aiomudy (juinquinond dy aiij, in general, 
that of multinomial eqnaiiont, vvouKl be as convcnitnL 
as any. Thus, av 4 * ax — rr, and -f a\- ) \ 

and A 3 4' ndx rr and x^ + ale = andA'^-b-^i^ 
r^y might all be called bnomiil equations, bccauK- 
they would be equations in which a binomial y 

or quantity confdting of two terms that involved the 
unknown quantity x, is declared to be equalto a known 
quantity ; and, for a like reafon, the equations 
A'^ -f-' f 7 A’’ 4* ~ — ax^ 4“ ~ 

and A* — ax^ 4- b^x — and 4- ax^ 4- b^x'^ = ; ^ 
and X* 4- — b^x^ = and x^ 4- 4“ 

:= r^y might be called trinomial equations. And the 
like names might be given to equations of a greater 
number of teims. Dr. Hutton, I obferve, in his ex- 
cellent new Mathematical and Phllofophical Didb’onary, 
juil now publijhcd, (Feb. 2. 1795,) calls them compound 
equations ; 'which is likewife a very proper name lor 
them, and lefs obfeure than of nff'cBed equations.'^' 

Pa. 76, col. I, I. 25, /w \/3 F I — read 

■ a/ 3+ * ~ v^3 - 

Pa. 94, col. 2, 1 . 34, fir Spaniard, read Portu- 
guefe. 

Pa, 95, col. 2, after 1 . 21, or the end of the para- 
graph relating to Dr. Barrow, add as follows :-^Of thefe 
ledures, the 13th deferves the moll fpecial notice, being 
entirely employed upon ‘Equations, delivered in avciy 
curious way. He (here treats of the nature and num- 
ber of their roots, and the limits of their magnitudes, 
from the defeription of linos accommodated to each, 
viz, treating the fubjeift as a branch of the dodlrinc of 
ma.xima^pucl minima, which, in the opinion of fomc 
peefons, iVthc right way of confidering them, and far 
preferable to the fo much bojdled, invention of the ge^ 
nentloii of Equations from ca<?h other» difcovered by 
Harriot ^nd Defcartes. ^ , 

Pa. 97, col, .^rafter I. 3, rtt/^-r-Dr. 

Rev, M. Vmce, pi' Cambridge, have both given many 

improve- 
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Jmpi*Qvcmcnt| and difcoverles in fcncs and in otlier 
brand>€8 of analyfis. , Thofe of Mr. Vince are chiefly 
contained hi the latter voUmus of thePhllofophicalTinnf- 
a6lions ; where alio are fcvcral of Dr. W.ning’s ; hut 
tijc bulk of tills gentleman’s imptovementsare contain 
cd ill hifi feparate publications, patticulaily the 
tationes Algebraical publiHied in 1770; the Propriet ors 
Algehra'tcaruw Cur^oarum^ i ^1'*^ Meditatiums 

Analytical an acenunt of the chid contents of 

\shich, a friend has favouicd me vvitli, as follows. 


Of Dr* IVarinfs Meditationes Al^ehraica. 


The firll chapter treats of the transformation of al- 
gebinical equations into otheis, ol which the loots 
have given algebraical 1 elation to ilic roots of the gum 
ccjuations. 

The general refolntion of this problem requires t!ic 
finding the aggregates of each ot the \a!iks ol alge- 
braical finidtions of the roots of the given ciination : 
foi tliis puipofe the author begins with iindmg the iiiiu 
ot the w''‘ power of eacli of the roots ot the eqiu.tion 
— iScc = o liy a feiKs proceeding ae- 
eording to the diinenllons ot the turn ot tlievooi>; 
this ferics (when continued in inl'iiititin and converges) 
llnds alfo tlie fum of any root of the above-ii.eiiiioix d 
cuinnlitus. Fiom this feries is dedneui the hnv ot the 
revel fioii of the ferics y = ax /n' -|- r.d -(- "cc, 
wliloh finds .V in terms ot^S alto the law ot a feiics, 
which cx-prelfes the grcatetl or hall roots, and then pow- 
ers or roots of a given algebraical equation, and which 
may be applied whether that root is poflihle or impol- 
fihle, if the root be much greater 01 lefs tliaii each of 
the remaming ones. All the powcis and roots ot 
this ferics, when continued in lannitum, ohfeive the 


fame law. • 

On this fitbjetft are further added foinc elegant theo- 
rems; of which, one finds the turn of all quantities of 
this kind a^iSV, &c 1 where y% denote the 

loots of the given equation. This has been (nice pnbhlh- 
ed by the celebrated maibcmaticlan Mr. le Orange in 
the Academy of Sciences at Pans. 

There is alfo added a method of confidcrable utility 
in thefe matters; viz, the affiiming equations whofe 
roots are known, and thence deducing the coeflicicnts 
of the equations fought : and alto from the terms 
of an inferior equation deducing the terms of a lupe- 


nor 


The fecond chapter principally treats of the limits 
and number of impofiible and atlinnativc and negative 
roots of algebraical equations. ^ . 

Some new properties arc added, of the limiting equa 
tions rcfulting from multiplying tlie fucccfnve terms ot 
the given equation into an arithmetical lei ics; and a 
method of finding limits between each of 
a given equation, fince publifhed in the bu in ‘ 
and alfo fume new methods of finding equanoiio w^ 10 t 
roots are limits between the roots of other equations. 
In theor. 4 and 5 are contained qnantIiKi> whicn are a - 
ways greater than certain others, when they aic a po - 
Able; from whence maybe deduced Newton s and e- 
veral other rules for finding the number of impommt 
roots; thefe rules may be rtndtied fomewhat moi< ,,e 
neral by multiplying the given equations into o iiu^, 
whofe root® ‘ 


poflibic roots may be deduced by the rule in the refnlt' 
ing equation, which cannot from it he dlfcovcred in 
the given one. A rule is given, deduced fiom each 
fucctfiivc four teiins of the given equation, and conte- 
qiieritly niueli moie geneial ih-in rules deduced From 
each fuccetlive thue tciuit.. Tiie foiiner alwajs difeo- 
vers tlie tiue numi)(.r of iinponihlc loots contained in 
quadiatic and «-ui)Ic iqu.Uions, the latter in (juadr.itlc 
oiilv. 'Idieie is alfo a luK for finding the numher 

of impotlilile roots ticmi :ui t ijiiat ion, ot which the loots 
aie the fqiiaits, of the ro ol a given cijualion ; 
iiiul a fecond fiom an ccju.itimi c't whieli the roots ire the 
ttjuiies of tlk dilleiciu.;; of t’le toots of a j'jvui equa- 
tion ; and alliiid lule itn lindiii;.', .in cipiation, of which 

tl'.e Toot i.s rv*'' * — ri~ \ /'i""' -f if 

» -p yi’> 5vC C' l)j the given etjuarion, 

^e, rhifelitter rcfoliitiotis al’vavs difeover the line 
n'ln-het oi urpolh'Dle loots ( out amed in eiihic, hiqu i- 
dratie and fnilolid equetions; and alfo wlkthei 01 not 
any impolVihle roots .are eoiuained in any given equa- 
tion ; and alfo fiom the hill tciin wlu t*!ier the niunhcr 
of imponiblc root 1 eontaiiud hi 2, b, io,yhe, or o, 4, 8, 
Ttie piinclple of a qtli rule is given by hndhig 
when tw’o roots once, twue, ihiice, &rc, or tour, ^i , 
roots become itpid. I'lom a method given ot tinding 
the numher of impofTihle ro)ts contained in an eipii- 
tion invidving only one utikiioivri quantity, is deduced 
a method of difcoMinig limit, liilween wdiieli arc eon- 
tained any iiumhei ot impollihlc roots in ^ ui cquitioii 
involving two or more unknown quantities. I'loin 
the number of inqioinhle, atfiimilive aid ^'■jpltive 
Vvvois contained in a given equition, Is delivered a m^ - 
thod of tinding- the numher of inigoirihle, ^'e roots 
contained in an eipiition of wliieh the loots li ive 
a given algcbiaieal lelation to the roots ot the given 


equ ition. . . . , , 

The priiieiplc V an ruhjoined ot finding the ninuoer 
of alfirmativc and lugative rofits contained in an algi" 
braieal e(piatioii : hut this necetfarily fuppofesa nn thod 
of findiu}!;' the number of its impofTihle roots known. 
It is dciiumfliated, that if the equation .v'’ ' -h 
„^n-i __ 0 muhiphed by x — iiy then ewry 

change of ligus in the givui, will have one, or time, 
or five, vxc'iii t!ic ij'ultiug rcpialiim ; and it it he 
m dtiplied by a: f o, tlicri evuy eontimiatxm from + 

to q- 01 - to will ptud'iee one, or thue, or five, 
S<c fucli conliiiu. Ition , in the refiihiig, whiiiee every 
equation a" d- ow.l! contain at had fo 

many changes of figus in its lucccfTive icnns as ihcic 
are aThnniiive roots, and to many tontmm d progr. Ik s 
from -f to + a-^d - to as tlicre arc negative. J»i 
a biquadratic -f />v^ H- y-v" f rv -f- a - o, ut 
wliich two rojts aie impofhhh, a m] j wn allnmative 
nmmtitv, then it is dcmonlliatul that the two poirible 
<!ncs will be both negative or hot!) adimvafivc, accord- 
ing as - 4^7 P affn^nativc or negative qmui- 

titv, if thchgi.sof iliecotlikk-nis, y, r, ai<-' 
ihcr all affirmative, nor alt.-n.ately - and f. 1 he 
number of b*mpofIlhlc and allh. native and ncgaiive ihots 
coutainu! 1.1 the cquati.,., V' + Av- + Ig- o ,a 
llke«ifc given, II /g- ‘-r 

r .|j q- = 0 and /r" — 

-p ^ 'to, then t)ic content of all the values 
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of ilic qnai>iitv zv will be Ao the contentrof all the values ariginalj 

(jYiaKity^'kr? ^'m/wlbpcc 'ar< ^ 


y-i\‘ 

cte(liHftil fii^e’pv!r^tfej‘^t)rjiyrah6^^ c , 

ket the thii illation between the ab- 

^ i- rjr® ‘* + &c. 
Xhvfl under the (^ -f 1 ) greateft ordi- 

n^s j^ fquAre ef the d<ynteikt:of all the dtdan- 

cc^ iK^wccji aii^ two Dinars »a.whi«]j^ ^hc c\\ii 

the ^}rvt i t V 2. Xlw qaotiept of con- 
tcile 0^^ ^ feneS dfvfdir^ by the «fbntcut or all the 
coftdes ib the‘!|[>tjTnts ^ 'wjirch' the'ablblfijtwts th curve, 
t* to’lh^^eomeyt 'of^'ebd fibbveibchtioned mtJateft 
oh^i^ate^l’3 ShhllaVi'fbpbfitibns arc deduced 

cb^erhini^* th'ti^ Wij(i\tc4 tb’llie poiiU of boiitt^try' 
flttcure, 4* “ ]. 

' 'I'lfe’tHWchiipt^^s Vertot, jebne^mg; 
tht? i^(Ste 6f bbiitib’riirf'br; Ir^atihnafouiptitiei,’ whicit 
havti Wveh 'r82(tFbnli'bb!1&ifiYbd^ is ^fforiqed 

HM.^^SiffftuiWn W thi* corohiOQ 


Iqirihfidei r^tfJ.Titf 5 “AhtTid ' cOriccrnFng 




, J;t« »Ajvl« 

-iMt 


Wb4iJbiy< 

'**' *'^dhknbWrf diii 


11 uuainfit^i vAreh ^^oafoqaeatly re- 

tiUircli eljiifttfibnt 6f cohdition ; 
re l^tewife wducefd^llthb ^hc thethod of fin\!lng 
^ w'di^riL’ jffly'/Cdrfbeiiciln^ the i^blution of 
etj^dh'^V rh^hS’drfe l^gfi^ch, il. ^e ireditQioii or 
rebb^^^ a. Some prO- 

plfeVtM' 6f tVebofi * of ? 



•TOTrrf^T^jTrfTi!) 

. A r, ■* - ‘i . \ tfci 

fyi 


W» 9f :V'(^ + »*) 


V tl(tA vJ 'W 

I J r. t y\_ W 4 

A A 


my 


iiicyy if )mf 0 t are the 


'5.- X re^?Won of «<)0I. 

‘>(W WgWsyJ iM y*t J^lvuvered, riz, the aSu^iing 

Scor^fldextermlDaVmg 

.meikiJac^ iiifflKijt irefohitioiu of cAUc| from 
!k.*i/P^ differeat Kfctotwntjf 

;fe4!li 


'• ItTlU ^ j -yS *■***— * "' ’ '»**•< ‘ '^*‘«- •’ 

^ “At sr + 

hc% m dt^fceed Be Moivre*f eqaatkniy and 
icwkF before deHteiied- 

<fr tia ft^utfaV + Vf + «E«. 




^qrauonal quaflWk^,! 
the equation frttd frotp ,wj^ 

? =? f*^hcr afcen4|ng.o^'d^^^ 

to the djmenfions of av tom thqip;e w 

of a^rle* confilUng ,a}tcra^te 

at fM) diftance, frpi^ each |0^K^ , 4jt ja ^prp^yed, 
that Can^a> refolutnop qf ,a ,enWcr isj ^ r,49jHV9a of 
ao equation, of 9 tlia)cnfi,oqa,oi; three ,QubIci ; 

fimilar'principlcs iire' applied, to fonjit^ other cqji^tions. 
12. Q^ei^priqc^le^.are gi^O.{af the dedooing the 
fuudion. of the i^ots of thCfgiycu, )i(rh«ch cc,a(!ti^te,tlie 
cQc^icnts or roots of ^he ^ransformjed equation, E* g. 
Let a cubic equation 4* r =; p ;aQd - 

-2- t= Jy;f thence is fheWn the fuhftipn of the rocta of 

3». ’ 

A’, vrhieh conftitute », and further^ the ca'fes df the 
cubic, which are refolvaWe by the transformed equa- 
tion, whofc root i^ */ the fame pWndples are applied 
to biquadratics. 13. The corrtfpondent impoflible 
robes of a given irrational quantity are deditctd ; and 
alfo the dmereni foots of a given refoldtion* 14. The 

biquadfatic , of the formula jp* 

-^e — — iai=<5is diftinguiflied into two qua- 

dratic equations involving only poflible quantities, and 
thence every algebraic equation is pi-oved to confift of 
fimple and quadrauc divifors involving only poflible 
quantities* Mj. A method is delivered of transforming 
irrational quantities into others j but it! ie cautioned, 
that in redu6ion and transformation correfpondent roots 
Ihoold be ufed^ oiherwife it’ is pfobaWe thsti we (ball 
falHnto errors, of which examples are given. 16. The 
coftvergency of i root found by the common method 
of approximations is given; and it is'difeovered that 
the ^nvergeiiey principally dependi^ oo thc quanilty 
aflumed for the root hieing much moCe near to one root 
than to any other 5 and independent of it,'' not on how 
near it is to a root* 

The fovitfa chapter ia principally cohveifant con- 
cerning mote tlgebraiod. equations aii(|i their r^du^ions 
to one* a. It gives the law of the refolution of any 
number' of fimpht equatioue; and the rtdu^Jon of n 
fimple eqaattons to «r — 1 by means of others. 2. The 
method of reducing more (4) cquationa into one fa as 
to e:lterminate 4» — i unknown quantities by the pk*- 
thod of common di^Cbrs, and furtneC deli vers theprin- 
dpks oCiDKftfgittng.the roots or values of the unknov n 
qoiniities^ which itftdi from this, or, which is much 
the fame, from tlm .common 'meth^ of Erafmus Bar- 
tholiitns, and adikk aft not contained^ in the given 
cqUationa. 3. If two algid>nuoai tquatioiii of n and nt 
dHRcnfiona m the unki^waqttantiiicfl'jrandy are re- 

dnoedto one as toeitermiattcoilQ of the unknown 

iven of finding, the d|- 


tn^eired here mVcb ^erujb j affbMhg 

dm refolotiob, .7. Tht refdlotibn and 


tjibuisfen* 

d mbit gtndt _ . , _ , _ 

dlilfif^ . of equations frpdt ciie^mittating' it 
q^tlti^. ]||ledqA‘iba'hf^ 
tft^j^^^dedbeed from thcih te the are 


qiiaaiilies, the prinopki are gdven of Jloding.the di- 
ntcftfioaa to which the other upl afeendi if it afet^us 
toiii dt ai dSmenfiona; then.tlm fan! of the roots de- 
pends on ,tht tqmui of M andw t-til^ifmenfions in the 
opf» artd lie and « — i iothW'OtherMftiKlItdiyarlf of 
the prhdutla of every two; ilm. : pi^iflciple 

r I > ie /«iirvc8. 
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The we tppHed to more equations ,11.1.. , 


iittfo!rh»r-iW«t ttijraown quantities. 4. Some two’ 
c^teatfOiH df fbllnukc are reduced to one fo as to 
etteMititkU one unlcnown quantity. 5. Two equations 
afif Kkeiarifejrcduced to one fo as to exterminate unknown 
quarititlet ky tticans of infinite fories. 6. A metliod 
of finding WHcther fome equations contain the fame 
roots of the vnknbwn quantities as others. tioin 
the corre^ndcnf roots of the unknown quantities in 
g:ren equations are found the conftittitiou^ of their co- 
eiScients ; and from thence the aggregates of the func- 
tions of the r^ts of two or more equations, 8. Some 
things are given concerning the transformations of 
more equations than one, of their impoffiUe roots, of 
ihrhr roofs which have a given relation to each other. 
9. Some redu<'lions and rtfolutions of more equations 
involving more unknown quantities. 10. Iftwoequa- 
tlons fimilarly involve two unknown quantities .randy ; 
then the equation of which the root is .v or y is demon- 
flrated to have twice the dimenfions of the equation 
whofe root is any rational fundlion of .v H-y or + jf* 
or any rational recurring fun<51ion of .rand y/ and if 
for y be fubflrtuted — y j tlicn in the equation whofe 
root is the refulting quantity the dimenfions will be the 
fame as In the equations whofe root is x or y, but its 
forrtiula - will be of half the number of dimenHons. 
The fame principles are applied to more equations limi- 
larly involving more unknown quantities, ii. If there 
are two cquailoHS involving two unknown quantities, 
one deduced from the other, by fome fubftitmions ia- 
veiligatCd from equations fimilarly involving two un* 
known quantities ; then the equation whole root is orre 
of the 'Unknown quantities will be recurring, 12* X»ct 
A and li be fundions of jv &ndy, a method is given 
of finding, whether A is a fun^on of B. 13. Me- 
thods of approximations to the roots of equations when 
they are unequal, or two or more nearly equal, poffiblc 
or impnlTiblc' ; and alfo fome remarks on the increments 
or decrements of the iqota, -^n pafRng one equa- 
tion to otliera of the iaaic number pf dimenfions are 
given. ‘ . , , 

The fifth chapter treats of rational and integral values 
of the uhknowh quantities of given equatioiw. , ' u 
I. Xt finds the rational and integral fimple, quadratic, 

See divifofe (by a ^method different WaVffaner*s) 

•f a given equation^' which in volve.s one orAjore uW-' 
known quantities. > ' if two ^equations ^invblve' (WO» 
unknovirti quantities and y j ihe fame irrattonAfityi 

whirK 1 I *1. A.i.ira .lil. i >4 * 


which comaiirtCd Witt ’ likewrfe bt' contained ... 

its correfpondemr value unlefs two or' more vat«<s 
of the quantity (.a* or ^y)- anc equal; Ac. p' A miHhod - 
*8 gtveii of fin/dihg lotej^al oorre^^ndent vallitS'Of the 
unknown quantities of two or more equations involving 
aa^many unklloMm^^quimtnidsv^ method is alfp 

delivered df deducklg wheua given equation can be 
folvcdjby mdani of cube< ^ roots t and fvheni* 
hy fimilar ttiethoda be rodihjed tofeqdations 
7«da:!^!itkdiindiifittiis. i'ji A mtthbd Is given of finding' 
^ quanchy oiiWnibcr; ini Which are coniafihed all be 
or integrtil'iqnantiiics*, 
P ^ fr^ Schoottn^s; Newton's, aisd 

tile t root eof^a tnnfimial furd 


A‘ - B wn be extraded. where A + vP it the re. 
fulting furU , and .t f.irtl.er proved thlt muUiplyinj, 
i .o «vcn ford . + wiU render Newtw,* 

Kfolut.i,* a»gcneraJ aitheothtr»| and laftly the «- 
traajonoflhe («'‘)_root of the quantity A + 1 l^t+ 

‘ h given. 7. The law of Dr, 
Walhs s approximations in terms of tlic fuccclllvc quo- 
tients, as alfo of continual fraabns is deduced. 8 . A 
method of deducing the integral values of each of the 
unknown quantities x,f.x,v, ttc, contained in Ute 
equation «» + ijr + « + A, ± &c q / = 
terms of qui^ntitics, for which may lie adumed anv 
whole numbers. .9. Two or more equations jrc n> 
duced to ope, fo as to exterminate iin|5^>wp quantities 1 
and if the unknown quantitici of t fie refulting equations, 
be in,teg|ml or fr^6 tonal, tkcp the tinkoowjf .quantttin 
of the given equations will tlfo^e inteoM or fhiaionaL 
<l«^i^ered of deducing equations of 
uluch the unknown quantities admit pfcorrcC^ndtiit 
and, knpiivn mtegfal qr rational v^uca, , 1^.. ^^orre- 
fpondcut;iid,^gr^r or rafional , values oC nnknpwn 
qunntities m fcvcrpl eqiiapons are g;Wn,.ir)d from W 
values of 4 hc abqv^mentiWd ki>4 gfy^:n,, arc defa- 
ced others* ,I2„ A tqethod of denoting any numl^cm 
either by fpu(8, fives, Axepi anq tfieir powers t 
and futu^r properties deduced as ia,decimal ariSjnetic! 
13, It 15 dcmdpftr^lcd.tbat the Turn, of the dWiforsrf 
the numocr = fl has to a greater in 

than the fum ,hf thcdiyifpn^ of any.' number (Lq 
N has to JL ; and fpmeothcrjfimilar propwn’es, , Ig 
the PhilofophicalTranfa^lons aregiveo properttCifimi- 
lar to Mr.iluler's ol th^ firm qf cCvifiua of the natural 
numbers, and fome others. 15. Let N = «» -f r$% 
where a, by fy p and q arc wfiqJc numbers,, .thc/i 
Nzw + I and + * can be compoiindfed by 'fw -f f ) 
different ways of the quantities -f rtf^ f toe difl^ereiit' 
ways were firff- given in the Medit* ‘ 'jo. Eveiyuumber 
confiffs of I, 2, 3 or 4 fqiiares, and of f, 2* 3 i 4 p •* p 
cubes, and therefore if a number N te emial to 3 fqiHima 
or 8 cubes, the problem may not be pofli»)le. 17. Let 
X and z be arty whole numbers/ ahd ti and b nuitibem 
prime to each otheC, then ax +-’ bz can Conftftute Jrny ‘ 
mi^nber, which exceeds a X b ^ a b, j 8. X*ct r 
the greateft common divifoy of m and n — i, where n, 
is a Jirrme rtumbcr‘; the number bfVemsffttdcf^ froni 
divkibn of the h umber 5^/ Ac,; in infinkum by 


^ from whidb ate dcdbchdiWcril 

jircipofitihn.s. 1I9. ^Ir John Wdlbn's prope^y deli^vered 
add tdemonftraUd, m, U 2. 3 <..n 1 1 vw3i ha 

divifible J fiipipbasr. jio. The Aim 
+; 3 ^f arefoqad.di«(fih|c 

be. whole wjiipiui;;. 

rpo,p*pt>q',ilf):,pi:gper|y pfAr^.himqdjsj^ofj^lie , 

'‘■•^ngle? ID, p,«on?caf parabola. , ft^ Sof^ pTPpotiie. 
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ProfeHki qJ Alg(hiai^'C\ir«^ti% 

The equation cxprefling the relation between the 
nbrcifi an4 lU correrponfcnt or(Jirie1t€s of, a cuive^ is 
transformed into another whicli expreiT^ the rtlatron 
between different abrcifhn and their ortllnrites, from 
which is deduced, 'that there may be n and not moie 
different diameters in a cit^fc of r? i jf»rder, whicIi 
cuts its ordinates in a given angle j and liliewlfo that a 
diameter can have np n'lore than « -* t dilterert ineli- 
nations of its ordinates, qhlefs the diameter he a gencial 
one. 2. The formula Of' the equations to cnrvts, all 
whofe diameters are parallel, oT cut eaeli other in a 
g\’cn point, or which have a general diameter to\xhich 
the liiKS any how inclined aie ordinates, It is 

proved that there cannot be more than ---• different in- 
clinations of parallel oydinatfSi ^^h)eh cut the curve in 
« — points only,, pofiihle or irnpoffihle. 4. Some* 
thing is added concernir|g dlap|ctei?, which cut thcir 
ordinates on both fidea .int^o^equal parts. 5. it is dc- 
monftrated that there, ore curves of any number of (.dd 
orders, that cut a right line in, 2, 4, dee, points on!) ; 
and of any number of even prders ,that cut a light line 
in 3, 5, 7, &c points ; and conftqucntly that the order 
of the curve cannot be denounced from tbe number of 
points, in which it cuts a right tine. 6. The principles 
arc delivered of finding the afymptotcs, parabolical 
legs, ovals, points, &c, of a cur\e, of vyliicb the equa- 
tion marking the relation between the ubfeifs and its 
ordinates is given ; and alfo given the number of af) mp- 
totes, parabolical legs. qf different kinds, ovals, points 
of different kinds, the lead order of a curve, which le- 
etives them, is deduced. 7. An equation expriffing 
the relation between abfcifs and its ordinates, is 
transformed into an equation cxpi effing the relation 
between the dillanccs from two or more points, the 
latter may be varied an infinite number of ways; and 
thence arc deduced fome properties. Many refolutions 
of this kind are only rcfplutions of u particular cafe 
contained in it ; and confcqiwntly can never be deduced 
from any general, rcafoniug ; they are often deduced 
from foine particular cafes, which arc known to anfwcr 
fevcral conditions of tfic problem. Transformations 
oF^ given curve into olheis by fabllilutions, and proper* 
tics of the loci qf fome points arc deduced, from w hich 
Mr, Coles’s property of algebraical curves, and others 
of 4 firnilar'a^ forncwliat different nature are derived, 
8, l,et a curve n ^imenfions have » afymptotes, then 
tlie content ot the «, abfclffe wnll be to the content of 
th^ fl ordinates, in the fame ratio in the curve and 
afymptotcs, the funi o( their fjiJ Uibirormajs to ordinates 
perpendicular »to their abfeiffae will be equal to the 
curve and thq afymptotcs; and they w\ll have the 
fame central and diametrlal curves. 9, Some propo* 
fitiqns are added coneermiig the conflrinflion of equa- 
tions, and lome equations are conflru£led from the 
principle? of Slufius.— If Curves of n and m dimen- 
lions have a common afymptoU* ; or the jterms of 
equations to the curve? of the greated dimenfiqns, have 
a common’ diyifor, then the curves, cannot, iiUeife^l 
raeV other in n X m points, poflible or impoffible. If 
the twq curves have a common general cent^re, and^a- 
terftjft each other in « OT^poiuUi 'lncn thc fuin of the 


affirmative aWeiffae 8 cq to thofe be equal to 

the (urn of the negative ; and the n fubnor- 

mala to a curve winch has a gewrahjcciitrc will be pro- 
portioual to the diilance from tliat centre, lo. Some- 
thing, is added on the defc»iption ql curves. 11. No 
curve v^-hichhas an hyperbolical leg of the conical kind 
can hi general be fqnared. 12. It is demonltrated that 
no oval figure, which docs not iateHcclilfelf, jn a,glu-u 
point, can in general be^expreffed iu finite algebtaicd 
terms. 13. Given an algebraical equation, and fimilarly 
equations exprefling a relation between w and y, &c ; 
and alfo a fluxional quantity which is an algebraical 
fun<rtion fzj of X and y and their fluxions; ,a methud 
is given of deducing an equation whofe root is,*; and 
thvncc fome properties of curves, 14. Proper lies 
funilar to the fubfequentof conic fedions, are extcnd(.d 
to curves of Superior oiders, vj/., if lines be dr awn from 
given points in them in given angles to four lines in- 
feribed in the conic fedlion, then will the icclaiigle 
under two of thofe lines be to the rerflanglc under the 
other two in a given ratio. Several piopeities .iie 
added, wliiclr follow from the application of algebidieril 
piopofitioiib invented in the Medit. Algebr. 10 Lin\L 
lines. 

The fecond chapter ti'eats of curvolds and eplcurvolds, 
or cin'vcs generated by the rotation of given curves on 
right lints or curves, ami gives a method ot redilyin.; 
and fquaiing them ; aird fronr the radii of curvature of 
tire gcrrerating curves bclirg giveir, it deduces the lengia 
and radius of cur vature of the curve generated at the 
correfpondent point ; It alio i^fl'eits that from tlicnr 
may be dctluccd the conlliudign ot the fluxional equa- 
tions of the different in tiers. 

The third chapter- treath of algebraical folid'i. i It 
deduces tire equation to evviy fedi<;n a folid gent- 
rated by th«^ rotation of a curve round it 5 axis ; .u d 
from thence the diflcrent feCtrons generated by rhi 
rotation of coiric fedlons lound their axis. 3. Tu 
equation to folids contains the relation between llu tv\.; 
abfciffx and their ordinates,, and the order of tin lol.d 
may he dillinguiflred accoidingto the dimenfionsuf tin 
equation or the folid may he defiricd by two cquatiuiij 
cxprcning the I'clatlon between the three abovemeii- 
tioned qiiantiiicP, amj a fourth w'hich mtiy be the axis of 
the fcdion : there is further given a nrtthod of de- 
ducing the equation to any fedion of ihefe folids, aiul 
from ;t the cqijaUon to the curve projcAed on a pluiie 
by a given curve. 3. A method of deducing the p> >• 
jedion of a curve or folid on each other, 4. If the 
equation be x ^ u Of ( v being the diflanct* from .1 
given point) then it may denote the periphery of a cudt 
if one plane, or the furface of a globe if it refers to a 
folid. 3. Let .V aitd y denote the dillances from tvo 
refpedive points, then an equation cxprcfling the rela- 
tion between x andy defigns the peripheJ7 of a Qinve, if 
contained in the fame plane, or the furface of a lohd 
generated by tire rotation of a curve round its ax’ , 
pafliiig through the two given points, if a folid. An 
equation expr^-ffing the relation between lines dravi u 
from three or more points tnay denote an equation ti> a 
folid. 7. If X, « andy denote the jti^o abfeiffe? if'* 
correfpQndtnl ordinates to a folid, and the tenns of '• 

, andy, Zt ^ory and 15 : or and y be im i* 

, laily into, two 



dMlirdifl'gtnrt^l-fnto'tWice, four or fix tfmej the ore arervt; “/ j. P’’*'!’.'-''!:'" o'" circles, riven by Arcl.iniedei 
ce*ng wirabe»-J)f equal parts. 7. Curves of double and eeometf ‘he algebraical 
cumtiie^ delJgntd by two equation, exprefilng the kcIISp . Jh ^fP^PP'!* are rendefed nunc 

relation bemeffl. two abfcifoe and conerponJentidi- Xr c.Cr In1b‘ •‘PP^‘’-'‘‘ '>' "’*"y 
nates, or l^tyeen lines drawn from thiee or more in Xtte,. r V “ of ‘his book pubbibca 

points; f.m.larpropemea.may be deduced from thefe as orderol X ‘ho lines oi tL fouiiU 

from th« equations to curves. _ rT pi maples as Ncwion’i eminieration 


Chapterthe 4th treats of the maxims and minims of it-aed b'v 7 l,:."M;r" ‘ rV.'" ''"cc been rcw 

iIirrmiM Sofr».K,.I ..,,1 J . J M by till .ultlior as not fiifficiciuly diftineullhinr 

and the curve, and as being of no great uiif.ty. ^ ^ 


-T"- ‘MrtAims ana mini 

polygons bfcribed and eirciimfcribcdaboTit curves, ana 
thence dcdoccs certain quantities c^iml to each other 
when iTtaxims and mirtims ate aontained at evci*y point 
of the curve ; it further contains feveral properties of 
come reaions* I. If any rc^ilinear figure circum- 
Tcribcs an cllipfe, the content under the alternate fcff- 
inents of the line made by the points in which the line 
touches the eilipfe will be equal. 2. Ifarlghtline cuts 
a conic feaion. and the parts of the line without the co* 
me feiflion ort both fides are equal ; and any rcMincar 
figure, which hepns and ends at the bounds of the 
abovementioncd line, be deferibed round the conic fee- 
tion, then the contents under the alternate fegrncntsof 
tiiecirciimrcriblng lines as divided in the points of con- 
taA will be equal. 3. If two polygons be ciicumfcrlbed 
nbout an clliple, and the Tides are cut by the points of 
contafts in the fame ratios in the one as in the other j 
then will the areas of the two polygons be equal. 4. If 
two lines cut a conic fe<^liou pioportionally, i. e. tiiqy 
arediy/ded by the conic fedion in the fame Vatio in the 
one as in the other, and if polygons be deferibed round 
the conic fedion, terminated at the ends of thofe lines, 
of which the fidcs arc divided by the points ofeontad 
in the fame ratio in the one as in thevthor, then will the 


area of the two polygons be equal, as llkewife the curvi- 
hneararca. c, Ifaii i' - ^ 


Tidcsofcvvo polygons inferited 

in an ellmfe make the two angles at the fame point 
equal, and two polygons of this kind be inferibed in the 
curve, then will the fum of the fidcs of the one polygon 
he equal to the fum of the fidcs of the other. Sevc ial 
other lirnilar properties are added, as alfo propeitics of 
iohds generated by the rotation of a conic fedion round 
Its axis J to which I fiiall mention the three or four fol- 
owing, I, Tbe diagonals of a parallelogram ciicum- 
icnbing an cllipfe or hyperbola will be conjugate di- 
ameters. ^ 2. The fedions of a folid generated by 
the rotation of a conic fedion round its axis, which 
pafs through its focus, will have that point for the fo- 
^us of all the fedions. 3. If 4 perpendicuhrs be drawn 
10m any point in an hyperbola to its periphery ; and 
lines from the fame point to the afyinptotcs and the 
I 'nates from the 4 points of the curve and the 2 of 
afymptotC8*be diawn to the abfeifs } then will the 
am of the refulting abfeifiae to the former be double to 
l n* fum of the abfcifiae to the latter, 4. If an arc of the 
periphery of a circle he divided into « equal parts, 
and p rsr chord of the arc 180 ~ 

^nd a and 0 be the roots of the qOadralic x* ^px +1=0 
jndradiun: thcnwill«"-flS*rr chord of thcarciSo—wr/, 
I'om whence may be deduced the divifors of the quau- 
ity ^ I , equation whofc 

I'oots are the dtfUnces of a point in the circle from thofe 
ditifidn, and further may be deduced 

VOL., II, 


Medhaiionts Analytictt, 

fltixion of a 

fluent, when the quantity or fluent is confulercd as £rc- 
nerated by motion ; or the parts from the whole when 
the whole or quantity is conlidered as confining ot in- 
niimerablc pnrts. It further gives the law ol a leiies. 
order t-'xpontntial of any 

CWrs is vcrfiint about the fluents of fluxions. 
I. it finds the general fluent of a fluxion l\ when P 
u any algebraical fuudion of ,v however irrational but 
not exponei.tul ; for which intent it invert igates the 
comrnwi divilun of any two quantities contained under 
the different vincula j and tliencc the common diviloin 
of the rcfulung divifors, and lo on ; and likcwifc all the 
equal divifors contained in any of the abovernemiontd 
quantities j whence it fo 1 educes the quantity P, that no 
equal nor common divifors may be contained in any of 
the rtfulting quantities tinder the diflereot viiiciiU /and 
from the common ipethod deduces the tcima oTa ferirs 
to the number, whicli tlie feries Is fiicwn to cunfi(l of, 
when it docs not proceed in infiniuim. It di mou. 
llriUes, that if the dimenfions of .v in the dciiormiuUor 
ot P exceed its dimenfions in the nmneutorby t, ihtn 
the fluent cannot be expreflTed in finite terms i mid alfo 

if one faaor of P be (A ± ( A‘ + where ^ ft 

an myariable quantity, a nd"^ln fomc other cafes the fub- 
flitutioii required muft be fomewhat different. 5. 'i'hr 
finents of lome fluentul and cxpomntial fluxions, or 
fluxions involving fluents and exponential quant fiics/aiT 
given. 4, A general nuthod of difcov; 1 ing whilhtis 
the fluent ol any fluxion of any order involving one, 
two or more varialflc (juantities, and their fluxiciis, can 
be exprtfled in terms of the variable qiiotititics and thciV 
fluxions. 5, The corredion of fluents oi all oiders, 
and thence the fluent contained between any values of 
the v.iriable quantities and their fluxions, is given ; m 
thefe corrediions the fame roots ot the ii r.ilioual quanii- 
tics arc to be nfed in the corrtdliou as in’the fluenr^ 

6. From the transformation of equal ions and the prin- 
ciples before delivered, are deduttd fluents equal t,o each, 
other. 7. Some exponential qrtaniiiits given, which 
continually change from poffbility to impoffibility, 
and from impoflibility to poflibihty. 8, fa a nvstliod 
of finding whether the fluent of any fluxion con- 
tdined l>eiwcen any limits are finite or not. 9. The 
fum of the fluents of a fluxion which is an algebraical 
funAion of the letter .v multiplied into x can always be 
cxprelTcd by finite terms, circular arcs and loganthms^ 
the extra^ionof the rgoU of aquations being. granted., 

4 ^ 10. Sonir 
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10. Some fluxiooj involving iiTBfionalquahtitieBsre le- fliitiiihaV thi -frfnh'-lrt' and' in 

duccd to othcrPj in winch no irration'ility is conitiiin^d. the gijnccal fluent thctfi' mnft-'beconlnined'fo many in* 

1 1. The general 'principles, of deducing whether the variable quantitfw to'b^ atftjHiid at wiU tedepeddemly 

fluent of a given fluxion can gqierally be'exprcITed.bT' as is thi order of the flnfeftt t and ia-both- alltte varia. 
fnite (ilgeb.alcal terms, their "circular arcs and Jdgi- blpqnahlities inull beceflarily bc'Vatiafele.-andno func 
rit h.ns. j j . Some equal cpi refpoodent fluent? are fdinid tion of Ihctik vanfftl out bf the fluitional eqiution'from 
hy fubHitntionadtdiice.l from equations in which two the fdbftitutioflvfor then' all the condition* of the 
variable quantities arc fiinilailv involved, 'Some fluxioual equation itrb abftvefed' by the fluenliaK '8.. An 
necclfarv coiicdUoiisaic given o'f finding the fluents of invclUgatioii, when flu*in-ital' cqo^tiona arc integrabk. 
all the fluxions of the formula 9- Froin fome ffueifta itre deduted othei-e* if the 

A, I J wiA 0 ztf^ t X ¥ bct<vedi nny two ordinate's to one iibfeifla can iiygc* 

X At, neral be found, thtii tbfc ariJa bijtween any two ordinates 
(wlierc <r, A, /x, v, &c denote any whole numbers, o/ any dtber abfdila can- be found &c. I o. From given 
^ 2fi fluitional equations and the fluents of fome fluxions are 

und 11;:^;+ /v +••' > deduced the flnruts ob many others*- if. The fluent 

fi 2 n ot the order of a fluxional equation of the wth ou 

3 ^ h Lx -f /r -f.-A* , del' will have («) different values anil w din'erent multi* 


1 ~ ^ rr + s.v i* ..?c , ao; 

from a + /3 T y + Ac, independent fluents ; but per- 
haps not from a + i3 -f y T Ac fluents, which have 
tljlferent values of the quantities, cr, X, /x, », Ac. 
li|.. The number of imlcpendent fluents of the forniu- 

0 ,+ «/? -b f3;/i , i " I /”v ^ V . 

I PC A X (fj -f -T ^ 

Vifhcre^ Ai ^ and ip denote whole affirmative numlvrs, 

Ac ; and the number of independent fluents of the 

fprrauke 5 i/Y*, where X la a fluxion of wliicU the 
fluent can be found, from which can be deduced all of 
the fame formula, is immediately known- from the 
nVrnber df independent fluents of the formula Yjfc* and 
XYv which deicttniue all of thoffi formulae^ 15. Let 

m h +. •th . = pi and from fotne 

flpei^ts of the fluxions of the formula; p U. ^ 
whjcrc ^ 4 . is a whol^ affirmative number, are determined 
jiic rcpi^iniHg Qnea of the fame fonnula. 16. Some- 
a^d^d concernmg Hndlu^ the Value of a frac- 
fioqVwhehbiHM^^f denofninator vanifh ; 

fr'pmjtic uuenis of fothc fusions being given, 
mcthpii of dc^Hcihg' the flifenti bf'bf h^rii' ' 

(Afiptcr prlne^pa^^ treats ^ 6f algebraical and 
‘ ■fl'^iphal equal ions. \ . 'll fives’ thef' ‘Ifhethad o| trahf- 
formhig tw'o or more fluxioiial equntionTmtd onie fo as 
to cktermhiaieone or more variable quantities and their 
fluxions, and finds the order the rcfultingeqUatidn. 

Ji reduces fotncflivxion;dcqqmoqs,iqto 3. A 

method of reducing fluxibhal eqtfations' involving fluents 
fo as to exterromate the fluehU. * 3^^ Som^cafes^ are t 
‘fiven, in which the two variable quantities contained 
ill a ofiven equation are cxprcfTed in terms of a third, 
4. ctven an^algebraical equsflion exprefling the relation 
between .v aiKl a method is given qf finding the flu- 
ent of or other fluxions in finite terms of x and y, if 
thcy'can be exprefllrd by fwh ; or elfe by infinite fe- 
rieS j this was firfl taught in the Philofophical Tranfac- 
tioni in the year 1764. 5. Something is added con- 
cerniflg the cerre^ion of fluxional equations. 6. A 
method of invefligating, whrther a givpn equation is 
thi<i general fliucnl of a given fluxional equation. 7. The 
mclhod of deducing, whether a given equation isa j>ar- 
tkiid: or ttuci^ of a given fluxional equation. 

In hath byiubflituting for the fluxions their values de- 
duced from the fluenUal equation their values Ac in the- 


plierb ; and tlm fluent of the fecond order n . ^ dif 

ferent values, kc. 12. Let = o, /5 = o, y = o, 
Ac, («) general fluents of tlic fluxional equation, A ~ 0, 
then will any fund*lion of tlic fluents, 7, kc be a 
fluent of the lame fluxional equation \ = 0. 13. From 

affumuig cqnatipus, which contain only fimple powers 
of the invaiiable quantities to be alfumcd at,wjll, nuy 
eaflly be deduced fluxional equations, of which tlic 
general refolutlons* arc known: 2. , From affumuig 
ilie values of any variable quantities and fubflituting 
then their fluxions for tlic variabli; quantities, S^c, iw any 
funftipns kc of the variables afTnmcd^ Jet the 
quantities rduhing be A, B, ; then generally will 
ff j =f B, kc, be fluxional equations, of which 
the particular floentials are known. It may be ol)- 
ferved in this place as before, that from no gcticral re.i 
foning can particular fluents be deduced. 14. In the 
iefolution of fluxional equatiqns it is obferved, that 
from the logarithmic and exponcplial quantities con • 
tained in the fi^x(ona), may be dedi^ced l?y chaptci i 
the exponentials Ac coi\tained in thciuennal: 2, and 
In a fimilar manner from the irrational quantities and 
dhJ^itowinatOfS contained in it, the conrefpondent irra- 
ttortal quantities and denominators contained in the flu- 
entiah 3, the greateft dim^oj(^mi Otf j multiplied into 
<r muft, be greater than thofe of y into ^(Oy unity; 
.when there aretwqqf this kind Ac,, qyi dr 4v 

^)i't}^:rcfplutipn is given ; Mtl (a of more. 
1^5.. in tbe-giycn eduationi. ifsth^ fluxion of the great- 
cifprdeedi^npt afee^ad to one ditqenlion only ; then 
' by mra^ion&9 to reduce the equation, that it 
: afeertd tp one dimet^d^oo only ; and thenc^ find the flu- 
ent of any fluxion ^ -H Q^* ‘ji + Ac, + R' V 
\ 6 * Let a fluitional- equation be given involving a and .) 1 
in which X flows. Mniformlyi a method is given of flud' 
ing whether it admits of a multiplier,, whiclr is a func- 
tion of X and fimilarly of multipliers pf fur; 
mul*. 1 7. The method pf deducing the multipliers 01 
fluxional equations by’ infinite feries. l8« 

1 fluxional equations are ^educed by fubflitutiqns,. which 
fiihflitutioDS are commonly eafily dcduciWe from th*. 
fluxional equation given, 19. Somewhat concernins^ 

rcdudionoifomefluxionalcquationstohQmogeneons.an'^ 

concerning homogeneous equations qt'diwrcat Orders ; 

. apd pfitauoigg an hpnaogctteou^ 

» order to a fluiciohal equation- or« — l order: ^d 
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lafo ofercdiiciiif wflujciqnaJ cquatioii of « order to one 
«£ mttml ord«ff> aad fo of all othci« to one degree lefs 
4 haoth« order ge^QualJ,v occurring if they had not been 
^Oflio^netHi0* ^Of> Xhe fubilitution of an exponential 
for t wiabJc ^uautity in equations which contain no 
cxponeot^ld quantity }( for fometime^ « has been fiibfti- 
tuted for quantity whjeh flows uniformly, and then •«» 
fuppofed tp.ilow uniforojly, which leads to a falfe lefo- 
lut^Oii* , It . . A CflUUon is given not to fubfliiute homo- 
gjcncpu? fuu^lions of no dimenfions for variable quanii. 
ties ; ^nd in the general refolution to obferve, that there 
coiitatoed^ an invariable quantity to be afluraed at 
wiU| which is not contained in the duxional equation. 
22. Something in<)re added concerning the fluents of 
p''jf + 4- &C, = o, where p, y, /•, 

d^c. are fundlions of .r, and fo of fome ot^her fluxional 
eouatious. 23. FJojuonal equations are deduced, of 
which tjie variable quantities cannot be exprefl'ed in 
terms of each other, but both may be c xprefl'ed in terms 
of a third. 24. EVC17 fluxion or fluent wliich is a 
funifllon 4’| ft «, and x, y &c. is cxpreflTed in terms 
of partial differences. 25. The refolution of fome 
cquatmna exprefling the relation between partial differ- 
ences &c is given. 26. Some cbfervatieijs bn finding 
the fliiente of fluxions* when the variable quantities be- 
come infinite. 

The Iccond book treats of increments and their in- 
tegral^ I, Some new laws of the inereirrents me 
given. . 2. The fluxion of the increment of P‘ will he 
equal to the increment of the fluxion ; where Is any 
funftion of A*, if only fhc fluxion of the increweht 
ofVhe equal to tlie if»ctement of’ the fluxion, 
3. Inefcmicnrs arc reduced to others df given formula; 

0^1 * 
e.g, <2 + — 4- —-r -F, 'Zt^t and it is obferved 

K 4?(jp4-f) 

that if 0 be not t=: thtn the inttgral cannot be 

found in finite terma of the Variable quantity, &c. It 
may be obfi^rved^ that Taylor# Morimort, &:c, fiill 
found thO^ Tritegral of the two increments ' 

.r. x^x * jyandx«v— ^ ....V— 

but' did not proceed mtich further (correfpondent to the 
finding the "flux iW of the fluent a^) j the increments 
of fluents have been fince deduced, ice* In this book 
are difcovCrcd Jiropofitions borrefpondent to moft of the 
inventions in fluxion#, >.4; 6 method of finding ihcinte- 
of any Incrtfrnient expfcfied in algebraical or expo- 
nential term'i 6f or quantities, and 

whe^rt the flnefii ’ e^tinot ‘ be expreflVd : it is obferved 
that they cfllnnor exprefl’ed fn finite terms of the va. 
viable .r/ if the dlrtienfioTii of .v, fltc, in the deno- 
min'atpr' exceed its dirnenfionl ' in the numci^tor by r ; 
or if iihy‘ fiiftor ih the denomhiator of the fraction le- 
dube(Fl(?itS ]oW^ terms have not nnotlu-r contanud 
hkeWile ifi' thfe'.denomlmitbr, diflarit by a v liole nin i- 
b^r, mifltipKed^to thfihcrrfrtent of .v. —-The incrc- 
«nehtt ‘df fciWe ’^e^als iare deduced from the integrals 
of btlici?’lnetihrentl'^ the integrals of fome incremental 
cquatioWt'^trt different methods; their general iinegrab, 
ftnd ^teaioni, ^C, dec; but here it is to 

be'Obfe^Cjrf;'^islt''t'he genentl problem gf increments 

parlkulftr of fluxions. 
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aic fevcral propo- 
frutn the common 

: •— /' V f ^ V* — 


but fonunvliat more mpybf added, when both a»c join- 
c ^ ogcthci, 1 ht* thiyl l)vx)k is \cirani‘concoi‘ninT In- 
tinite lerics. i. It giv.s the i.ulo of the apiMrent and 
real cowvergcney. a. A method of findimr {.-rniLs 
tw'een which the fiim of the loic. conliil. ; and alfo 
whether the fum of the leilc'i ih* hniie or not ironi the 
termt. being given 01 equal ioir between the teims. 
•V 1 he cuii\v.i gency of the whole fciles is judged from 
the ratio of convei^eney of the teuns at an inlinite dif- 
tauce. 4. 1 he feries iiom the fluent converges, if the 
fenes fiom the fluxio:) doey, tlwre 
iitiona on infirme ferhs dcdiu-ible 
nlgebra. Let an equation o - 

+ Sic; and L mneh greater than 1 thm 

- I Sic. then will all the roots be pdflible, and ^ 

appioximatioii to the leaft root, to the next, ^. e : 

r 

dan equation^" 4- ^>’■'*4. ... fy"' 4 1,7''“'* 4- 
— o, ui)d if one root bt‘ much kfs than any nt root, 
but much greater than the remaining; oi if the equa- 
tion he a'' — /’v' ’ ‘ 4“ ^ ^ j^;'‘''*"4’ qp /m" 

o, then w III the approxi- 

ri^ ^C. 

6. Somei^at oh the approximations when tlie approxi- 
mation given is ihiicli more near to one, two, or moie 
roots tlian tb any other, and 00 the dcgiee of cojivcr- 
gcncy of the fnbfcqucnt approximations deduced ; 
and thch* ultimate approxiihntioiis. 7. Given approxi- 
mations tow roots of a given equation ^ueduhiccd moic 
near approximations to them. fl. 'nic iiieicmcntal 
equjjtion given and applied to approximations. 9. From 
given approximations to two or more unknown quanti- 
ties contained in two or piore equatidiia , are deduced 
more near approxiinatjops to lliem, elthbl* when the 
approximations given are more near to one, 6r to tWo, 
or more roots of one or moye ^ the unknown quanti- 
ties than to any others, and Iti of infinite equations, 
10. New feries are given for the fluents of diffVriJnt 


I ^ ±! &c. : 

matibn to the above root be ^ ( "j 




fluxions. I, Log. A' d; «■ log. - 

See, { the number whofc log. is (if N be log. of 

I" V 

v) rr. N sb Ne + *—— 4 : ^e; the log, of ♦ — — 

2 ^ — V — j 

lo;:^. — 4 — 7^— — ^c. I'hc fine of the arc A±:<* is 

S db Ctf — 8^4 &c, and eofine of tite tame arc 

Sr — j '^Cr ± See. S ami C, being the fine. and cipflne 
of A# the fluent of the fluxlpn of au ^liptic^l, arc 
jj which .d’flers Utile, t^CjUrc of a 


circle when e tg a 


,’cry (mall 
?t'p,\vbcVcA 


A n 


qiiapn^'^tii i A‘- 

■ '.a.- 
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‘ '/f wc ^ 3 . nr ♦ - ^ 1 

VP 91 ,? 9*»df Pf which the Jtojp ia ^ 

. A ^jJariv'W may be ftppl^d.from tlie arc of an 
hyperbola or e)!ipfc, to fiird a correfpondent arc of an 
liypcrbola'or cBipfc not much 
ceding. In this method the feries proceeds according 
to the dirrtpnfions fotne fnmll quantities, and the firll 
t^rra of the Itrie^'is generally ‘a near value of the quan- 
tity, fogghti^ Thefe feries propefly j/iftitutj^d.\\iIl ge- 
herdlly converge the fwifteft. ii. Sorn^thfng new is 
added concerning the fluent of the fliixional equation 
viz =5 E X fn. air; (s) -t- F -jr cof. 
(ar. (a) ; Kand F being any^ quantities to be alfiirned 
at will j and of cbrrefpondent equations to logarithma, 
and finding their values when % is increaled by c, 
I a. A feries. for the increafe of* the, arc from afmall iur 


Creafe of the tangent, fine, &c. 12. When the terms /j 
and X of the binomial n±:x arc equal, the cafes are 
^iven in which the feries ± "V + &c, r; 


or the feries d:: — a -f &c, Sic. will 

ultimately converge. 13, If any algebraical quantity 
;V a fuiji'Siiiuu of A be reduced into a feries proceeding 
according tu^t he dimenfions of a general method of 
/lading* what Arc the* limits between which it converges ; 
or the feries from / V.v, See ; and the method of in- 
terpolations fo aa to render them converging, iq. The 
convergen^yof different feries aie compared together. 


, g, is = .V — Jjjf* d* fXi — , &c. 

1 c 

“ iq-n? 2(i+.vJ* 


- dz • there is an erratum con- 

tained in this example, for a — is fometimes printed 
infleadrof a d-- ; thi& feiieS is ealily deduced from Bcr- 
nouilii*8 method of deducing infinite feries, and has- 
been lince printed in the PhiloCaphical Tranfadiong, 
15^. Given algebraical or fluxioual equations, , aud a 
fluxional quantity, a method is given of findipg a fe- 
which expreffes the fluedt of the fluxional qpapti- 
tyi from which principles are deduced new feries for 
the area of a fegmeiit of a circle, the periphery of the 
ellipfe, hyperbola, SiC» r6. It is iheWn, that feriefes 
procc^^g according to t^c dimenfions of a^uantity .4? . 
alwaja diverge, when .feriefes for the fame purpofe 
proceeding ’according to the reciprocal of its dmien^ 
lions converge ; urtlefs fometimes in the cafe when 
|ib«y bpth becorite tbc fame. 17* Aa fcrics^procccding 
i|pii^nitu,m accordiug to.the dimenfions of the quaa% 
were- firft invented or ufed for, the. finding the 
%ep^8 of lliuions, it being reduced into,tfrms» whofe 
Wuents were kooWn t fo.1n finding integrals orincre- 
mentf it;^ may be neceff^y to reduce the quantity into 
an infinite feries of terms, whole integrals ve known, 
yrid v(hlch CQaverges. Bx^mplt# pf formutsstof feriel^ 
of this kind are given, iq* Methods, are given of 
fijndihg the value of one unknoWft. quantity contain- 
td . m one or more equations involving more tm- 
^kupwfi qupQtiuc% and XUt W ^ ^Wv.opnverigctmicfl 


and^.thpjnt^iiwbtioiw »ece{^ fiifiteTea .for 

finding Jqpptiw»wi5gmg^ fimiMrpnoci^mtybe ap» 
plied to incremet^tnl aod fiuxtoiKd eqnatidhs. 1^. It is 
obferved, that ior filling the •value .^of atqr variable 
quantity in a. feries preceding according to the dimen* 
lions of another, thctfi,wiU occur in a AoxionaFor in*, 
cremental equation of (n) order in the ^CTica n iuvari. 
able quantities to be adorned at. will; and alfo the 
fluxional equatipac, &c# from whence thioy .will arilci 

20.' Tjie finding tlic integral of—, &c. 21, From 

' * z 

the correfpondent relatiou between the fums of two fe. 
iies refuhing, which arc’fhrtftions of a variable quan- 
tity'^, when thc relation between .vand a two Values of 
yare given, is given a method of finding die coeffi- 
cieiits of the ftnies. 22, The rule generally called the 
redudio ad ahfurdwm extended to more filbllitutions. 
The fourth hook tVeatS of the fiimm^tion of feries, 
a method of correfpondent values and fcveral other pro- 
blems. I. Of finding the firm of a feries expreffed by 
a rational funftion of z intOAy^j where z denotes fne- 
ccffively the numbers i, 2, 3, &c, in infinitum. 
2. Given an equation exprelfmg the relation between 
the fuccefTive fums, the relation between the fuccefri\e 
ternts is known, and the wVe vnf% 8 tc. 3. It is found 
from an equation expreffing the relation between the 
fuccelTive fums, terms and z thediftance from the iliil 
term of tlic feiies, whether the fum of the feries is 
finite or not.. The difference between z"^ and 

where s denotes the diflance from thp firft teirn 
of the feries, will be — 0 X z‘'^'\ which is greater than 
the fimple ratio let o be as fmall as pofllblc, and confv- 
qucntly die fum of the feiies finite. 5. If a feius 
a + r.v* x% of which at an infinite dillaticc 
the preceding coefficients have to the fubfequent the i alio 
of r ; 1, be multiplied. into a, fundion r=: 0, when 
4C =r then if a be greater than r the feries will diveige ; 

if lef? converge* 6*[ From adding foveral terms of one 
or more Cfries togj^tUer Muay/ l>e formed a feries, of 
which the fum from the fums of the preceding feries is 
kppwn. 6, Sciiefes arc formed, of which the fums arc 
known from varying the divifors, 6tc.. 7. From given 
ferieH ane deduct otlieis,of which th^foms are known^' •, 
and die fum of -ipany fories are deduced from finding 
the fluxipnfit of fotents and fiuents lof fluxions. 8. From 
the relation between the different terms given is deduced 
the correfpoDdcPt fluxional equation; 9. The finding 
the terms of aay feries, which can be deduced from 
given Term { ana theoce deducing many feries of which 
tlm fums can be found from fhe fom of the given fe- 
rics. IQ. Sejrtcs arc .given Of which the foms can be 
found from finite terms, ^nrahhir ates, lo^ithms, dlip* 
ticaJ and hyperbokcatnrcsu^ t K From aigcheral exprefi 
fioo, when algebraical, ilwiional, ifMh’emental'i &c, fot 
the fom ofa fories can be deduced a fonikii^cxpreffion for 
the fum of every fecoud, third, dec, terms. , 12. An in- 
finite feries may be a particular refo^tion of infinite 
fluxional equations. 13. The terms of fome feries 
may be infinite and their foma knoiwtu , 14, 'fhe- genc^ 

ral fluent ssiyS^ is given hf a feries of the fa^e 
kind, andthoftme of iStnc other flUkfobal equation v 
15. AquantHy ia fottttdvrbichiflaftipH^d Wa firiei 

'inotc 



A L O 


r 7«5 ] 

t6. TIic finite 


A L (? 


co<ivergIoggii« 58 aj!rIvcn feries, 
firft the term j of fomc fcrics are given; 

if the t^ms are in geometrical ratio to each other the 
abovementM9«ed differences will alfo be in geometrical 
ratio to each other; whence it appears, that the ferici 
from this method of differences will cotwei ge lead when 
the given fcries converges fwifteft, &c, but not always 
the contrary* Stveral other pmpohiions are adtled con- 
oeming the .method of differences applied t4> ferics. 
17. A parabolico-hyperbolical curve is drawn through 
any number of points, as alfo an algebraical folid — . 
1'8. .Something is given coaccritiiig tlie convergcncy 
&c, of ferics deduced from the differences of the nu- 
meratoi^ of a given feries, of which the denomiuatois 
conlUtute a geometrical prugreflion. 19. A rule is 
given for rendering fefies converging, in which it is 
obferv^d that the fum of £b many terms ftmuld be found 
that & the diftance from the firff; term of the feries may 
exceed the greateff: root of the equation rcfulting from 
the quantity which expreffes the term made = o. 
20. An exprcffing the relation hctiveen the 

fums and terms is redyced to an infinite ffuxional equa- 
tion otpreffing the relation between the fum or term, 
iufiuxions, and « the dillance from the firll term of 
the feries; 21. From amcihod being known of find- 
ing the fum of a feries, whiedi involves one variable 
only, is given a method of finding the fum of feries 
which involve more variable quantities; and from af- 
fnming fums of f^erlefca of. this kind are deduced their 
terms. 22. The fums of feries are found confiding of 
ii rational terms. 23. The principle of the convergen- 
cy ot the approximations found in d» awing parabolical 
curves through given points* 24. Something nevv 13 
given concerning the interpolations of quant Uits. 


34. It is nirtrted, that the fmn of ccrUiiifrat:» 
tions given hecoine o, when tlvc terms are exprclfed 
by a frai^Iton of which the denomiftatof* is a rsf* 
tioual function of the dillance from the firft term 
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of the fciies. 

/v’'“ p, wlierc P = Av" + + -K 

Ca” + *'"+ D.- - + 3 ’" +, sa;, will be 

fx' * .vy* &c. X P ! i ** : if the 

fluents arc contained betwetn the fame values of w, 
3^. Are given fonie Iciics conlilllng of two, of which 
the one converges, when the other divcigea, and con- 
fequcntly the fum of both diverges ; kc. 37. Fiom the 
law of a feries being given, the law of the fet it# which 
cxpidfes the fquaic, or fome luiuflion of the given 
feiics, is found. 

1. A rnctliod of differences, which deduces from the 
fums given any fucctfrive futiiH, t. g. Let S*, S*, S^, S% 
be the logarithms of the ratios /* : r + /v, r ; r -f ap, 
r ; r + 3/;, r ; 3* -p 4y), tlien will the logarithm of 
r : r 4- be 5 X {b* — S‘) 4- 10 (S* nearly : 
then rules arc giv«:n in general, and likewife their error* 
from tlic true' values, 

2. A method of correfpondent values is givert, c. r, 

I^ct a, if, Cf r/, ScCf be values of ,v j and S*, S®, 

dic, correfpondeiit values ofy ; then may 

i^-c) j x ^fl) kc ^ 


&c. 






= 1 4- 
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Jr MB - BBr 


' (« - 3 ) 

(v — rr) (x 


(rf - r) 
) 


(a — c/) .Vc 
./) &c 


X S'. + ico. 


1.2 ..M 

if «, ft y, tec, are the roots of x' - i ~ o, 
26, Something is .idded coiieerning ferics from 


27. Nandens^s Fro- 

blemsare fomewhatcitended. *8. Something is added 
on changing continual fi'«ui:\ion3 into other*). 29. A 
metbpd'Of transforroit^g fer’ics into continual faciois. 

30. A rnltt for finding the fine and cofinc of ~ the 

arc ; and uansformiog an algebraical equation into an 
equation exprefled in terms of fine* <tnd colinea, and 
thence from an approximatioa to the fine is found one 
more near ; the fame mighjt have been performed by 
tangents, cotangents, fecants, cofecants, &c. 31. rrom 
fomc flMont* given have been found others, and conic- 
Queotly.by reducing tlie llutnts to infinite ferics from 
lome mfinite feties given 

niay other* be deduced. 32. The fluent of 

is found by approximation, where a is an irrational 
quantity* lyhfeh method of finding approximations 
to the indicM^ may be applied to other cales. 33. 
'tht fi^,of^,?fraaion* are found when the dcuo- 
nijiaalori ss 0, coofequenUy each particular in*' 

7 


x' 


{it — a) (it — i) {it — ii) &c 
3. If the formula of the fciics be A 4 - B.r 4 - C.r* f* 

A (y^h) (rV—r) kc ^ • 

5 cc = y ; or y = •— X " t T" ^ ^ 

»v ix f/) (.-V "** r} kc, ,, ^ 

^ — a) {it — r) exc 

mula of the ferifs be Ar 4" 4" ^ wdilch 

anfwcis to Briggo’s or Newton’s inctliod ut mlei-poL- 
tioiis ; or the lories will be 

kc 

Je - &C 

Aic ; if the formula of the feries he A.r" 4 
(3,^11 ♦m 4. &c, a general forniilla, 

eludes the preceding, ^ 

c. The ferics is given for deducing otbefs when the 
number of cortefpondent vah^rs given are clfher cvtii 
or odd, and the values of are tqiiidffbint fepm, each 
other, 6. Artd alfo from oorrefpondent v.^Ivc* of.v 
and y to a iiiimber of cquidiflant values ofx is deduced 
the value of y to the next fucccflivc* or any fMCccffive 
value of Xx 7* Some arithmetical fhcOremB are de- 
duced from the preceding propofition*. 8. Anoth^ 
method is given of rcfolvmg the preceding ^problem. 
Q, A method of corretiing the folulion from a folution 

^ ginu 


V X 


X i* + 


X S‘ 

+ 

whkh in. 
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«iMiK:V<hich nti4« 0(>)v4«^*f J t? J»>, S‘y,en. y,4»^, 
o{Mi*mf Wfy ;^fl.(»?)v«heyi7aw«»* ,ip; 4 
lijhiUr refeltttio# ^KW“ jc?rit«Ip(jnaent valut|i 

IK rv^olutwiv pfi tome cal^s, and formu|» 

-IB whicl^ ia ;Contain^i a inethc^ isgiveit 

(i?|f.-ae4uLmg iv. | j. principles of 

In J[amphhl, • ptM/hfd . at > paifihidge, a^cljraicaj . 
Quantities . arc tf3pfiat«d into probable relations, and 
loctic ,tl>€or<;iTi3- on, (Probabilities thence deduced; to 
>which ate > 

I, Tli^' theorem a + b .‘a -f- ^ ± ^ » a i' b ±.2l* 

^ ^ ± ^ ^ ± ^ - V/ Tz a • a ±. 1 " a±: 2/... 

^ ± 1 / + « X'tf ± 3/*‘ at: a/ X 

i + ii.22lia/^^a±2/.... fl±n-3/ X 
2 

^ ^ 5: / 4 . n . K a , a dt i * adz zl»»* 

J ^ 3 

<i ± V X ^ . ri / . f ± 5 ? + &c ; this becomes 
the binomial theorem When i ^ o ; and it will afford 
iirifwers tp.fitpilar cafes when the whole* nbmbet of 
chances arc increafed pr diminifhcd cbnft;mtly by /, as 
the binomiaf does vsdien they rentiiin theTame, afimilar 
;nuItihomisil'th'e(iWmS‘9’ g 1 v 6 r. In the fame pamphlet 
are further added fome new propoiitions on chance8#f 
on the values pf livesi furvivodhips, 6cc« In thefe 
books arc alfo contained the inventions of others on 
fimilar fubjeds, which in the prefaces arc aferibed to 
their refpeaive authors. 

In fbe PhilofipLical Tranfaaions are given fome pro- 
perties of numbers, &c, 01 which fome have been pub- 
fifhed in the books above mentioned ; to which may 
be fubjoined fomething in mixed mathematics, viz, 
a paper on central forces, which extends^ not only to 
central forces, but alfo to forces applied in any other 
diredibn, as in the dircAion of the tangent, and con fe- 
Guenily Inctndei refidances, &c. It gives^ a rule for 
finding the forces tending to two or more given points 
when the curve deferibed and velocity of the body in 
every point of it is given, e,g. Let the curve be an 
cllipfe, and the velocity the fame at every point, and 
the two centres of force be the foci of the ellipfe ; then 
will the forces tending to the two foci be equal, and 
vary as the fquare of the Hue of the angle contained 
between the diilance from the centre of force to the 
point in which the body it fituated, and the tangent 
to the curve at that point. 

The method of deducing the fiuxional equations 
which exprefs the curve deforibed by a body adled on 
by any forces tending to given points, or applied in 
any given dircdlions : fome other propofitions arc con- 
tamed 6^ fimilar fubje^ts. 2 . A j^per 00 the fluxions 
of the \ittra^ions of lines, furfaces, and folids, and 
f x>m the different methods of deducing them are found 
'differ^ fluents equal to each other x a third paper 
k foJiition of Kepler’s problem of cutting the 
a circle deferibed round a point by approxima- 
which alfo is applied to other cafes; this like* 
' 9 


wIjV to* ofl»«r A^'tiMCt 

di&overiei’hiWr findc beWrpumilhcd} fOmo m't^I^n- 
dofiV V*'*^ othcr^foreign titmiaidns^' ‘ , 

tet r' 93C JiL then wih i denote the ldg.^of 'N to the , 
modulus r. £ the triodulus rtz lO, then will the 
f^ftem be the common of Briggs's fyftem of logaridims. 
Logarithms, and the ftinis of fome dther ieriefes, of» 
the formul® 4- + k .p may be deduced ia 

a manner fimilar to that which was l^ed by the' Ancients 
• for findmg the hnes of the arcs of circles. 

. To'^anicujarifb the rtu’meroos propofitions contained 
in thele works, woiild exceed the limits of our defigri. 
Beji.de8. th^fe already mentioned, others are interfperfed 
through the whole works; 

ANEMOMETER, p. in, col. 2, 1 . i, after 12 
ounces, add or J of a pound. Owing to an overfight 
In tlie fucceeding lines, of eonfiderihg tliis \2 ounces 
as 12 pounds, in the ealtuhtions, fevcral errors have 
been incurred, and the 3d column of the table of num- 
bers, in that page, or the column for the velocity, has 
the numbers only *• of what they ought to be, or they 
requjre to fie all multiplied by 41 the fquare-roqt ot 
16, the number of ounces in a poui^. lienee^ in line 
6, for fiz r. v'i J ^ 7 and 8, for 32 ^ r. ^-’ly ; 1. 8, 
62. And the whole ‘ fucceeding table cor- 
reded will be as follows i 1 ' 

Tabic of the correfiondtn^ Height Force vng 

‘ Squdri Foot, and l^hci!^ of fVindf 



In one inftance Dr. Lind found that the force of 
the wind was fuch as to be equal 34^ pounds, on a 
fquare foot ; and this by proportion^ in the foregoing 
table, will be found to anfivcr to a velocity of 93 miltJ 
per hour. 

ARCH, p. 137, col. 1, 1 . 29, for fuch cafes as they, 
read fuch cafes they. Line 30, after hanches, add, 
SeeBaipoE. 

ARCHIMEDES, p. 139, col. i; 1 . 5a and $3)/^ 
preface, aVcommentary, read preface. Wc find here 
alfo Eutocius’s commentary. Pa. 99, after college, 
addi who hid the foie care of tlus edition. 

. ASSU. 




M. Imi. P». ISO, eoU in tb< 
jdipSWgWRB, for want pf fomcient.infonuatQn con. 
i^crning the London .4nd Roy^ Exchange Affurance 
C)«iee*», thm paragraph gives an imperfcaand, infome 
refppa; yprrpnoons account of them : it refers to their 
ftate 2 ^ years ago, but the Companies have fuice that, 
alKrpi tVir fuethod of proc^edingpj Inftcad of that 
paragfaphJjh^refor^, take the ifollowiiig account 0} 
their ptejfent'CQDftltption ; viz, 

ThdLcndon Assurance, is a corporation eftabUihed 
by a charter of king Qcorge the i ft, viz, in 1710 ; un- 
der ppwer of wjiich, Afturanccs aie made from the rifle 
of fea-voyages, and fron> the daqgcr of fire to houfes 
and goods ; the prices of which arc regulated by the 
apparent rlfl< to be afTiired. They alfo make Affurances 
on lives ; the. prices gf which are formed on an 
ellitrtation of the probahlt duration of life at different 
ages*, on tlie confjder.5ition of the apparent health of the 
pel foils to be affuretl, and of their avocations in life. 

This coj*poiation,> ai>d the Royal Exchange corpo- 
ration, gave each the fnm of 150,000 pounds to go- 
vernmeut, for an cxtluftve n^ht of making Aftu ranees 
as €orpova 4 e hophti, '^['hey are known to poffefs a large 
and undeniably fund to anfwer loQ'cs. And the pi ndent 
lUitnagcmcojt of thefe. corporations has enabled them, 
of late years, to incpyafe gradually their dividends to 
the proprietors of their flock. This cxclufive priviltge 
to make Aflurances as coi'porate bodies, is of great 
advantage and convenience to the public ; and as they 
a£l under a cofnmqn feal, the afTured may have a fpeedy 
and cafy mode of recovering lolTes, and cannot be fub- 
je^l to any calls or dedu^ions whatever. When their 


ASS 

charters were granted to them, it wtf that if 

a proprietor oT the' (lock of one cpvpo^ratloa fftbtiM 
the fame time, drrc6lly or indiredWy,' be e propJieCoil 
of ftock in the other corporation, the relpeaive flbck,t 
fo held IS to be foifcited, one moiety to the king, tht 
other to the informer. This was evidently fettledi to 
prevent their inured from becoming a joint one i fo> 
that they (hould be made to aft In competition to each 
other, for the greater benefit of the public. 

7 he Ro^al Exchange Assurance, is a corporation 
eftabliflied by charter, as above, under tht power of 
which, Aflurances are made from the rifle of fea voyages, 
and from the danger of fire to houfes and goods ; the 
prices of which arc regulated by the greater or Icfs rilk 
luppofed to be affured. They alfo make Aflurancti 
on lives, the prices of which arc formed on eftimation 
of the probable duiaiion of life at diiferent ^ges, and 
under different clrcinnftances. The prefeut rates oT 
Aflurances on lives arc as in the table below. And 
though a duty on thefe Aflurances fhonld take place on 
the plan lately propofed to the Hotifc of Com moos,- 
there is no great probability tliat thefe pnCcs will be 
incrcafed. 

This corjioratlon has alfo, like the former, been 
empowered to grant life annuities by an of psrlia. 
ment, which requiies that the pi Ices of the annuities 
fhould be exprefled in tables, bung up in foinc confpl- 
cuous place, in their ofliccs, for piiiilic infpeftion ; and 
no agreement for any price is valid, biit fuch as fhall be 
exprefled in the tables la(l made and publiilied by Urn 
corporation*. 
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-FrM the OJfice of the Cojpohatiom of the KOYAL EXCHANGE ASSURANCE, «« the 
ROYAL EXCHANGE, London. 
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By whom the Af- Name, ape. andlTime for r ,r 

fura«ce b made, defer, yium o( the | .he Alfo.ti.cc '.si it Zfin'in'Zl ZZnl I , 

I'fe t(i ht' Ai.' I , . I annum. I 


I'fe to he Ai‘- 
fuicJ. 


The A fill ran 00 to he void if 
theporlon whole life i? AU 
lured llitiil (it^pirt heuiiul 
the limit ; t)f Kueope, niall 
<h‘o upon t!io k, oi e.Uei 
li.ito or opjMoe in any in'Ii- 
|tary oi (crvice what- 

jever, without tli'o pseMons 
ei'.nleuLi/f the otjiri.i.mv ; » i 
lhall come l)y doulh hy fui- 
Cldc, du JliuL;, oi the tiaiid 

ot Jllfiie; ; oi fliall il.)! heJ 
at T ho 1 1' le t he Ailn.dioe *5! 
raadc, 1:1 ‘uud lieeulh, I 


By wham the A f - 1 Name, age and 1 1 iinc for whicli ( ConJitiom of Jfuranct wailr i Sum afTareJ, ) llate/^arccnl 
lurantc IS inckJe ' ei,.. ao-. • i , .. i I / 


dUeriptionufllu- the Afluiancc is by l\'rfom on the Lha oj 

life to be Af- made. (,theu. 

fuud. 

The AfTmance to be void 
if ilie perfon wJiofc life is 
Afiuied lhall depart beyond 
the limits of Luiopc, fhall 
die upon the feis, or enter 
* iulo 01 engage in any mill* 

tar) or naval fcrvjce wliat- 
ever, without the picvious 
content of the company ; or 
Ihail not be at th. time the 
|e\truiance u made 111 good 
health. 


/>«'r anuuin. 


Place and date of birth. 

If had the frttall-pox. 

Whether in the army or nav'y. 

The life Afliired to appear at the ofBcc, or pay 
ioj. per cent, ort Affii ranees for one year. 

15#. per cent, for more than one year, 1 

and not exceeding feven years. | Inthefirfipay- 

\ 20s. percent, if for the whole continu- ( ment only, 
ance of life. J 


j Rcfeitncf to be made to two perfons of repute to afcer-| 
tain I.M or her idnility. 1 

Attendance daily from ten to half pjfi two 
oMcf'k aixi from five to feven, Satuiday in liie , 
at t ern t 'on '.xct pted. * 

3:^ The li ves of prrfong enj^rijrcd in tlic* army or nuvy I 
I may bo Affiirod by fpecl.il affrccinc'nt. 

/V' B. THE CORI'ORAI'ION ALSO GRANT 
ANNtJITir.S ON LIVE.'}, 


Vol.!1I. 


AUTOMATON'. 



A U T 

AUTOMATON* To the end of this article* In 
pa. 176, col. 2, maybe added the following curious 
particulars* extraded from a letter of an ingenious 
gentleman lince that article was publifhed, viz, Tho- 
mas Collirifon, Efq. nephew of the late ingenious Peter 
Collinlon, Efq. E. K. S. Turning over the leaves of 
your late valuable publication (fays my worthy corre- 
fpondent), part I. of the Mslthematical and Philofophi- 
cal Di6llonary, I obferved under the article Automaton^ 
the following ‘ But all thefe feem to be infenor to 
M.'Kcmpeirs chefs^playcr, which may truly be con- 
fidcicd as the gieateft niaftir-piece in mechanics that 
ever appeared in the world (upon whlcli Mr. Colhn- 
foit oblerves) So it certainly would have been, bad 
itAfcIcnlilic movements depended merely on mcchaiiifm. 
Being flightly acquainted witli M. Kempell when he 
exhibited his chefs-playlng figure in London, I called 
on him about five years fiiKC*' at his houfe at Vienna ; 
another gentleman and myfelf being then on a tour on 
the continent. The baion (fori think he isfiicli) 
Iliewed rr.c fome working models which he had lately 
made— among them, an improvement on Arkwright's 
cotton-mill, and alfo one which he thought an Impiovc- 
ment on Boulton and Watt’s la ft fteam-cnglne. I alli- 
ed him after n piece of fpeakiug mcchanilm, which he 
hach-fhewn me when in London. It fpokc as before, 
*nd I gave the fame word as I gave when 1 fu ll faw 
it, Exphiiatiottt winch it diftintily pronounced with 
the French accent. But I particulaily noticed, that 
not a word pafted about the chefs-player ; and ofcourfe 
I did not alk to fee it. - In the progrefs of the tour I 
canie to Drtfdcn, where becoming acquainted with 
Mr. Eden, our envoy there, by means of a letter 
given me by his brothei lord Auckland, who was am- 
haflador when I was at Madi id, he obligingly accom- 
panied me in feeing feveral things worthy of attention. 
And he intixKluccd my companion and myfelf to a 
gentlemanof rank and talents, named Jofeph Freidrick 
Frey here, who feems completely to have difeovered the 
duality and foul of the chels-playing figui'C. This gentle- 
man courteoiijly prelentcd me with tlic treatife he had 
publilhcd, dated at Drefden, Sept. 30, 1 789, explaining 
its principles, accompanied with curious plates neatly 
coloured. This treatife i» in the German language; 
and I hope foon to get a tranllation of it. A well- 
taught boy, very thin and fmall of bisage (fufficicntly 
fotbstt he could be concealed in a diawer almoft imme- 
diately under the chefs-bcard), agitateel the whole. 
Even afUx thw abatement of its being llri^ily an auto- 
mMoih, much ingenuity remains to the coiUiiver.— 
This dil^vei^ at Drcfden accoimta for the filencc about 
it at Vienna ; for I underftand, by Mr. Eden, that 
Mr. Freyhcir bad fent a copy to baron KjempcJl: 
though he feems unwilling to acknowledge that Mr. 
F. has oontpletely aoaiyftd the whole. 

I kniwfc' that lo«g and uni^icteftlirg letters ar^ 
lorraid^ble things to men who know the value of lime 


A tf T • 

and fcicncc ; but as this happens to be upon the fub- 
jeft, forgive me for adding one very admirable piece 
of mechanifm to thofe you have touched upon. Whea 
at Geneva, I called upon Droz, fon of the oiiginal 
Droz of la Chauxde Fonds (where I alfo was). He 
ftrewed mean oval gold fnuff box, about (if I recoiled 
right) 4 inches and a half long, by 3 inches broad, and 
about an inch and a half thick. . It was double, having 
an horizontal partition ; fo that it may be confidtredas 
one box placed on another, with a lid of courfc to 
each box — One contained fnuff — In the other, as foon 
as the lid was opened, there rofe up a very fmall bird, 
of green enamelled gold, frtting on a gold Hand. Im- 
mediately this minute ciiriofily wagged its rail, fhook 
its wings, opened its bill of white enamelled gold, and 
poured forth, minute as it was (being only three quar- 
ters of an inch from the beak to the extremity of the 
tail) fuch a clear melodious fong, as would have filled 
a loom of 20 or 30 feet fquarc with its harmony. — Droz 
agreed to meet me at Florence; and we vlfited the 
Abbe E'otitana together. He afterwards joined me at 
Rome, and cxhiliited his bird to the pope and the cardi- 
nals in the Vatican palace, to the admiration, I may fay 
to thcaftoniflimentof all who faw and heard it.’* 

Another extra(ft from a fecond letter upon the fame 
fubje^, by Mr. Collinlon, is as follows : “ Permit me 
to fpvuk of another Automaton of Droz’s, which fevc- 
ral vears iince he exhibited in England; and which, 
from my pcrfonal acquaintance, 1 had a commodious 
oppoitimity of particularly examining. It was a figure 
of a man, I think the fize of lile. It held in its hand 
a metal ftyle ; a card of Dutch vellum being laid under 
it. A fjiring was touched, which releafed the intc’r- 
nal clockwork from its ftop, when the figure immedi- 
ately began to draw. Mr. Droz happening once to be 
lent for in a great hurry to wait upon fome conlidcr- 
able perfonage at the weft end of the town, left me in 
poffcffion of the keys, which opened the receffes of .ill 
his machinery. He opened the drawing-inafter hira- 
felf ; wound it up ; explained its leading parts ; and 
taught me how to make it obey my requirings, as it 
had obeyed his own. Mr. Droz then went away. 
After the firft card was finifhed, the figure refted. I 
put a fecond ; and fo on, to five feparate cards, all 
different fubje^ls : but five or fix was the extent of itfc 
delineating powers. The firft card contained, I nuy 
truly fay, elegant portraits and likciicffes of tlie biiig 
and qnecn, facing each other ; and it was curious to 
obfeiMC with what precifion the figure lifted up his pen* 
cil, in the tranlition of it from one point of the diaft 
to another, without making the Icaft ffur whatever: 
for inftance, in paffing from the forehead to the eye, 
nofe, and chin ; or ffom the waving curls of the luuV 
to the car, I hate the cards now by me, 

&c, &c.” 

pju X77, coL 1, 1, 2,/vr, Auguft rW September. 
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P AGE T9 coU I, at the end of the article on 
Barometrical Mealurements of Altitudes, aJd^ See 
a learned paper in vol. l. of the TranfaAions of the 
R. Soc, of Edinburgh, On the Caufes which afTe(ft 
the Accuracy of Barometrical Meafurements ; by 
John Playfair, A. M. F. R. S. Edin. and ProfclTor of 
Mathematics in the Univerfity of Edinburgh.’* Alio 
another by Dr. Damen, late ProfefTor of M.ithcma- 
tics and Phllofophy in the Univerlity of Leyden, iu- 
titlcxl, “ Diflfertatio Phylica & Malhcmatica de Mon- 
tium Altitiidinc Barometro Meticnda; Accedit Rc- 
frad^ionis Aftronomica: Theorla ; in 8vo, at the Hague, 
1783. 

Pa. ?o$, col. I, after the life of Dan. Bernoulli, 
the following life of James. 

BERNOULLI (James), another mathematical 
branch of the foregoing celebrated family. He was 
born at Bafd in Odlober 1759 ; being the fon of John 
Bernoulli, and grandibn of the firft John Bernoulli, 
before mentioned, and the nephew of Daniel Bernoulli 
laft noticed above. Our author’s e)der brother John, 
who hill lives at Berlin, is alfo well known in the republic 
of fcience, particularly for his aftronomical labours. 

The gentleman to whom this article relates, was 
educated, as nioft of his relations had been, for tlic 
profeflion of law : but his genius led him very early 
into the ftudy of mathematics j and at 20 years of a^e 
he read public Icfbures on experimental philofopliy iii 
the univerfity of Bafil, for his uncle Daniel Bernoulli, 
whom he hoped to have fuccecdcd as profciror. Being 
Oilappointed in this view, he refolved to leave his native 
place, and to feek his fortune elfcwhere ; hence he ac- 
cepted the office of fecretary to Count Brenner, the 
emperor’s envoy to the republic of Venice ; and in 
this city he remained till the year wjien, on the 

recommendation of his countryman, M. Fufs, he was 
invited to PeteHburgh to fucceed M. Lexell in the aca- 
demy there, where he continued till Ida death, which 
happened the 3d of July 1789, at not quite 30 years of 
age, and when he bad been married only tvro months, lo 
the younged daughter of John Albert Euler, the fon 
of the fo celebrated: Leonard Euler. 


ImpoJTtkle xtr Imaginary BINOMIAL, After this 
article/ in. pa. 208, the middle bf col. i, add what 
here follows, ^ , , r 

In the foregoing article are given fevcral rules for 
the fdotsW Binomikls, Dr. (Vlaikdyne, the Artrono- 
tter Royal, has alfo given a method of finding any 
power of an Impoffiblc Binomial, by another like Binoj 
miaL TOs rule U given in his Introdudtmn prchxca 
to Taylor’s Tables of Logarithms, pa. 56 ; and is as 
fmlows. 

TKe logarithms of a and h being given. It is re- 
quited to find the power of the Impoflible Binomial 


a A — /r* whofe index Is — , that it, to find 
n 


(if di by another Impoffiblc Binomial ; and 

rf ♦«» 

thence the value of + q/ — 1^^) -f 

whicli is always poffiblc, whether or ^ be liic greater 

of the tw'o. 

Soluiun. Put — ^ tang. 2. Then 
a 

^ z 

(.i±^~) "=(1.= (cof.^ * ± 

. ^ ft 

m w tn ' 

Hcncc (^ 4 " 

>n 

"in 

2cof.^2=: (tf xfcc.sl" xzcofin.'';^^ = (^Xcofeesj.)* 

X 2 cofio. Z 2, where the firft or focond of thefe tw® 

laft expreffions is to be ufed, according as * is ao cx- 

b , y 

treme or mean arc : or latlicr, bccaufc - -is not only 

n 

the tangent of k, hut alfo of « -f* * d* 7 *^** 

&c ; therefore the Ldor in the anfwcr will have Icvcnd 
values, viz, 

2 cof. —2; 2 cof.^ (2 + 360°) ; 2 cuf. + 720®); 

n n n 

Sic ; the number of which, if m and n be whole num- 
bers, and the fraiRioii — be in its leaft tcims, will be 

/I , 

equal to the denominator n ; otherwife infinite. 

By Logarithmj, Put log. b -f- 10 —log. a = log. Un. 

tn 'V 

Then log ( (a + -k- {a - ") t= 

= d" X (1.^7 + TO — 1 . cof. 2) -f- 1 . 2 -{- 1 . cof.^ 2—10 
« ^ , 

= - X ( 1 . fin. 2) + 1 . 2 -hi. Cof.‘!? 2 — XO J ’ 

« 

where the firft or fecond expreffion is to be ufed, ac- 
cording as a is an oftlremc or mean aic. Moreovcf by 

taking fucceffively, I. cof. z ; I. cof. ~(*+3rfo®)j 

I cof, — (2-f-"20'') ; there will arife fever^'-dif- 
n 

timff anfwtrs to the qin-fiijn, agreeably to the re- 
mark above. 

BINOMIAL Theorem, Francis Maferes, Riq. 
(Curfitoi Baron of the Exchequer) hag commom\i:i?i 
5 A 2 tbf 
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the following obfcrvatlonai on ttic Binomial ihcdterij^ 
and ili demon (hation J viz, About the year 1666 tKS 
celebrated Sir Ifaac Newton difcovered that, if m were 
put for any whole number whatfoever, the coefidcients 
of the tcims of the wth power of i -jr x would be 
m m — l m — a 

m — ( m — I ) 


m m 

T’ 


i 


which will 


till we come to the term 

e the laA term. But how he difcoveied this propo- 




lition, he has net told us, nor has he even attempted to 
ive a, d‘"monhrauon of it. Dr. John Waits, of Ox- 
ford, Infoirnsus (in his Algebra, chap. P^* 3 ‘ 9 ) 
hc’ljad eiideavouroif to find this manner of generating 
tjiefe coefficients one from another, hut without fucceb ; 
and he was greatly delighted with the difcovcry, when he 
found tliat Mr. Newton had made it. But he likewife 
has omitted to give g dcmonlfration of it, as well as Sir 
Ifaac Newton jiand probably he dkl not know how to 
demon Urate it. 

Sir Ifaac Newton, after he had difcovered tliis rule 
for generating the coefficients of the powers of i -f ^ 
when thcjnoixes of tliofc powers were whole numbers, 
cor^e'£lured that it might poffibly be true Ike wife 
wh^n thev were fradllous. He therefore rcfolvcd to try 
vebeth<^r k or noti hy applying it to fuch indexes in 
a^few eafy inftanccs, and particularly to the indexes 
l^aod jt wliich, if the rule held good in tlie cafe of 
Iraaional indexes, would enable him to find feTicfca 


X ‘ 

<cic|\ial to the vakea of i + and i -h .jA* , or 
the f^uarc*root and the cube-root of the Binomial 
quahtUy 1 + wi And, when he had in this manner 

obtained a feries for i which he fufpeded to 

I 

!)« e^ual to > or the fqnare root of 1 -f* x, 

he multiplied the laid feries into itfclf, and found that 
the produd was i -f- .v ; and when' he had obtained a 

feries for i -f li« multiplied the faid feries twice 
intoitfelf, and found that the product was i + a* ; and 
thence he <^enGkded that the former feries was really 
equal to the fquare-root of i + a, and that the latter 
feries was really equal to its cube root. And from theft 
and few frtore (beh trials, in which he found the rule 
to anfwer, he concluded unlverfally that the rule was 
always true, whether the index m Uot)d for a whole 
number or a fraction of any kind, as 3, 3, |, f, 

IhTi in general 

After tt&difcovcry of this rule by Sir Ifaac Newton, 
.and the pubjiaation of it by Dr. Wallis, in his Algebra, 
ch;^. 85, in the (which 1 believe was the 

firfl time it was pnbliffied to the world at large, though 
it waiinfcrt^d m Sirlfeac Newton's firft letter to Mr. 
Oldeilburgh, tho-fecrctary to the Royal Society, dated 
Jtinr 1 3, 1676, and the fatd letter was ffiewn to Mr. 
Leibnitz, and probably to fome other of thelearued 
mthematicians of that lime) it remained for fome years 
without a demon (IratioD, either in the cafe of integral 
fipwen or of roots. At kft however it was demoo- 


ftrated in the cafe of integral powers by means of the- 
pro^crtic^ of the figuratc mimbers, by that learned, fa- 
gacious, and accurate mathematician Mr. James Ber- 
fioulir, in the 3d chapter of the 2d part of hia excelk'nt 
treatife yfr/i!’ Conjedtindi^ or, On the Art offorminr 
reafdnahk Ctinje^lnra concerning Evenfi i}}at depend on 
Chance ; which appears to roe to be by much the bell 
written treatife on lhcdo6lrine of Chances that has yet 
been .pnbliffied, thouglCMr. Denioivie’s book on the 
fame fubjcdl may have can led the do^lrine fomething 
further. Tills treatife of Mr. James BernouHi'h \va5 
not pubfiffied till the year 1 yi 3, \Vhich was fome yc-us 
after his death, which happened in Au^ill 1703 \ but 
there is reafon to thitii: that it wascorripulcd in the luior 
years of the preceding century, -about the years 
1697, 1(598, 1699, and 1700, and even that ibrne 
parts of it, or fome of the propolitioiis infcitcd in it, 
had been found out by the author in the yeais 16S9, 
1690, 169 f, and 1692. Fur the litfi part of his vciy 
lions tradi, intitlcd, Pofiinnei Anlhmcliccs deScne'ins 
nh'u was publifficdat Bat’d or Ballc in Switzciland (which 
was his native place, Jfnd in which he was at that time 
profeflbr of mathematics) in the year 1689; and the 
fccond part of the faid Pcf,tio?ics (in the 19th Fofition 
of which thofe properties of the figurace numbers from 
which the Binomial theorem may be deduced, are let 
down) was publifhed at the fame place in the year 1692. 
But the dcm«)nllrations of thofe properties of the figu* 
rate numbers, and of the Binomial theorem, whitli 
depends upon them, wet^ never as 1 believe communi- 
cated to the public till the year 1713, when the an- 
thoi^s poRKumous treatife De Arte Cvnjdhmdi made Its 
appearance. '1 hefe demonftrations are fpunded on 
clear and fimple principles, and afiord as much fatil- 
fadion as can well be expeded on the fubjed., But 
the full difplay and explanation of thefe principles, and 
the dedudiion of the faid properties of the figurate num- 
bers, and ultimately of the Binomial theorem, from 
them, is a matter of confiderablc length. It will not 
therefore be amifs to give a ihortcr proof of the truth 
of this important theorem, that ffiall aot require a 
previous knowledge of the properties of the ligurate 
numbers, but yet flwll be equally conclufivc w'ith that 
which is derived from thofe properties. Now this may 
be done in the manner following. 

Let us fuppofe that the coefficients of the terms of 
the firft fix powers of the Biuomial quantity i "h * 
have been found, upon trial, to be fuch as would be 
produced by the general expreflions 


m m w — 1 m iw- 




by fubftitutihg in thcro firft I, then 2 > then 3 > 

4, then 5,' and laftly 6, inftehd of «. This inay ca- 
fily be tried by raifing the (aid firft fix powers of 1 -f 
by repeated multiplications by 1 1+ a ia the common 
way, and afterwards finding the terms ef the fame 
powers hy means of the kid general cxgreffions above ; 
which will be found to produce the vciy fame terms as 
arofe from the multiplications. 'After iht(t trials wc 
IhaTl be fure that thofe general expreffibos are the taie 
valuis of the coc%icnts. of the powers of t + ^ ^ 
iafcckiftfiijft Ana it will 
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*”*'''* •'''"® '"•*** &' i «n«> th<r oevr theorem here »Uu<ltd to, it . 

laid firlt fix powers, it will alio be true in the next fvl- ^-r _ 1 ’ I i ^ 

lowing,, or th^ 7 th power, and confeq'icntly in the ill, i +/> 7 ‘= 2 1 + m + -iV-l- — -/lyi* -f s*u^ 5 cc | * 

iinrt “ih «1V ^ ^ 


V. /V.. (Viiiij, 111 lllCtMlI, 

9^1^ a fK^ IC^fi powers, and ih allhiglier powcis wluit- 
foever. 


3 e 2*3 4 

xver, ■ , whv^iv / 4. >y3 ^ 4 ^C, 

Now^if uJ^ OoeJQEk-'it^ts of the. ift, 2d, jd, eftli, aud^ which the invcflig.ition is as'follows ; 

fn 


other foilawlpg terais qf | + .d be denoted by tlie let- 
ters < 1 ,. 6 ,/, </, &c, refpedtlvely, it k cdOent Ttou^ the 
^ivitujcof BXuUiplicatioii, U)At tlic coelfidentj of the 
lit, 2 d, 3 d, 4th, and other fijHovving t^rms of the 

w -|" I 

next higher power of i .v, to wit, i 4 I 
will' be equal to <7, 4 ^ 4 e, t S:c, rcfpec- 

tively, or to the ihms of every two conligaoiis cotfii- « 

dent*! of the terms of the preceding fciics which is 4(«®-i5'n5485//— 25.1^ + 274;«*~i20 //) — -— -SiC, 
, 2.3.45.0 

^ .i.. opciation of by conneditig the fcvcral powers of / with all the 

imiluphcation, .8 as follows. 


>4/J - 14^ + “--/’ + -^-/^+-^^ 

---I -f «/ f 4(/|3-3ff-42«3 

4 (/;5-iO;r^4 3 sR’-CO/i^ + 24 ^) 

^•3 4-S 


a 4 'b "I" 

I 4- ,v 

a 4 4 cx^ 4 * ~ 1 ' rr** 4 5 cc 

4 bx^ + r.r^ 4 + &c* 

. m 

I'hereforc, if i 4 x) is equal to the ftrics 

4 4 4 4 

m 4 I 

then 14 .v^ will be equal to the feries 

<j- 4 ^ + ^.^ 1 ^ 4 ^ + ^ ..r* 4 - r 4 
Now let a be =? i» 4- i . We Hiall tlicn have to 
prove that, if the coefficleuls a, by Cy J, See, be rc- 
tpcftivcly equal to ^ 

m m m ^ f 

I —, — . , — . , 3 cc, 

11 2 12 3 

the coefficients 4 / 4 r, See,, will be refpec- 

tivdy equal to 

n n n^i n 1 « — 3 

» Y’ T* z * 1*2*3* 

In ord^r to prove this, there is nothing more to do 
than to coHeift tagethcr every two terms of the former 
©ftbefe t\vo fencs, and then fubftitutc into thefe ( im^, 
« inftead of m 4 j/ wheh there will imn^ediately tome 
out the terms of the I^tcr feries as above, viz, 

T+:3*== j + - 4; -f 4 Y-'* + 

Bimomiai. Theerrm, ImprovmM of, Mr Bonny- 
«ftle, difthe Royal Mil. Acad, bas lately difeovered 
tbe-folkmilig ingenious improvement of this theorem, 
vhick istiim pnblHhed for the firll time. 


+ Cr- 




HP ' 

iso/ , 

■‘•3 

2-3-4^ 

2.3.4 s" 

2.3.4.J.(' 

?A’ + 

I 1/“* 


8 

-3 + 

2^“ 

^•3-4.5 + 

2.3.4.5.6 

(£_ 

J£.. 

i ’ iP ' 

8 

■*•3 

2.3.4+ 

2-3*4‘5 

2.3.4.56 


&c)rt 


, _£!. _i?£_ . 

^4.3.4" 2.3.4. j'^2.3.'4.5.6' 

*-3-4-5 

p'' 

” sic ;' 

which by abbreviation, 6fc, becomes 

. + --4- >•)’ 


Ac)/i 


+ 1 +iJ^J _ 52^1 &c)«* 

^ 3^3-4 .M-S^ 3‘-4-5-6 

4 - I — (p*‘v^ Uf. ,- &c)«‘ 

- ' 2.3.4.5 ^ 6 

(f* tcc)n* 


274/>» 


2.3.4.S.6 


&«■ 


rnicn isnftw pnbliHied tor tnenruiime. , 

This celebrated thcotem has been given under vanons igft furies, the literjl parts of the eoeiftpients 

ibrms, fiiicc the tJmc of its firft invention^ butthefol- jd, qih, 5 lh, &c terms, arc the fquarc, cube, 

lowing property of it is conceived to be new, andcapa- bJauadrate, Jtc, of the coefficient of tim id teim, as 
ble of an s^plicaBbn dt which the original feries is not apj^^f either from the aitual involution of 

“T^^^oiiapWcoremiinoneofits nfo^^ ^ 4.;.^ - &c, or by comparing its fereral 

powers with the multinomial theorem of Dempivre. 
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I + / " = I + 

z 3 z z 3 

4. — _(^.C4_2 ^c)n^ 
z*3 ^ 3 2‘3’4 2 3 

&c. 

a1 ^3 

And If p — ^4-^^ — ^ See be put r: /, we fliall have 
234 

i+7lw =: I 4- j« 4- 4 

^ 2 2.3 2.1.4 


a« waste be (hewn, 


, By a fimilar mode of dedii6Uonv it ^ may alfo be 
proved that 

n^" = I - /b + y*fl* - -^/J»’ + -A-Za^ic; 

*•3 z.3.4 

fvhere in this cafe /^^4*^ + 

234 

In each of which formulae, the Index «, may be con- 
fidcred either as a whole number, a fta<SIon, a furd, a 
given or an unknown quantity, aB the circumftance may 
require. 

For the application of thefe theorems, fee Loo a* 
RiTHMS, and Exponential Equations^ following. 


C. 


C AN 

C ANAL, in general, denotes a long, round, hol- 
low inftruinent, through which a fluid matter may 
be conveyed. In which fetife, it amounts to the fame 
as what Is otherwife called a pipe, tube, channel, S:c. 
Thus the Canal of an aquedud^ is the part thiongh 
which the water pafTesj which, m the ancient works of 
this kind, is lined with a coat of maflic of a peculiar 
compofitlon. 

Canal more particularly denotes a kind of artifi- 
cial river,' often furniilied with locks and (luices, and 
fullained by banks or mounds. They arc contrived for 
divers purpofes ; forac for forming a communication 
between one place and another j as the Canals between 
Bridges and Ghent, or between BrufTels and Antwerp : 
Others for the decoration of a garden, or honfe of plea- 
fUrc ; as the Canals of Verfailles, Fontainbleaii, St. 
James’s Park, &c ; And others are made for draining 
wet and marihy lands ; which laft however are more 
properly called water-gangs, drains, ditches, &c. 

It is ticedlefe to enumerate the many advantages 
arifing froii\ Canals and artificial navigations. Their 
utility is now fo apparent, that mod nations in Europe 
give the bighel! e^Kquragement to undertakings of this 
kind wherever they' arc ' practicable. Nor did their ad- 
vantages cfcape the obferva'tion of the Ancients. From 
the earlieit accounts of focicty we i-ead of attempts to 
' Cut through la^gc ifthmufes, to make communications by 
Water, citMY J)etween one fea and another, or between 
.different nations, or dlftant parts of tl^e fame nation, 
where lahd-emtiage \iras*long and expeiiiWe. 

Egy^t is full of Canals, dug to receive and difiribute 
the watjjrs of the Nile, at the time of its inundation. 
They are dry the reft of the year, except the Canal of 
Jofeph^ and four or five others, which may be ranked 
* as' cbnliderahlc rivers. There were alfd fubtCitanebvis 
Canala, or tunnels, dug by an ancient king of Egy^, 
by Which thdfe lakes, formed by the Inuudatibhs oftlm 
, ^ile, ^cre cohveyed into the Mediterranean fea.^ 


CAN 

Herodotus relates, that the Cnidians, a people of 
Coria, in Afia Minor, deirgned to cut through the 
illirmus which joins that pcninfula to the continent ; 
but were fuperftitious enough to give up the under- 
taking, becanfe it was interdided by an oracle. 

Stveiul kings of Egypt attempted to join the Red- 
Sea to the Mediterranean ; a project which Ckopati-a 
was very fond of. This Canal was begun, according to 
Herodotus, by Nccusfon of Pfammeticus, who deli fled 
from the attempt on an anfvver from the oracle, after 
having loll 120 thouCind men in the enterprife. It was 
refumed and completed by Darius fon of Hyftafpes, or, 
according to Diodorus' and Strabo, by Ptolomy Phil- 
adelphus ; who relate that Danus relinqiiiflied the 
woTK on a reprefontation made to him by Unfkilfiil en- 
gineers, that the Red-S^a, being higher than the land 
of Egypt, vvpuld overflow and drown the whole coun- 
try. It was wide enough for two galleys to pafs abreaft, 
and its length was four days failing, Diodorus adds, 
that it was alfo called Ptolomy’s river ; that this prince 
built a city at its mouth on the Red-Sea, which he 
called Arfinoc, from the name' of his favourite liiter ; 
and that the Canal might ‘ be either opened or (hut, as 
occafion required. Diod. Sic. lib, 1 ; Strabo, Geog. 
lib. 17; Herod, lib. 2. Soliman the 2d, emperor of 
the Turks, employed 50 thoufand men in this great 
work j which was completed under the caliphate of 
Omar, aboutthe vear 635 ; but' was afterward allowed 
to fall into negleft and difrepair j fothat it is now dif- 
ficult to difeover any traces of it. Hift, Acad. Scleoc. 
ann. 1703» pa, 1 10. , 

Both tlje Greeks apd Romans * 

Canal acrofs the Illhmus of Corinth, wfoch joins the 
Morca.and Achala,^ for a navigable p^age by the 
Ionian fea into the Archipelagq.| Demetrius, Juhus 
C:cfay, Caligula, and Nero, made ' feVerat unfucccfsful 
efforts to opCti this paffdgp. But as the Ancients werp 
cntir'eRri^drant of the^fe of water-kicki, their whole 

Attention 
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•nention watemploycd in making level curt, which ia 
probably the chief reafon why they lo often failed in 
their attempts. Chailemagne formed a dcfigii of join- 
{ng the Rhine and the Danube, to make a communica- 
tion between the Ocean and tlic Black-Sea, by a Canal 
from the river Almutz which difchargce itfclf into the 
Danube, to tlic Reditz, which falls into the Maine 
which lad falls into the Rlu|ie near Maycnce or Mentz ; 
for this purpofe he employed a prodigious number of 
workmen ; but he met with fo many obdacles from dif- 
ferent quarters, that he was obliged to give up the at- 
tempt. 

A new Canal for conveying the waters of the Nile 
from Ethiopia into the Red-Sea without palling into 
Egypt, was projeaed by Albuqucrmic, viceroy of In- 
dia for the Poituguefe, to render Egypt banen and 
unpiolitable to the Turks — jM. Gaildeuaii attributes 
tlie frequency of the plague in Egypt, of late days, to 
the decay, or ftopping up of thefe Canals ; which hap. 
pened upon the Turks becoming niaders of the couii- 
tiy. 

in China, there is fcarce a town or village without 
the advantage cither of an arm of the fta, a navigable 
liver, or a Canal, by which means navigation is ren- 
dered fo common, that there are almoft as many people 
on the water as the land. The great Canal of China, 
ib one of the wonders of art, extending from north to 
fouth quite aciofs tlie empire, from IVkin to Canton, a 
didance of 8.15 miles, and was made upwards of 800 
years ago. Its breadth and depth are furacient to cany 
b:nks of conlidcrable burden, which are managed by 
laili and malls, as well as towed by hand. On this 
Canal it feems the emperor employs near ten thoufand 
fliips. It pafTts through, or by, 41 laigc cities; there 
are in it 75 vail locks and Buic^, to keep up the wa- 
ter, and pafs the Blips where the ground will not admit 
of fufficient depth of channel, befide fevtral ihouf.md 
draw and other bridges. Indeed, F. Magaillane all'urcs 
us, there are paflages from one end of China to the 
other, the fpace of 600 French leagues, either by Ca- 
nals or rivers, except a finglc day’s journey by land, ue- 
ccll'ary to crofs a mountain. 

The French at picfenthavc many fine Canals. That 
of Brierc, otherwife called the Canal of Burgundy, was 
be gun under Henry IV, and finilhed under the di- 
redtiou of cardinal Richelieu in the reign of Louis 
XlH. This Canal makes a cominun'cation between 
the Loire and the Seine, and foto Paris. It extends 1 1 
Prench great leagues from Briere lo Montargis, and 
has4x locks upon it. 

The Canal of Orleans was begun in 1675, for ef- 
tabli/hing a communication alfo between the Seine and 
the Loire. It is confiderably Ihortcr than that of 
Briere, and has only aofluices. 

The Cansd of Bourbon was but lately undertaken ; 
its defign 18 to make a communication from the river 
Oife to Paris. 

^ But ,thc gyeatell and moll iifeful work of this kind, 
the junction of the Oc^an with the MoJitenanean by 
tlw Canal of Languedoc, called alfo the Canal of the 
two fea9, ' It y^as propofed in the reigns of Fran- 
ind Hpnry IV, and was begun and finilhed 
“nOcr XlV } having been planned by Fran- 

in. the year 1666, and finilhed before his 


dMtli, which happened In ,«8o. It begin* with* 
laigc rcfcrvo.r 4000 paces in circumference, and 14 
Icct deej), vvhicli reciivts mmy fpringsfrom the mmm- 
tdin Noire. Flic Can.il is .about 200 itilles in length, 
extending from Narbonne to Tholuufc, beinjr ftipplicd 
by a number ot rivulets in the way, andfuinlnicd with 
1 04 locks or nuiccs, of about 8 feet life c.acli. In forne 
places It is canicd over budges and aqncdui^ts of vail 
height, which give pafTige underneath to other ri- 
sers ; and in fonu* places it is cut through folid rocks 
lor a mile together. 

The new Canal of the lake Ladoga, •cut from Vol- 
howa to the Neva, by wliich a communication is made 
hetwken the Baltic, or rather Ocean, and the Cafpian 
fea, was begun bv the czar Peter the ift in 1719 : by 
means of which tlic Rnglilh and Dutch meichandizc 11 
talily conveyed into I’cifia. without being oldiged to 
double the Cape of (jood Iltipe. — Thete was a former 
Canal of communication between the Ladnga lake .iiid 
the river Wolga, by which timber andotlilr goods had 
beenhiou^ht from Peilia to Peteilbtng ; but the navi- 
gation of It was fo dangerous, that a new' ouc was un* 
delta ken. 

The Spanlaids have feveral times had In view th6 
^ C.inal tlmmgb the IBlimus of Daiicn, be- 
tween North and South America, from Panama to 
Nombre dc Dios, to make a ready communication be- 
tween the Atlantic and the South Sea, and thus alFoid 
a Uraight palTige to Cliina and the Fall Indies. 

In the Dutch, Aullrian, and French Netherlands, 
there is a great numberof Canals : that from Bruges to 
Oflcnd carries vcfTcds of 200 tons. But it would be an 
cndlefs talk to eleferibe the numbcrlefs Canals in Holland, 
Germany, Ruflia, &c. We may thcrcfoic only take 
a view of thofe in our own countiy. 

In England, that ancient Canal from the river Nyne, 
a little below Peterborough, to the river Withain, three 
miles below Lincoln ; called by the modern inhabitant! 
Caerdike; may be ranked among the monuments of 
the Roman grandeur, though it is now mo/I of it filled 
up. iMorion will have it made under the einpej or Do- 
rnilian. Urns and medals have been difeovered on lire 
banks of this Canal, which fcein to confirm that opi- 
nion. Yet fome a jlhois lake it to be a Dani/h work. 

It wa;^ 40 miles in length; and, fo fur as aj)peai8 fiona 
the luins, mull have httii vtiy broad and deep, Not- 
withlland.og that taily beginning, it is not long fince 
Canals have been icvl\.ed in llii^ country. They arc now 
how'tvtr become vciy numeroui, particulaily in the 
counties of Vt)i k, Lincoln, and Chelhiie. Mollofllie 
counties between the mouth of the Thames and the 
lirifiol chaiinci are conneiflcd together eithei by natural 
or aitifieial navigations ; thofe upon the I’hamt! and 
Ilis reaching within about 20 irnlca of thofe upon tli« 
Severn. 

'Phe Canal for fipplying London with water by 
means of the New Kivei, w:is projeded and begun by 
Mr. Edward Wright, author of the celebrated trfati/c 
on N«vigulioD, about the year / 608 ; but fin Wted by- 
Mr. (aftciwaidb Sir Hugh) Middleton, five ycai 5 after. 
This Canal commence* near Ware, in HtrtfordfhirC, 
and takes a courft of 60 miles before it reaches the clf- 
tern at Iflington, which fupplics the feveral rvalerpipei 
that convey it to the city and paut! adjacent. In foiBf 

places 
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flaces it is 50 feet deep, and in others ilt is Conveyed 
over a valley betweeiitwo hills, by means of a trough 
fupporied on wooden ardtes, and riiing above 13 feet In 
height. 

The Duke of Brld^water'li Canal, projeflcd and 
executed under the direaioii of Mr. Brindley, was be- 
gun about the year 1759. It was firlh dcHgned only 
for conveying coals to Manchefter, from a mine hi the 
duke*i ellate ; but hasfince been applied to many other 
ufoful purpofes of inla^jd navigation. ThI;. Canal be- 
gins at a'^ilaca calle*d Worfley^niill, about 7 miles fiom 
JM inclieilcr, where a bafou is made capable of holding all 
the boats, and a great body of water which ferves as a rc- 
fervoir orhead to the navigation. TlieCanal runs through 
« hill, by a fubtcrraiieous paifage, large enough for ad- 
mitjtlng long flat-bottomed boats, wdiich are towed by 
a rail on eac)i band, near three quarters of a mile, to 
the coal-workfi. Tlieie the paflage divides into two 
channels, one of which goes off 300 yards to the right, 
and the other as many to the left ; and both may be 
continued at picafure. The pafllige is in feme places 
cut through the folid rook, anil in others arched over 
'vvithbnck ; and air funnels, fomeof which are near 37 
yards perpendicular, arc cut, at certa'n di'lances, thiough 
the rock to the top of the hill. The arcli .at iti entrance 
is about 6 feet wide, and about 5 feet high from the 
furface of the water ; but widens within, fo that in 
fome places the boats pufs on^ another, and at the 
its it is 10 feet wide. When the boats are loaded and 
roughtout of the bafon, five or lix of them arc linked 
together, and di^awMi along the Canal by a Angle horfe, 
and thus reaching Wiicheller in a courfc of nine miles. 
It is broa^ eqouB' barges to pafs or go iibrcaft ; 

and ofi one lide there is a good road for the paffage of the 
, i>eopIc, afldthc horles or mules employed in the work. 
The Canil ralfed over public roads by means of 
arches ; and It pafles over the navi^ble river Irwcll near 
50 feet above it ; fo that lai^e vidfels in full fail pafs 
under the Canal^ while the duke’s barges are at the 
fame time pafltng over them. This Canal joins that 
which pafl'cs frppi the river Merfcy towards tfie Trent, 
taking in the whol^ a courfpof 34 miles. 

, ,The Laocailcr C^nal begins near Kendal J and termi- 
tiates near Eccleftoii, comprehending the dillance of 

, , The Cjinalfrotp’ Liverpool to Leeds is loSj miles: 
that from Levels tb^ Selby, *3 f miles; from Chichef- 
ter la ^Mlddlewich, a6| miles ; from the Trent to the 
Merfey, 8,8 nailes; fro;n, the , Trent to the Severn, 
46^ mijc§. Tiw^Birminghara Canal joins this near Wol- 
verhampt!00> m^d is 24J, miles : the Droitwich Canal is 
tl^C Coventry Canal, commencing near 
XmhiSeldi and ioiniag that of the Trent, is 36J miles : 
the Oxford Canal breaks off from this, and Is 82 miles ; 
the Chefterfield Canal j^oins the Trent near Gainlbo- 
rough, and Is 44 miles. 

A communication is npw formed^ byy means of this 
inland navigatioih b^vveta .Kendal and London, by 
.wtf of Oxford ; betvyceh ^Liverpool and Hull, by the 
of Leeds ; and bet ween, the Briftol channel and the 
Humber, by the jundbon formed between the Trent 
luid the Severn. Other fchemes have been projeded, 
which the prefent fpirit of improvement will probably 
foon carry into execution, of opening a communichtidn 
3 


^betwcai ’dieOertftaii and Irifh feas, lb «« (to t'cdtice a hi. 
"'Zardous nangatipn of more than 800 miles by fca, into 
a littl| more than [50 miles by land, or inland naviga. 
tion } and alfo of joining the Iflswitb.the Severn. 

In Scotland, a navigable Canal between the Forth 
and Clyde, which divides that country into two paits, 
wds thought of more 'tha'n 'a ccnniry fioce, fortranh 
ports and fmall (hips of war. ' It was again projtdtefl m 
the year 1722, and a forVey made ; but nothing tnof^c 
was done till 1761, \yhcn the then lord Napier, at ]\h 
own cxpcncc, had a furvey, plan, and cftim'atc made on 
a Imall leale. In 1764, the truflees for fidsciies, Sev, 
in Scotland, procured another fuiwey, plan, and 
mate of a Canal 3 feet deep, which was to cofl 79,000 
pounds. In lyhb, a fubhription was ohtaired hy a 
number of the moll refpedlable merchants in Cl-^frow, 
for making a Canal i feet deep and 24 feet in breadrh ; 
but when the bill w-as nearly obtaine<l in parliament, i: 
was given up on account of the fmallnefs of tin- Teak', 
and a new fnbfcription fet on foot for a Canrd 7 
feet deep, eflimatfd at 150,000 pounds. 'I his ohr.iiin d 
the far.c^tion of pailiament ; and the work was Le.nin m 
1768, by Mr. iSmeaton the engineer. Tlieextun ‘ 
length of the Canal from the Forth to the CI\<!e is 
miles, beginning at the mouth of the Cwron, and ( li j- 
'ing at Oahnnre Burnfoot on the Clyde, b iniks l)el nv 
Glafgows rifing and falling i6o feet by means of to 
locks, 20 on the Vaft fide of the funnnit, and 1901 
the Well, as the tide does not dib fO low in tlieChe> 
as in the Forth by 9 feet ; and it was iktpeiied to up- 
wards of 8 feet. This Canal W'as flninicd a few year, 
flnee, after having experienced fome inleriuptions and 
delays, forwantof refourccs, and isefleemed tlie gicai- 
efl Work of the kind in this ifland. Veflels drawing H 
feetwatcr, with 79 feet in the beam and 73 feet la 
length, pafs with cafe; and the whole tutcrpiifc d!(- 
plays thc’hrt of man in a high degree. To fupply the 
Canal with water was of itfelf a very great woik. 
There is one rcfervolr of 50 acres 24 feet deep, and 
another of 70 acres 22 feet deep, in which many rivets 
and fpHngs -terminate, which it is exp€6lcd will aiTui J 
fuflicient iupply of water at‘ all times. 

Thi! PraHice hf Canal -Digging and Inland Navigaflonu 

The particular operations neceflary for making arti- 
ficial navigations, depend upon a number of circum* 
fiances. The fituation of the ground ; the vicinity or 
connexion with rivers ; the cafe or difficulty with which 
a proper quantity of water can be bbtained ; tUfe and 
many other citcfimftancCa netcflarlly p>roduce great 
riety in the ftrodlure of artificial navigations, and aug- 
tnent or dimintfh the labour and expence of executing 
them. When ihc.ground is naturally level, anduncoii' 
neded with rivers, the execution is eafy, and the navi- 
gation is not liable to be dtfturbed by floods : but when 
the ground rifes and falls, and cannot be reduced to a 
level, av^ifiOial method® of raifing and lowering 'elk 
ihiill be employed; which like wrfc' tat y according to 
circuraftanccs. “ 

Sometimes a kind of tempofary are employ 

cd; to raife boats over falls or flioals in rivers, ova 
fim(>lc operation. Two pillars of ntafpn-work, with 
grootci,* arc feed, one bn each'banft of the river, 
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fto*!- The boat having |)arcd 

• } *’y '‘•'‘'h ““"s the xvater 

18 dariimrf^p fo a projJtr height for allowing the boat to 
pais up the nvet pvci* the fhoal. 

The Dut^ and Plemings'at this day fometimes, 
when.oblbuaedbycafcades, form an inclined plane or 
rollmg-bridge upon dry land, along which then- vcllels 
arc draxvti from the river below the oafeade, into the ri. 
ver above it. This it is faid was the only method em- 
^yed by Uie Ancients, and Itill fometimes nfed by the 
Chinefe. Thefe rolling-bridges conlid of a number of 
cylindrical rollers wliich turn eafily on pivots. And a 
mfill is commonly built near ; fo that the fame macliincry 
may ferve the double purpofe of working the mill and 
drawing up vefTels. 

But in the prefent improved date of inland naviga- 
tion, thefe falls and (hoals aie commonly furmoiintcd 
by means of what arc called locks or fluiccs. A lock 
is a bafon placed lengthwife in a river or Canal, lined 
with walls of mafonry on each fide, and ceiminatcd by 
two gates placed acrofs the Canal, where there is a 
cafeadeor natural fall of the country ; and focondrud- 
ed, tliat the bafon being filled with water by an upper' 
fioice to the level of the waters above, a veflel may 
alcend through the upper gate ; or the water in the 
lock being reduced to the level of tl^e water at the bot- 
tom of the cafeade, the veflel may defeend through the 
lower gate : for when the waters are brought to a level 
on either fide, the gate on that fide may be eafily 
opened, ' 

But as the lower gate is drained in proportion to the 
depth of water it lupports, when the perpendicular 
height of the water exceeds 1 2 or 13 feet, it becomes 
ncceflary td have more locks than* one. Thus, if the fall 
be 16 feet, two locks are required, each of 8 feet fall; 
ahd iffhe fall be 25 feet, three locks are neceflary, eacli 
having 8 feet 4 inches fall. — It is evident that the fide- 
walls of locks diould be made very drong: and where 
the natural foundation is bad, they ihoiild be founded 
oil piles and platforms of wood. They diouId Iikcwife 
dope outwards, in order to refid the preflure of the earth 
irom belundp 

^ To illudrat^ 'thla by reprefentations : Plate 37, fig. 1, 
js a perfpe^ive view of part of a Canal, with fcvcral 
mcks 5 cc ; the vedel L being within the lock AC. — 
Pip 2 18 an elevation or upright fci^lion along the Ca- 
nal; the velTel L about to enter. — Fig. 3, a like fee- 
tion of alockfuUof water ; the vcflfel I, being raifed tu 
a level witji the water jp the fuperior Canal. — And 
dg, 4 18 the plan or ground fedtion of a lock : where L 
18 a velTcl jn tke inferior Canal ; C, the under gate ; A, 
the ' - - - • 


t 737 ] 


CH A 


K »««••• poflible 

may be loft And, to make them open and. Ihut wilh 

Ss « furmOied with i long lever Ai, AS i 

By the fubtermneouApaflige GH (fig. i, 3, 4) which 
dtkends obli^utly, by opening the floice G, the water 
1* let doxvt, from the fuperior Canal D into the lock, 
xyhere it is Hopped .ind retained by the gate C\v hen ftmt, 
till the watiT m the lock comes to be on a level with the" 
water in tlie fuperior Canal 1 ); as reprefented in lig. 3, 
When, on the other hand, the water contained by the 
ock IS to he let out. the DsiiTage GH mud be (hut, by 
letting down the fluice G; the gate A mud alfo be 
P^flage KF opened by railing the fluice 
K. A fice pafliige being tlius given to the water, it 
defeends through KF, into tiic inferior Canal, until 
the water in the lock be on a level with the water in the 
inferior Canal B ; as reprefented in fig, 2* 

Now fuppole it be required to laile the veflel L 
(fig. 2) from the inferior Canal B to the fuperior one D, 
If the lock be full of water, the fluice G mull be fhut, 
as alfo the gate A, and the fluice K opened, fo that 
the water in the lock may run out till it become to a le- 
vel with the water in the inferior Canal B. When the 
water in the lock comes to been a level with the water 
at B, the leaves of the gate C arc opened by the levers 
which is eafily performed, the water on each fide of 
the gate being in equilibrio ; the veflel then fails into 
the lock. After this, the gate C and the fluice K are 
fhnt, and the fluice G opened, in order to fill the lock, 
till the water in the lock, and confequeotly the veflel, be 
upon a level with the water in the fuperior Canal D 5 as 
is reprefented in fig, 3. The gate A is then opened, 
and the veflel pafles into the Canal D. 

Again let it be required to make a veflel defeend 
from tlic Canal D into the inferior Canal B. Jf tJic 
lock be empty, as in fig, 2, the, gate C and fluice K 
mud be flint, and the upper fluice G opened, fo that 
the water in the lock may rife to a level with the water- 
in the upper Canal 1 ). Then, opening the gate A, the 
veflel will pafs through into the lock. This done, Ihut 
the gate A and the fluice G ; then open the fluice K, 
till the water in the lock he on a level with the water in 
the inferior Canal ; tin’s done, the gate C is opi ned, and 
the xcfl’el pafles along into the Canal IJ, as ' was re- 
quired. 

CATENARY. T.ine d, for ACB tend BAC.— 

1 . 6, jor A and B rend C and B. ^4fler nohich add^ It 
is otheiwife called the Klajixe Curve, 


* fubterrancous paffageforJet- 
^'”81 fuperior Canal run into the lock; 

^•^4 % fubtcrraucous paflage for water trom the 

lock ^6 (itferior Canal. 

are th^ two flood-gates, each of 
leaves, rfting upon one another, 
fo at tO ^fWnr an obtofe angle, the better to refid the 
i^ater, I'^e fird (X ) prevents the wn- 
ter of C^nalfroln falling iiUothe lock ; and 

^ fuflains the water in the 


i-giitcs ought to be very ftrong, and 
^oh'tneir hfngei They Ihould'alfo be 


CHALDRON. Line 4, 2000 pounds, read 
2S cwi, or 3136 pouiuL. Jit the end and, By a^t of 
parliament, a Newc.idle Chcildrou is to weigh 52^cvvt, 
or 3 waggons of 17^ cwr, or 6 carts of 8^ cwt each, 
making 52^ cwt to the Chafdron. The llatute Lon- 
don Chak^r..n it to confilt of 36 biilhels helped up, 
each bufliel to contain. a Winchefter buflieiund owe 
quart, and to be ifj\ inches diameter externally. |^ow 
it has been found by repealed triaU, that , 15 London 
Chaldrons are equal to 8 N'ewcalUe Chaldrons, which, 
reckoning 52^ cwt to the Utter, gives a8 cwt to the 
former, or jfi lbs to the London Chaldron. ‘ 
This I iird neaMy confirmed by experiment. I 
5 B weighty 
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weighed ore peck bf coal», which amounted to zj^lb. 
Then 4 limes tin's gives 87 Ih for the weight ot the 
burticl ; and 36 time the biiihcl gives 3,132 lb for the 
Chaldron ; to which if the weight of the odd qoart'bc 
added, or 3 Ih nearly, it gives 313.5 lb for the weight 
of the Chaldron, which is only one pound I«;fs than by 
llatute. , 

Pa. 287, col. 2, I. 20, for YX — ^ .r, read 

YX - a -X. 

CIRCLE of Curvature* To wliat is faid of this ar- 
ticle in the Didionary, may be added what follows. 

A circular arc is the only curve line that Is equally 
curved in every point. In all other curve lines, fuch as 
the arc of an ellipfe, or a pniabola, or an hyperbola, 01 
a cycloid, jlhe curvature is different in different points, 
and the degree of curvature in any point is eflimated by 
the curvature of a Circle which is faid to have the fame 
curvature as the propofed curve line in that point ; by 
vhich is uiiderflood the Circle wh'cb, having the tan- 
gent of the propofed curve in the faid point for its tan- 
gent, appioaches fo nearly to the propofed curve that 

110 other Circle whatever can be drawn between it and 
that curve. 

This Circle is alfo faid to ojculate the curve in the faid 
point, and is therefore often called the of^ulating Circk^ 
as well as the Circle of equal curvature with the curve in 
the faid point. And the radius of tliis Circle is .called 
the radius of curvature of the propofed curve in the 
faid point ; alfo its centre is called the centre of curva* 
iure. 

Now there are fome curve lines fb very highly curved 

111 fome particular points, tliat every Circle, of how 

fmall a radius foever, having the tangent to the curve in 
one of thofc points for its tangent, will pafa without 
the curve, or between the curve and its tangent. This, 
for example, is the cafe with the curve of a cycloid in 
the two points contiguous to its bafe, as alfo with the 
ciffoid at its vertex. And in fuch points the curvature 
of thefe curves h faid to be infuitef becaufc it is greater 
than the curvature of any Circle, how fmall foever. 
Alfo the radius of the Circle of curvature in fuch points 
is nothing $ the length of that radius being always in- 
verfely or reciprocally as the degree of curvature at 
any point. . 

The theory of thefe Circles of equal curvature with 
curves in part,Kular points was firrt; cultivated by Apol- 
lonius in his Conic Sc^lions : and it has fince been 
carried much farther by fcveral great mathematicians of 
modern times ; particularly by Mr. Hiiygcps in his doc- 
trine of Evolutc Curves andCuvves ol Evolution, andby 
the great Sir IfaaC Newton, See Curvature. 

CLARKE (Dr. Saiuuel), a celebrated Engli'fh 
divine, philofppher, .and mctapliyfician, was the fou of 
Edward Clarke, Efq, alderman of Norwich, and for 
fevcral ywrs one of its reprefentatives in parliament ; 
and was born there the nth of Odober 167 He was 
iBftni^led in claffical learning at the IVec-lchooIof that 
town ; and in 1691 removed thence to Caius college in 
Cambridge { where his uncomnion abilities foon began 
to difplay themfelvei. Though the philofophy of ucs 
Cartes was at that time th« ed^U/hed philofophy of the 


imlvcrnty* yet Clarke eafily madered the new fyftcm of 
Newton j .and in, ardfir to las firft degree of arts, per- 
formed a public cxcrcife in the fchoois upqn a qqcftion 
taken from it. He greatly contributed totheedablilh- 
ment of the Newtonian philofophy by an excellent tranf- 
lation of Rohault^s Phyfics, w'lth notes, which he finilh- 
ed before he was 22 years of age: a book which had 
been fur fome time the fydem ufed in the univerfity, 
and founded upon Cartefian principles.. This was firib 
publilhed in the year 1697,, and it foot) after went 
through icveral other editions, all with improvements. 

Mr. Whlfton relates that,»in that year, 1697, while he 
was chaplain to Dr. Moi^re bifhop of Norwich, he met 
with young Clarke, then wholly unknown to him, at a 
coffeC'houle in that city ; where they entered into a 
conveifalion about the Caitcfian philofophy, particu- 
laily Rohanlt’s Phyfics, which Clarke's tutor, as he 
tella us,, had put him upon tranflating. “ The refiilt 
of this converfation was, fays Whifton, that I was 
greatly furprifed that fo young man as Clarke then was, 
fiiouU know lb much of thofe fublime difeoveries, which 
were then alraoll a fccrct to all, but to a few particular 
mathematicians. Nor did I remember (continues he) 
above one or two at the moft, whom 1 had then met 
with, that Teemed to know fo much of that philofophy 
as Mr. Clarke." 

He afterwards tunied his thoughts to divinity ; and 
having taken holy orders, in 169S he fuccccded Mr. 
Whifton as chaplain. to Dr. Moore bilhop of Norwich, 
who was ever after his conllant frien^ and patron. In 
1699 he publKhed two treatifes : the one on naplifin, 
Confirmation, and Repentance ; the other, Reflci^lions 
on that part of a book called Amyntor, or a Defence 
of Milton's life, which relates to the Writings of the 
Primitive Fathers, and the Canon of the New Telia* 
ment. In *701 he publiftied A Paraphrafe upon the 
Gofpelof St. Matthew; which was followed in 1702 
by the Paraphrafes upon the Gofpels of St. Mark and 
St. Luke, andfoon after by a third volume upon St. 
John. 

Mean while bifhop Moore gave him the rcAory of 
Drayton near Norwich, with a ledturcfhip in that city. 
In 1704 he was appointed to preach Boyle's lefturc ; 
and the fubjeft he chofc was, The Being and Attri- 
butes of God. He fucceeded fo well in this, and gave 
fo much fatiafa£bion, that he was appointed to preach 
the fame ledure the next year, when he chofe tor his 
fubjed, The Evidences of Natural and Revealed Reli- 
gion. Thefe fermons were firft printed in two volumes, 
m 1705 and 1706; and contained fome remarks on 
fuch objedions as had been made by Hobbes and Spi-- 
noza, and other oppofers of natural and revealed reli- 
gion , In the 6th edition was added,' A Difeourfe con- 
cerning the Connedion of the Prophecies, of the Old 
Teftament, and the application of them to thrift; 

About this time, Mr. Whifton. informs us, hedifco^ 
vered that Mr. Clarke (having read much of the primi- 
tive waiters) began to Mfpen that the Athanafian doc- 
trine of the Trinity was not the dodrine of thofe early 
ages and it was particularly remarked of him, that he 
never read the Atbanafiaa Creed at his parifh church. 

In 1 706 he. publifhed A Letter to Mr, 
anfwcring all the ti^umeoU in his epiftolary 
agaiajft wc immoctafity of the foul, Bifhop ^ 
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tobferves, that in this letter he anfvvefed Mr. Bodwell in 
fo excellent a manner, both with regard to the philofo- 
phicalpart, and to the opinions of fotnc of the primitive 
writers, uporfwhom thefe dot^lrincs were fixed, that it 
gave univerfal fatisfaftfon. But this controverfy did 
not flop here ; for the celebrated Mr. Collins, coming 
in as a fecond to Dodwell, went much farther into the 
philofophy of the difpuU’, and indeed feemed to pro- 
duce all toat could be faid againil the immateriality of 
the foul, as well as the libcity of human a6\ions. This 
enlarged the feene of tlie difpute ; into which our au- 
thor entered, and wrote with fucli a fpirit of clearncfs 
and demonftration, as at once flicwed him greatly fupe- 
rior to his adveifarios in inetaphyfical and phyficnl 
knowledge ; making every intelligent leader ujoice 
tliat fuch an incident had linppened to provoke and ex- 
tort from him fuch excellent rcafoning and perfplcuiiy 
of cxprefTion. 

In the midft of ihefe labours, Mr. Clarke found time 
to fhew his regard to mathematical and philofophical 
lludies, with his exaft knowledge and /kill in them. 
And his natural affc^llon and capacity forthefe (Indies 
were not a little improved by the fricndfhip of Sir Ifnac 
Newton ; at whofe requeft he tranflated his Optics into 
Latin in 1706, With this verfion Sir Ifaac was fo 
highly pleafed, that he nrefented him with tlie fum of 
500I. or tool, to each of his live children. 

The fame year alfo, bifhop Moore procured for him 
the re£lory of St. Bennett’s, PauBs Wharf, in Lon- 
don ; and foon after carried him to court, and recom- 
mended liim to the favour of queen Anne. She ap- 
pointed him one of her chaplains in ordinary ; and alfo 
prefentedhim to the rectory ofSt. James’s, Weftminfler, 
when it became vacant in 1 709. Upon this occafion he 
took the degree of D. 1 ). wjien the public cxcrcifc 
which he performed for it at Cambridge was highly ad- 
tniied. * 

The fame year 1 709, Dr. Clarke revifed and cor- 
redted Whiflon’s tranflatlon of the Apoftolical Conlli- 
tuflons into Knglifli, at lu’s carncfl reqiieft. In 1712 
he publifhed a moll beautiful and pompous edition of 
Ccefar’s Commentaries. And the fame year, his cele- 
brated book called, The Scripture Dodtitne of the 
Trinity, Whifton informs us, that fome time before 
the publication of this book, there was a meffage fent to 
the author by lord Godolphin, and others of quern 
Anne’s minifters, in^orting, “ That the affairs of the 
public were with difficulty , then kept in the hands of 
thofe that were for liberty ; that it was therefore an im- 
feafonablc time for the publication of a book that would 
make a great noife and dlllurbance ; and that tberelore 
they den red him to foibcar till a fitter opportunity 
fhould offer itfelf which raeffage, fays he, the dodfor 
paid no regal'd to, but went on according to the didlates 
of his own Confcience with the publicatfon of his book. 
The minifters however were very right in their conjec- 
tures ; for the work made noife and diffurbance enough, 
and occafioned a great many books and pamphlets, 
written by himfelF and ot)ier«. Nor wcrcthefe the 
whole that hia work occafioned : it rendered tlic author 
obnoxious to tbc ccdcfiaftical povi'cr, and his book was 
^ 'Complained bf by the lower houfe of convention. 1 he 
•do^or dttw up a preface, and afterwards gave m icvc- 


ral explanations, which feemed to fatisfy tlic u^cr 
houfe ; at leaft the affair was not brought to any iflue, 
the members appearing defirons to prevent diffenfions 
and divifions. 

In 171 5; and 1716 he had a difputc with the ceic* 
brated Leibnitz, concerning the principlts of natural 
philofophy aud religion ; and acollcdion ol the papers 
which paffed between them, was publinicd in 1717. 

J Jns woik w^as acldiciled to qiiem Caiulinc, then 
prine'efs ot \Yalc's, ivho was pleaftcl to have the con- 
troveily piifs tluough licr hands. It related chiclly lei 
the fubjci^ls ol 111 •city and nccclllty. 

About flic year 1718 he was prefented b) the lord 
Lechmeiv, to the mallei flilp of Wigllon’s hofpital in 
Jvticcllerniiic, In 1724 and 1725 hepuhlinicd 18 fet- 
inons, preache‘d on fevcial occafions. In 1727, on the 
death of Sir llaac Newton, he had the offa* of fucccctl- 
ing him as Mailer of the Mint, a place worth from !x 
to 15 bundled a year : hut to this fccular piefcnnent he 
could not reconcile himfclf;- and therefore abfoliitely 
lefufcd it. — In 1728 was jniblilhcd, a Letter from Dr, 
Clarke to Mr, Benjamin Hoadlcy, occafioned by the 
Contiovcify relating to the Propoition of Velocity 
and Force of Bodies in Motion ; and printed In the 
Philofophical 'I‘i anfadions, num. 401. — In the hegm- 
ning of 1729 he publiflicd the full 12 books of Uo- 
mcr’s Iliad : a work wliich bilhop Hoadlcy calls an ac- 
curate performance ; and his notes, a trcalury pf gram- 
matical and critical knowledge. And tlic fame )ear 
came out, his Lxpofitioii of the Church Catechifin, 
and iQ volumes of Sermons; books fo well known 
and fo generally a])provcd, that tliey need no recom- 
mendation. But (he fame year, on Sunday the 1 ith of 
May, going to preach before the Judges .at Serjeant’s 
Inii, he was fei/ed with a pain in his fide, which made it 
iinpofllblc for Mm to pcrlorm his ofiie’C. He was car- 
ried home and continued under his diforder till tlie r^ih 
of the fame month, when he died, in the 54lh year of 
his age, after long enjoying a vigorous Hate of health, 
having fcaice ever known fickncfs. 

I’liRC >ejrs aftei the doi5toi’s death, appc.ared the 
other J2 books of the Iliad, publlOied irf 4I0 by his fon, 
Mr. Samuel ClailvC, who fays in the preface, that ills 
father had fmilhed the annotations to the firll three of 
ihofc books, and as far as the 359ll> vcife of the 4th ; 
and had reviled ilie text and vcifion as far as verfe 510 
of the lame book. 

Hr. Claike married Catberinc, tlic only daughter of 
the R'jv. Mr. Lockwood, reftor of Little Miffmgham 
in the county of Norfolk, by whom he had (even chil- 
dieii, four of whom furvived him. 

Queen Caroline took ^^reat pleafurc m tbc dodpr’s 
convcifation and frieiidftnp, feldoin milling a week in 
which fhc did not receive fome pi oof of the gicatncfsof 
his genius, and the force of his uuderfianding* 

As to the eharadcr of Di^ CUrkc, ho is reprefented 
as poffefling one of the bell difpofitions in the wuijd, 
rcmaikably humane and tender, free and cafy in Lii 
convtjfation, cliecrfiiUnd even playful i« Ins nja^mcr. 
Bilhop Hare fays of him, He was a tmin, who had all 

the go(kd qiiajilies that could meet together tji) reconv 
mend him. He was poffvffed of all Uie parts^of Ifam- 
tliat arc valuable in a clergyman, iu a4^f<fc 
5 B a 
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few poffeft any ({nglc one. Hr has joined to a good^ 
(kill m the three learned ianguages^ a great compafa of 
the beft philofophy and'mathematics, as appears by his 
Latin works ; and his Englifh ones are fuch a 'proof of 
his o\vn piety, and of his knowledge in divinity, and 
have done fo much fervice to religion, as would make 
any other man, that was not under a fufpicion of here- 
fy, freure of the fn’endfliip of all good churchmen, ef- 
pcclalljr the clergy. And to all this piety and learning 
was joined, a temper happy beyond exprelfioiK; a fweet, 
cafy, model!, obliging behaviour adorned all his actions ; 
and neither paflion, vanity, infoknee, or ollentation 
appeared either in what he faid or wrote. This is tlie 
learning, this the temper of the man, wliofe ftudy of 
the Scriptures has betrayed him Into a fufpicion of fomc 
heretical opinions. Bilhop Hoadley too having remarked 
how great the do^or was in all branches of learning, 
adds, if in any one of thefe he had excelled only fomuch 
as he did in all, he would have been jullly entitled to the 
•harafter of a great man : but there is fomething fo 
very cxtraordinaiy, that the fame perfon fhould excel 
not only in thofc parts of knowledge which require the 
ftrongeft judgment, but in thefe which require the 
grcatell memory too. So that, in a very high degree, 
divinity and mathematics, experimental philofophy and 
clafTical learning, metaphyfics and critical fltill, were 
united in Dr. Clarke.— Much inore may be feen, faid 
in his praife by bifliop Hoadley, Dr. Sykes, and Mr. 
Wliifton, in their Memoiis of his life, 

CLEF, or Cliff, in Mu fie, a mark at the begin- 
ning of the lines of a fong, which ftiews the tone or 
key in which the piece is to begin. Or, it is a letter 
marked on any line, which explains and gives the name 
to all the relU 

Anciently, every line had a letter marked for a Clef ; 
but now a letter on one line fufficesj fince by this all 
the reft arc known ; reckoning up and down, in the 
order of the lettens. 

It is called the Clef, or key, becaufe that by it are 
known the names of all the-other lines and fpaces ; and 
confequcntly the quantity of every degree, or interval. 
But becaufe every note in the oftavc is called a key, 
though in another fenfe, this letter marked is called pe- 
culiarly tht Clef ; becaufe, being written on any 
line, it not only figns and marks that on^ but it alfo 
explains all the reft. By Clef, therefore, for diftinftion 
fake, is meant that letter, figned on a line, which ex- 
plains the reft ; and by key, the principal note of a 
long, in which the melody clofes. 

There arc three of thefe figned Clefs, c, /, The 
Clef of the higheft part in a fong, called trebTcy or afty 
is g, fet on the fccond line Counting upwards. The 
Clef of the bafs, or the lowed part, is / on the 4th 
line upward*. For all the* other mean parti, the Clef is 
^ r,' fometimes on one, fometimes on another line. In- 
^ed, foifnc that are really mean parts, are fotnctimei 
fet with theg clef. It muft however be obferved, that 
the ordinary fignatures of Clefs bear little refemhiance 
to thofc letters. Mr. Malcolm thinks itivould be well 
if the letters thcmfclvcs were ufed. Kepler takes great 
pnlnt to (hew, that the common ftgnttures are only cor- 


ruptions of the letters they reprefent. The figures of 
thefe now arc as follow ; 

Charaftcr of the treble Clef. 

The mean Clef, 

^ The baft aef. 

Tbe Clefs are always taken fifths to one another. So 
the Clef / being lowed, r is a fifth above it, and g a 
fifth above c. 

When the place of the Clef is changed, which is 
not frequent in the mean Clef, it is with a defign to 
make the fyftem compreh^fndas many notes of the fong 
as poflible, and fo to have the fewer notes above or be- 
low it. So that, if there be many lines above the Clef, 
and few below it, this purpofe is anfwered by placing 
the Clef in the firll or fecond line ; but if there Ix! 
many notes below the Clef, it is placed lower in the 
fyftem. In efte£!, according to the relation of the 
other notes to the Clef note, the particular fyftem is 
taken differently in the fcale, the Clef line making one 
in all the variety. 

But flill, in whatever line of the particular fyftem 
any Clef Is found, it muft be underftood to belong to 
the fame of the general fyftem, and to be the fame In- 
dividujJ note or found in the fcale. By this conftant 
relation of Clefs, we learn how to compare thefeveial 
particular fyftems of the feverai parts, and to know 
how they communicate in the fcale, that is, which 
lines are unifon, and which not : for it is not to be 
fuppofed, that eacli part has certain bounds, within 
whicli another muft never come. Some notes of the 
treble, for example, may be lower than fome of the 
mean parts, or even of the bafs. Therefore to put 
together into pne fyftem all the parts of a compofition 
written fcparately, the notes of each part muft be placed 
at the fame diftanccs above aiid below the proper Clef, 
as they ftand in the feparate fyftem : and becaufe all the 
notes that are confonant, or heard together, muft ftanJ 
diredly over each other, that the notes belonging to 
each part may be diftindly known, they may be made 
with fuch differences as lhall not confound, or alter their 
fignifications with refpe6l to time, but only (hew that 
they, belong to this or that part. Thus we (hall fee 
how the parts change and pafs through one another ; 
and which, in every note, is higheft, lowed, or unifon. 

It muft here be obferved, that for the performance 
of any fingle piece, the Clef only ferves for explaining 
the intervals in the lines and fpaces : fo that it need not 
be regarded what part of any greater fyftem k is ; but 
the firft note may be taken as high or low as wc 
plcafe. For as the proper ufe of the fcale is not to li- 
mit the abfolute degree of tone ; fo the proper ufe of 
\\ie figned Clef is not to limit the pitch, at which the 
firft note of any part is to be taken ; but to determine 
the tunepf the reft, withrefpeift to^the firft; and con- 
fidering all the paits together, to determine the tclation 
of their feverai notes by the r^ations of their Clefs in 
the fcale : thus, their pitch of tune being determined 
in a certain note of one part, the other notes of that 
part are determined* by the coaftaat relations of the 

letters 
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fetters of thefcale» and the notes of the other parts by 
the relations of their Clefs. 

In efFeft, for performing any Tingle part, the Gef 
note may be taken in an octave, that is, at any note of 
the fame name j provided we do not go too high, or too 
low, for finding the reft of the notes of a fong. Bat 
in a concert of feveral parts, all the CltTs miift be taken, 
not only in the relations, but alfo in the places of the 
fyftetn abovementioned j that every part may be com- 
prehended in it. 

The natural and artificial note exprefled by the Time 
letter, as c and ^-at, are both fet on the fame line or 
fpace. When there is no charader of flat or fliarp, at 
the beginning with the Clef, all the notes arcnatinal: 
and if in any particular place the artificial note be re- 
quired, it iR denoted by the fign of a flat or fliarp, fet 
on the line a fpace before that note. 

If a fliarp or flat be fet at the beginning in any line 
or fpace with the Clef, all the notes on that line or 
fpace are artificial ones; that is, are to be taken a fe- 
initone In’ghcr or lower than they would he wn'thout 
fuch lign. And the fame atfeds all tlicir odaves above 
and below, though they be not marked fo. In the 
coiirfc of the fong, if the natural note be fomelimes 
required, it is fignified by the charader 

COMPASS. Pa. 314, col. i, after I. 6 from the 
bottom, add, See alfo a new one iu the Supplement to 
CavalkTs Treatifc on Magnctifm. 

CONDORCET (John-Anthony Nicholas dg 
Caritat, Marquis of\ member of the Inflitute of 
Bologna, of the Academies of Turin, Berlin, Stock- 
holm, Upfal, Philadelphia, Peterfbourg, Padua, &c, 
tnd fecrctary of the Paris Acatkmy of Sciences, w'as 
born at Ribemont in Picardie, the 17th of September 
1743. His early attachment to the fcicnccs, and pro- 
grefs in them, foon rendered him a confpicuous charac- 
ter in the commonwealth of letters. He was received 
as a member of the Academy of Sciences at 25 years of 
age, namely, in March 1769, as Adjnnd-Mccanician ; 
afterwards, he became AfTociate in iy/0, Adjund- 
Secretary in 1773, and foie Secretary foon after, which 
he enjoyed till his. death, or till the diflblution of the 
Academy by the Convention. 

Condorcet foon became an author, and that in the 
tnoft fublime branches of fcience. He publifhed his 
^Jfais ^Analyje in feveral parts \ the firft part in 1765 
(at 22 years of age) ; the fccond, in 1767 ; and the 
third, in 1768. Thefe works are chiefly on the Inte- 
gral Calculus, or the finding of Fluents, and make 
one volume in 4to. 

He publifhed the Eloges of the Academitians or 
'Members of the Academy of Sciences, from the year 
1666 till 1 700, in feveral volumes. He wrote alfo fimi- 
lar Eloges of the Academicians who died during the 
^inic that be difeharged the important office of S^eerc- 
tary the Academy ; as well as the very ufcful hilio- 
fies of t^e dififerent branches of fcience commonly pre- 
fixed to the volumes of Memoirs, till the volume for 
^*ie ,year 1783, when it is to be lamented that fo 
tifeful a part of the plan of the Academy was dit- 

cootinued. 


His other memoirs contained in the volume! of the 
Academy, arc the following. 

1. Praifl on the Integral Calculus ; 1765, 

2. On the problcnvof 'Three Bodies; 1767. 

3* Ohfervations on the Intcgial Calculus ; 1 767. 

4. On the Nitiirc of Infinite Scries; on the Extint 
of the Sohuiuns which they give ; and on a new 
method of Approximation for Diflercniial Equations of 
all Orders; 1769. 

5 * On Equations for Finite DIfleienccs ; 1770. 

6. On FqnatiDiis for Partial Dilfcrences j 1770. 

7 - Oij DilTcicntial Equations ; 1770. 

8. Additions to the foregrring Tra^K ; I 770# 

9. On the Diteriniiiatioii of Aihitiaiy Fiin< 51 ions 
whicli enter the InUgials of Equations to Partial Dif. 
fereiiccs ; 1771. 

10. Rtl](.xion.s on the Methods of Approximation 
hitherto hnown for Differential Eqnallons ; 177 i. 

11. 'Phcoiein cornet ning Quadratures ; 1771. 

12. liupnry conctt ning tlie integral Calcrihis ; 1772, 

13. On the Calculation of Ptohabilities, part 1 and2; 

1781. 

14. Continuation of the fame, part 3 ; 1782. 

15. Ditto, part 4 ; 1783, 

16. Ditto, part 5 ; 1784. 

Condorcet had the chai ai^cr of being a very worthy 
honeft man, and a rcfpe6\ablc autlior, though perhaps 
not a firll-rate one, anil produced an excellent fet of 
Eloges of the deceafed Acadcmiciarri, during the time 
of his fecretaryfliip. A late Frcncli political writer 
has obferved of him, that he laboured to fucceed^to tire 
literary throne of d'Alcmbeft, but that he cannot be 
ranked among ilhiftrious authors ; tlut his w'orka have 
neither animation nor depth, and that his ftylc is dull 
and dry ; that fome bold attacks on religion and de- 
clamations againfl defpotifm have chiefly given a degree 
of fame to his writings. 

On the breaking out of the troubles in France, 
Condorcet took a decided part on the fide of the people, 
and ftcadily maintained the caufc he had eiponfed amid 
all the fliocks and ttjlr ilmics of contending parties ; till, 
under the tyranny of Robefpierre, he wjs driven frgm 
the convention, bfingone of thofe meinbeis prufciibed 
on the 31ft of May 1793, and he di<*d ahont Apnl 
1794. The manner ol fils deaih is ifins defer ihed by 
the public prints of that time. He wab obliged to con- 
ceal himfclf with the greateft care fur the purpofe of 
avoiding the fate of Biiffot and the olhei deputies who 
where executed. He did not, however, attempt to quit 
Paris, but concealed himfclf in the hoiife of a female, 
who, though fhe knew him cuily by name, did not 
hefitale to rifk her owm life for the purpofe of prtferving 
that of Condorcet. In her houfe he remained till the 
monthof April i794,whcuit was rumoured that a domi- 
ciliary vifit was to be madts whitli obliged him to 
leave Paris. Although he had neither pafTpurt nor 
civic card, he efcaped through the Barrier, and arrived 
at the Plain of Mont rouge, where he expefted to find 
an afylum in the couiitry-houfc of an intimate friend. 
Unfortunately this friend had fet out for Paris, where 
he was to remain for three days.— During all this period, 
Condoicet wandered about the fields andih the woods, 

not 
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«dt to enter an iiin 011 account of not having a 

civic cu i. Half dead with hunger, fatigue, and. fear, 
ii'id icarcdy able to waUt on account of a wound in his 
foot, he padedthe night under a tree. 

At lci»gth his friend returned, and received him with 
great cordi'ilify ; but as it was deemed imprudent that 
he fliould enter the houfe in the day-time, lie returned 
to the woods till night. In this fhort interval between 
morning and niglit his caution forfook him, and he 
lefolvtd to go to an inn for the purpofe of procur-tng 
food He went to an inn at Clarnars, and (irdercd an 
omlelte. His torn clothes, his dirty cap, hia meagre 
and J)alc countenance, and the greedinefs with which 
he devoured the omlctte, fixed the attention of the 
perfons in the inn, among whom waa a member of the 
Kevolntionary Committee of Clarnars. This man con- 
ceiving him to be Condorcct, who had clFc^ied his 
cfcapc from the Bicetre, aileed him wdience he came, 
whither he was going, and whether he had a palTport ? 
Theconfufed manner in w-hich lie Te*pHed tothele quef- 
tious, induced the member to order him tube conveyed 
before the Committee, w'ho, after an examination, lent 
him to the diftrift of Bourv la Reine. He was theie 
interrogated again, and the iinfatisfitAory anfwrers 
which he gave, determined the diredfors of the dillridl 
to fend him to prifon on the fucceeding day.— During 


the night he waa confined in a kind of dungeon. On 
the next morninfe, when hU keeper entered with fome 
bread and water foq him, he found him flretchedon the 
gioiind without any figns of life. 

On infpeding the body, the immediate’ caufe of his 
death could not be difeovered, but it was conjedured 
that ‘he had polfoned himfelf. Condorcet indeed always 
cairicd a dole ofpoifon in his pocket, and he faid to 
the friend who was to have received him into hisiioufe, 
that he had been often tempted to make ufe of it, but 
that the idea of a wife and daughter, whom he loved 
tenderly, reftrained him. During the time that he 
WAS concealed at Paris, he wu'ote a hiftory of the Pro- 
grefs of the Human Mind, in two volumes./ 

CUBICS. The method of refolving all the cafes 
of Cubic equations by the tables of fines, tangents and 
fccants, are thus given by Dr, Mafltelyne, p. 57, Tay- 
lor’s Logarithms. 

The following method is adapted to a Cubiq equa- 
tion, wanting the fecond term ; therefore, if the equa- 
tion has the fccond term, it mull be firll taken away 
ill the ufual manner. There are four forms of Cubic 
equations wanting the fecond term, whofe roots, ac- 
cording to known rules equivalent to Cardan’s, :\\i' 
as follow : 


ill. a'* + — 7 r: 0 

2d, -f /A’ -f / = o 
3d, — g =3 0 

4th. x 3 px + q = o 



-/■ 


1 + Jt+E 

2 4 27 


/■' 


+ Jj + , 

2 4 27 


jyi 




The roots of the firft and fecond forms arc negatives 
of each other; and.thofe of the third and fourth are 
alfo negatives of each other. The firil and fccond 
forms have only one root each. The third and fourth 
forms have alfo only one rooteaqh, when the quadratic 

furd' j 2— — ^ is poflible ; but have three roots 

each when that furd is impofllble. 

The roots of all the four forms may, in all cafes, be 
eafily computed as follows ; 


"^1 

elfe its reciprocal x -^1 = cof. x. Then, 


< unity. Put \/ tan. 45° — 


z p 

Cafe ijl. - X ~ 

= tan. f/. Then = ± v' j X cofec. 2«; where 

the upper fign belongs to the third form, andthel6wcr 
fign to the foul th form. 


A ..V J, . -O - - - 

fily computed as follows ; 

Ti i Cafe 2d, ^ > unity. Then a- has three values 

F«rnis \Jt and 2d* Put — X — r: tang, k; and y 3 ' 

. » /I . 


\/ tan. 41 * — J» = tan. u. Then *’ = ± V^~ X 
t 5 

cot. lufvihcrt the upper fign belongs to the firfi form, 
and the lower fign to the fecond form. 


AP f ^ ./li 
in each form, viz, .r = ± y'— X cof. -- — -i- v 
3 3 

3 I i ^ 


j j the upper figns belong to the third form, and the 

Fnrmr %d and 4//^. But — X H if Icfs than unity, fjgiw to the fourth forxiu ’ 

^ 3 ^ Bj 
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log.tan.45“_^5 + JO . 

« ^ — = log. tan. w. 


Cq/e ijl. 


Log. tan. 45® — hz ■+■ 20 


= log. tan* u. 


Then log. .** = 4 ~ — h lO — log. /in. aw; and 

A’ will be affirmative in the .third form, and negative in 
the 4th fol-ni* 

Cafe 2d. Hcr.e x has three values. 

ill. Lo^. ± Jc r= ^log. ^ 4- log. cof. i , 10. 

2d. Log. zfzx 22 : 1 log, ^ 4 * log. cof. 60® — — , 

3d. Log. 4:*?'= !Iog. ^ + log.cor. 6o®-f- j. 10; 

where the upper figns belong to the third form, and 
the lower ifigns to the fouitnfomi; that is, the liilt 
value of .r in the third form ia pofitive, and its iVcond 
and third values negative ; and the firll value of x in 
the fourth form is negative,' and its fecoiid and third 
values affirmative." • 

See alfo Irreducjble Ca/e, 

CURV E. Pa. 350, col. 2, 1.35, for dx + v* r. 
dx 


Jig. 3 ; and tWe marked ifi, 17, *c, near the kev. 
ftones. may l>e mlarKod as at I'ig. 4. ■ 

MANir?^’ bottom, /w Dr. 

man ICS JDynamic?. 


Then k>g. X log. 4 . log. cot. 2 « lo ; and a- 

wfll be ajffirmative in the firil form, and negative in the 
Iccond form. ' ^ 

Forms and ^h, ^ X log. -j + lo — log. be- 

ing lefs than lo (which is cafe fir ft) or log. -f lo — 

X being lefs than lo (which is cafe 2d) = 

log. cof. 2. 


living Oreck mathematician, 

' „ ■" Ihalcllmc aSoi.t the )ear of Chrill 

n,',?' • ^ 'b' '""'I confid.ral.Ic malhe- 

amln-rih ‘r ofthc fclvncc. 

amou,, the Greeks, an.l had for Ins pieceptor Kidorus 
the piineipal archiue'd of the chiireli of St. Simhla at 
Loiillaminopic. Me ts chlelly known hoivevcr by hia 
commem-jnes on the woik, ofthc two ancient autLrs, 
Archintclcs aniT Apollonins. Thofe two comments lea 
arc both exce lent compofitlons, to which we owe many 
ulchd ciicnmlLinccs in the hidory ofthc mathematics. 

His commentaries on Apqllonliis are piiblinied In 
H..llcy s edition oftlic woiks oftbat author ; and thofe 
on Aidimicdes, firft in the Bade edition, in Greek and 
Lnitiii, in 1543, and fiiice in fomc others, as the late 
Uxtord edition. OF tluTc coinmrnt.ir ics, tliofe rnnk 
the highclc, wlkich illuftratc Aichimedes’s vsork on the 
oplierc and Cylinder ; in one of which wc haVc a recital 
ot the vanoua rnethods pra^\ifcd by the ancients irt t)ic 
foiution^ the Delian problem, or that of doubling the 
cube. 1 he others aie of lefs value ; though it cannot 
but be regretted that Eutociiis did not purlue his plan 
of commenting on all tiic woiks of Archimedes, will) 
the lame attention and diligence which he employed 
ill his remarks on the fpherj and cylindtr. 

Pa. 507, line 5 from the bottom, for X ^ reid 

3 + V . T 

Pa. 5^1, line 22 front the bottom, fer nad 

Cj. 

GROIN, with Builders, is the angle made by tlic 
intcil’tdion of two arches, Jt is of two kinds, reguUr 
and irregular; viz, Regular when both the arches ha /r 
the fame diameter, but an liregular Onn'n when one 
aicli is a rcnncirclc and the oilier a femiclliplis. Groimi 
.arc chiefly ufed in forming arched roofs, where one 
hollow niched vault inteifcds with another; as in the 
roofs of moft churches, and foinc cellars, in large houfes. 


dipping ' iVW/e. 

add^ See a new Dipping-needle by Dr, Lorimer, in the 
Philof. Tranf, 1 yj g, alio in the Supplement to CumJIo^s 
T reatife on Magnctifm, 

DOME.- In plate 33 is reprefented the p’nn and 
elevation of a Dome conftruded without centring, by 
Mr. S, Bunce ; viz, Fig. i the plan, and Fig. 2 the 
elevation. The firft courfc confifts of the ftones marked 
I, &c, of different Hzes, the large onc.i cxadly 
twice the height of the fmall oiics^ placed altcrnaudy, 
and forming intervals to receive the ftones marked 2, 2, 2. 
1 he other couffes are continued in the fame manner, 
according to the order of the figures to the top. 

It is evident, from the converging or wedgehke form 
of the intervali, that the ftones tlicy receive can on^ 
be infertedTrom the outfide, aikl cannot fall through; 
tl^rcforc., the whole l!)omc may be built w ithout ccn- 
triug qi* temporary fupport. To break the upnght 
Joints, the ftonea may be cut of the form marked m 


1. 

IMPO.SSI BLF. 7?/V/-9w/<si/. See Bi.'.omta r . 

IRREDUCIliLE Cafe, in AlgcbrA. Mr. Bonny- 
caftle has communicated the following additional obfer-. 
vaiions on this cafe, and, an improved foliitiou by a 
table of fines. The 

Ikkeduci CLB Cafe^ in AJ^thra^ is a cubic equation of 
thcfoim x^^ax = ± having df^d^icnttrih^n 
or 4a^gieatcr than 27^* ; in which cafe, it is well 
known, that the foliition cannot be generally obtained, 
citlier by Cardan'i rule, or any other whiej^ has yet 
been devifed. X 

One of the moft convenient methods of determinirrg 
the roots of equations of this kind, is by mean* of a 
Table of Nairn al Sines, &c, for which purpofe the 
following foimulac will be found extremely commo- 
dious, the arc, in each cafe, being always lefs than a 
quadrant, and therefore attended with no ambiguity. 



I R JR ’ f . ""'•L O G 

arc whofccof. ii — -v/- to rad. i, then %ht three ^ ^ ^ ^ 

^ ^ Broi!LfhtA|a{Sej|jiatbn5' ita^ppeart 

roou# or vidnei of ;ir, will be as follows? ' . % * ^ Je. *• ’* v '« 

.. - ' . A *. , . ■- hV.*h6t<ot^s|.A^K*^,th.,yTo|i- 

' X sz 2 -v/- X cofine*— ■ • /* * * . , V • A " » * ^ ( ,*‘^€ 

^ d • \ ‘ I v3 


,« . qo»+A ‘ ... .sjiA^-XjfsiV-V^M. Jarewh^tbf.w^v-, 

XSS -»^- xfine^— • , .. 3. ' . .■ '3. .'^ V. ^ 

or, if A. be piif F •a\c’>jrbofeeof./J.2- ^4-, ,v is 


S 


And, if the equation be a^— j;c = — let A ^ ; ** • \ • 

|)ut = VC wbofe fine i» to rad,i.} |hen tlje ? j'j jj,g- ^.gf whicK'_|^vr^tnhecofir.s, i'sMtIicr 

three roots, or valdei of sr, <Vill bcasfoilpwS?!!^ " *: ' ^ ^ '* ^ 

'a ^ ; A,^*A + 36oOor A + ^20® ; wtehcc xcof.- 

. A+360® * A^72 o° 

_ 6 - — ^,or2^- xcof. — . / .» ■■ ; 

* J ' 3 - I \ ' . 3 

■^ntf twoja^ter oT which beinij conVerted into fines, will 


A- =» X fine — 

3 3 . , 

., ooo+A* .'■./, . ' >or.zv'-Xcof. 

• K = 2v'-xcof. . . , c 

< 3 ’ 3 ^ ^ 

^ * ' qooJ|-A . - ihc'fainc fbrn^K al' in thc*ruld. 

/’ «? = .-; X cof. 


. ^ ^ ^ s * 1 In like mannef. if ibc the;;fine of any arc to rad. i, 

,*' ■.* 4i* is W'ell known to be tl^e fine of-^j times thut 

Ejcfl. .li>ct jaf 'Z: to find tic 3 of the ^ arc.; and confeauently x is the fine of 4 of the are whofe 
equation. ^ ^ ** * *v 3 "^ r" Wbiencc, to reduce the equatiou 

;Here cof* 6o* = “ ^Hto'thisform, I,W =?-,, v before; 

o*= 1-87^385^ S S'* >< 1= - ^. ‘7’ 

or — 44^* — 43** ';i where, if 


44 a 


f 


6o* 


«=: 2cqf.— =± 2cof.4o’ 


1 


Hence^ x —2 fine ^ -~ *^2fine£0 sa — i 53 208^8 w^fhalUlave * and 

x==-2fine -^== --.4fincic^i=?-/;^ fequehtly' 3^;-- 4^^ ' 

Ex. zd. Let — 3Ar r: — J, to find t|je 3 roots of From which lad* cduatlon it a^bpears that y = 
the equation, ' * ' - - . . 


line 


Here 


uauon, ' * , I > .*2A ‘''2 X * ■ • , 

lb I 2 » t ■' •■ ' farrwboftCneis^ — V"^!' ■I'dtheryift'ew = -= j^/- >: 

7„v/-=|-V-=:-=‘S-fi>''3«‘’ = A,. ' . . ,'^? " 3 

(fine {./rrwhofefme ie^ ^/-),wnichitthefameasthe 

V /,*r* • ' , 2a < , ‘ 


Hence 


3 

30° ' . 

vvss: 2 fine— ^=: 2'fine 1 ( 3 ^ •3472964 . r 

■ 3 » • r*ulc, th^ Qtbeir two ,rooU b^mg foOnp as in the fur- 

-120® V mefjwfc. I 

a;= 2cof. =2cof.40® =:• 2*5320888 . \ 

.r = ~2cof. •^=t-2cof."2o®=J-rB793852 ' EOCK, lor Canals, ih . Inland ’^Navigations. S(.c 
I* . .3 . , ‘ CAlJAt** ^ ^ ■ .' , 

The iavemgation of'ibis method fia. fallow.; LOGARITHMS- Mvl BonnycaTUe hv coramu' 

if ;V".i ^"r ‘i'® yngoDometry,- that • ,he Mowing new method-<ir ipaking tlafc uf - 

the conae ot 3 times.tbt arc ; and, confequently r is Logarit«mv The feries ndW chiefly nfed in tl.e 
. thecoOiieof J of the ,rc whofe cohnc.e 4rz.T3c, or complifation ot Logarithms were ojiginally drr,v*<l 
any othv equal quvtuy. V* . .. from the hfperWa, V'W of .whllh. and tlu' 'o- 

^ ider, thifrefore, ,to reduce the equation gifti. cufrp,- 'the nVnre and properties of theie numbtrs 

= i to this form, let* = then .. are cJwrly and elegantly explained. ' ' . 

. . , s ' . The dodtrine, however, hcuig pxreiy anthmcticni, 

j(« ' • y 1* ‘ this mode of dempnfiratiuK iy^y the Infcrventun 

ory® — 4Jt*y :±iMVor 4^^— 44^^y= certain curves, was conpdereo,\lw JDr. Halley, nut 

.. , ‘ conformable to.the nature of the l 3 b)cdt^ . 

4#»»} whence if 44^* be put sifc $9 we Ihall have^^ ■ . . He 



r gated the fame fule, 

from the abljraft principles of numbers; but his nu- 
thed, which IS a kind of difguifed fluxions, is, l„ „■ .y 
places, fo extremely abllmlc and obfenre, that uw 
have been able to comprclicnd In‘s reafonlnir. 

An eafy and peffpiVimus dcmon|hat',on, of this 
kind, was therefore dill wanting; uhiJ, n^u he oh' 
tamed from the pure piinciplos of Algch.a, mrUoui, 
dently of the doarine of Curves, as follow^ : 

The Logarithm of any number, is the index of i!, at 

power of iome other number, which is equal to ti,e 
given number. 

Thus, if r* = a, the logarithm of a is .v, ^ihi.di n -.v 
be either politive or negative, and r any mirnlvr vnImi- 
ever, according to the <lifierent fj Items of LtM-a- 
rithnis. 

When tj = I, it is plain that a- mult he — o, wh u- 
ever be the value of r ; and conreqnently the Logarithm 
of I IS always o in every fylicin. 

If .r = I, it is alfo plain that a nuift be = r ; and 
therefore r is always the iiuml)er in every fydem, whofe 
Logarithm in that fyllem is i. 

To find the Logarithm of any number, in any fyf. 
tem, it is only neceuary, from the equation zz a, to 
find the value of .v in terms of r and a. 

This may be ftri^lly ede<'iled, by means of a new 
property of the binomial theorem of Newton; which i» 
given under its proper article in this Appendix. The 
general Logarithmic equation being r* = <i, let 
-e a 

a I 4-^, and - =r 2 j then r = <2 ^ 1 ^ 

+ -7 -7 V,;-,.- 

^3 234 2.3.4'^ 234 


2.3.4.S 2^3 

t»w/ T heorem, Appendix 

And if^ — ^ - 

23 

diall have 


4 * — — — ^ (Scc)'2 ,&:c. See 
3 4 


P* 

p i.. ge put j, wc 

4 5 


I 4-/2 + ^x*a*4-~^jJ234 ^ ~r, 

2.3 -2*5-4 2.34.5 

or sz — L^j32;3-j — * — j^ 2;'*4’ — ^ »-i, 

2.3 2.3.4 ^.].4-5 

^'^hich let be put = y; then, by reverting the feiies 
^ or — will be found 

X 

The Logarithm of j, or J 4- pt i* thcitfore 
= or, fiiice;^ = . - 

and 7 = r — I, the Logarithm of a is 

VoL. IL 


Wl 

'ni.nbcr!’ 1 '' 

<;.-nfl....tiM: "hv , i,',!’;;,';;. 

1 i;<sr~ to fojlU' riiteullt r- irli >. I ’ 

ih. rn.ii 

iSyihcUU'i ,>( tl„lc rh. , 

lu; made to v.mlll,, I,,. Ilu v,im.‘ !!rill'"|,'',' 

ot ivl.icb 11 eonlilP. ,, e;„J, 


'^|"<.irnMi inn 
^ p.iitK'ir 

' ili! • o{ It, 
lunii.; ; tliu V. !h 
• iii'i imin iIk-ii 


'* 'Ik. ‘h'lioiiiin 11 01 .11 

! Ik V lino of th ; j, , 

b calc', ilic 1 ,f> i.u ill 


of I 4 - y, becomes p 

the Cogaiithmof 

(o- 1) 1 )’ " 

and by uveilion off 


, h - \c, 

" 3 4 5 



cc 10, the \j1iii' 
o( therenesy-.-*- f ' yS &c, onts eqnjl 

+ iC-O^-K'-.r+Kr-o'io 

will become ^ 2*3'^2 ^ Hyoy , and the 
l.og.ofH-/'-;~~--x(^.:J/,' I !/.3.ip<+;y,s&c) 
01 the Log. of j 

&c, which gives the fyllem that furnidies Biig^s^ «h- 
t!ic common Logaiithms, 

And, in like manner, by aflinriing any partieular va- 
lue for r, and thenee deteiniiuing the value of the (cues 
7 ' 2?'+ J ' 7 ^ ’ts equal 

(r- l )-4 (r - l)H- i (r O’-U''- 0 ’ '•‘^c ; 

or b) atiuming the fame feries of fomc jiaitinil.ir va* 
luc, and thciu'c dctc riiiinmg the value of e, any ryflciu 
of Log.nilhms may be ileiivcd. 

I'hc (cries y -^y^ 4* \7^-\7^ 4- \ 7^ 3ce, or its equal 

(r-i) io-i)* 4 -;(^- 0 ^-{('* + i (^-05 &c. 

which forms the denominator of the above compound 
expreflion, exhibiting tlie Loganthin i of numbers ac- 
cording to any fylleiii, is vilmt was hrll called, by 
Cotes, the Modulus of the fyllem, bcinijs always a 
conllarit quantity, depending only on tlicVafrurncd 
value of r. * 

And, as the form of this ferics is exaflly the fune 
as that which conllituic:> the mimciator, an<i w'hlcH liaa 
been fhewn to be the hy jK'ibolic Logarithm of n-, it fol- 
lows that the Moduluh.ot any fyllem of Logarithms ii 
equal to the hyperbolic Logarithm of the radix of that 
5 C iyllem» 


LOG 
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LOG 


or of tl)e number whofe proper Logarithm ia will be ^ d + &c, or tht 

the fyftcm to which it belongs is i. hyperbolic Logarithm of ^ 

The form of the feries here obtained for the hyper- //j-n /a-i\ 

bolic Loeaiithm o^ a, is the fame as that which was = &c ; 

firft difeovered by Mercator ; and if the feries of Wallis -n t r j 

be required, it may be invclligated in a fimilar manner and r, by reverfion of fenes will be found = 2.7182818, 
as follows ; before. And if, on the contrary, the radix r be ab 

The general Logarithmic equation being r* = a, fumed = 10, the value of the feries 

J , g iq^ + ]q^ or its equal 

as before, let = and « = — ithcnr=;^‘ — r-i i L . t I ^ ^ 

- r + n — >+ il - 7 r >' 

will become = 2. 302 5 8 509, as before; and the common 

ri 7 t===r^'^» r-^ + 4 ^ Logmithm of 

&c) I -._7r 




'•/) 2.302 5 8 50t; 

or the common Logarithm of <7 =r 


I 


N -5 


'+.1 


2.50^5^509 




5 &c. 


-ja-l-ii* 


put = 5^ ; 
ries, z or will be found 


fl-i , /j-n 

*cc. , , , , "-T + nTj 

jU>±^ + -- + ^ q- ^ &cbcput J, VC Or the latter formula, for the Logarithm of — , or 

A .. . ^ 4 4 ^ it.b equal if, may be more concifcly dciivcd from the lirll, 

r' as follows: 

I The Logarithm of t + has been fhewn to be = 

‘ 2.3 2.3.4 . r < — \ ~ 7 ' i \ — i rT 7 ' , ^ ,andif-/befubaitutcd 

1 T r r 0— i ? + 3 7 ^ “*4 7 + i &c 

)€ put = y ; then, by converUon of fe- ? ^ ^ r 4 1 5 i 

in the place of + 7^, tlic logarithm of i — will become 

^ whence the Lo- 

_ g + !?• + 1?^ + ;?«+ ;?» ? - » 7 + i ? - 4 ? + 5 ? 

•' ^+1/* garitlim of = Log. l — Log. (i —f) = o — 

^ 4. A At J- * A3 J- ^ See I — / 

and confequentljr * = — j7}-,-T^ j ^ ] nVqTi o'lcc’ />+^/ + 1/1^4/’'*+ y 

j V j-tf +35’-17 ‘‘+t 7 *&c y-i?*+j7^-^i*+s7‘^'-^ 

The Logarithm of a or is, therefore, . ./S-iNj , ./‘'•M, , 

• l-p +if ) +if— j +\{--) 

where the denominator is the fame as in the firfl formula, 
q being here rr r — i. 

If the denominator, in cither of thefe general formula, 
be put = nif the Logarithm of i + / will be de- 


^ ^ — j JL ZLi 

^..1— ^_any~i , 


the Logarithm of a is =;; 


^+:| 
fi ' 

[v) 

i*+H 


^ ^ ) 


:v)‘ -- 

* 1 
~+‘l 


|*+ 5 l 


//•-iN 
1 r > 

)*+}i 

(v)- - 


Logarithm of a by 


'Which is another general cxprclhon for the Logarithm i 

of any number tf, in any fyftcm of Logarithms, that And the Logarithm of *“ will be denoted by 

may be fimplificd in the fame manner as the former, ^ 

the denominator being ftlll equal to the hyperbolic Lo- JL x (p + + i + i + I 

garithm of the radix r ; Kir, which is the fame thing, to w 

the Modulus of the fyftcm. or the Logarithm of a by 

For f the feries j + 4 9 * + i ?’ + 1 7 ^ + i 1 ^ .fl* . , f^V A.j.t'lLDUif— -h'^- 
or its equal a' a' a ^ a ' 

1 I I t/'*’ *\4 r C fince the fum of the Logarithms of any two 

r \ r ) r/^^\ r / numbers is equal to the Logarithm of their produa, 

b« aifumed = i, the hyperbolic Logarithm of Logarithm of will become ^ 
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= - X + + + fA***)' 

or the Logan thnfi of j 

- +U‘T'J +n-T-] 

which is a third general fomiula, that converges fader 
than either of the former. 

The Logarithm of any number may, therefo.e be 1(7 + ^-1 4 /&c) V-.-i VyMs/icV.H 

iini vpi*1ai i\r nr npmrii intr 1 n nti’rr fxiil^ivk r\i '* 


Letr=ef+ 7 ,then,«--r 7 TJ'x_,^.,y.i^,^.^,.j^,^.^,^, 
+ i (.1 i/+ jy’iy’&c) V + + 

+ 'j ' + s?’ - ; i*^cy**!ic = a j ot it> be put 

— ~,\ve lhallhavc t-y ' = i- (7 + !y* + + b/&.\ ) , + 


exhibited univerfally, or acconling to any fyllein of Lo • 
garithm#, in the three following forms ; 


2-3 

~i~, + i ?’+ J ?^ + 1 7* Stc)’,!* &c =: 


Log.(i+/>) = -X:/.-|/- + i/J-i^+J/s&c, • r A"*! 7 - 1 ?:+ xV’-Wi-Sfo M ibe 
m sr r ir firlt cafe, or its equal y + ^ y + inthclai- 

. j ' ter cafe, by m, thcle exprcHions will become 

Log. + + + I . I . 

fn 1 -I- m v + 4- »n + 5 cc rc= <7 • 

1 j. A 2 ^'3 2.^.4 

Log. P+lp^'V iP+^;;P^+lp 9 ^C, , till * J,. ^ 44« ‘ 

° I’-^p m * •* >'< , and I — /7LV + Jm'.v — 

Or ‘ 

Log.fl=:i-x:(^-i)-l(^2-i)^+ I 
m 

Log.<, = _x:— + ii— j +i(-j +i(-; 

, + H— i +f(-,7J +t( 7 T 7 >'^^- 

And if a-^-h he put c=r j*, and au^b—d^ thefe general 
formulx may be cafily converted into the following : 

. a \ (I d^ d^ J 4 

Log. ^=- X 

^ b in a 







yd 4 id 

a 2 d d^ d^ d^ 

Log. x:— d : + “n+r'7'b 


9^9 


&:c. 


From which lad expreflions, if d or its equal av:.lf 
he put = 1, we (hall have, by proper fubllltution, and 
the nature of Logarithms ; 

Log, <,=Log. (^-I) +-^ X 

I'OS-«=Log.(<r.i)+^x:j--^-^^.rj^,-^^^ 

Log.a= Log.l-r-* ) +i>‘=7J7+^3+5(7Tr''' 

And from the addition and fulitracflion 
lies, feveral others may be derived ; but in tiie actua 
computation of Logarithms they will be found to nol- 
fefs little or no advantage above thofe here guen. ^ ^ »e 
fame general formula maybe derived fiom the original 

Logarithmic equation r* = hi a different way^ 


and fold by W. and S. Jones, opticians. No. 133, 
Holboin, London. See fig. 4, ph 33. 

“ 'J'liis MIcrofeope is adapted to the viewing of all 
forts of objefts, whether tran/parent, or opake ; aiidfor 
infc-^lSy Jlo'u^ersf animalcules, and the infinite vaiiety of 
the mf/iutiic of Nature and Art, will be found the moll 
complete and portable for the price, of any hitherto 
contrived. 

Place the fqnarc pillar of the Microfeope in the fquarc 
focket at the foot 1), and fallen it by the pin, as rtiewn 
in the figure. Place alfo in the foot, the rc/ledling 
mirror C. There arc three Knfes at the top flicwri ai 
A, which ferve to magnify the objcils. liy uhng thefe 
leiifes fcparatcly or combined, you make fevon dill’erent 
powers. When tranfparcnt ohjeiHs, fiich ns arc in the 
ivory fliJers, nuinbci 4, aie to he vicw'cd, you place 
the Aiders over llic fpiiug, «it the nndcrfide of the ilagc 
13 ; tlien looking tlirough tlu Ici.b or magnifier, at A, 
at the fame lime reAca up the light, by moving the 
mirroiir C below, and move gently upward^s or down- 
wards as may be neceffary, the Ilagc P, ujion its fquarc 
pillar, till you fee the ohje6\ illuminated and diflinitly 
magnified ; and in this manner for the other olijeas. 

F<)r animalcules, ^011 unfeiew the brals box that is 
fitted at the llage 13 , containing two glades, and leave 
the undermoll gUfs upon the Ilagc, to receive the fluids. 
If you wiAi to view theicon afiy moving infedt, See, it 
may be confined by ferewing on the rover : tbe two 

piaffes, the concave is bell for fluids. Should tW objedfs 
be'opake, fuch as feeds, ^.c ; they arc to bc» placed 
upon the black and wliite ivoiy round p^iecc, number 3, 


which is fitted alfo to llie A age 13 . 


If the obiedls are 

■WIULIl 13 HI.VVM - .y j 

of a daik colour, you place them contraffedly on the 
«hitc r.,k of Uk' .-.o,)'. If .lay are of a or a 

li.rlit colo'ir, upon the blatktii'.d fide, borne objefl* 

c C 2 
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will be more conycnwjntly viewed* by fticking them on 
the point 6f number 2 ; or between the nippers at the 
otlier end, which open by prefiing the two little brafs 
pins. This apparatus is alfo futed to a fmall hole in the 
Itage, made to receive the fupport of the wlre- 

The brafs forceps, number r, ferve to take up any 
fmall object by, in order to place them on the ttage for 
view, 'i’hc inllrumcnt may be readily converted into 
an hand Microfeope, to vievv objttfs againfl: the common 
light ; and which, for fome trauiparent ones, is better 
fo. It Is done by only taking out the pillar from its 
foot In D, turning it half round, and fixing it in again ; 
the foot then becomes a ufeful handle, ana the refltdor 
C is laid alide. 

The whole apparatus packs Into a filh-fkln cafe, 4J 
inches long, 2 J inches bri»ad, and if inches deep. 

Fur perfons moie curious and iilce in thefe fort of 
iiiilruments, there is contrived a ufeful adjuding knew 
to the ftage, repreknted at e. It is fiift moved up and 
down like thcotlur, to the focus nearly, and made fall 
by the fmall ferew. The utmoft diiliiktncfs of the ob- 
, .:^l^i6.thcn obtained, by gently turning the long fine 
iape iime you, arc looking 

.o u gh 

B||mI 89Q an 4n(f aeon- 

diver fpeculu^,^Mri^ at A, 

^■ch will ierve for viewing opake 

Pjlfetfls, in the 

ment as compreh^itfye 4 in<^rti^ulilft<^llul^^ aa thc%^ 
formerly fold under the name of IFilfon^s MtcrofcopeJ** 
MODULUS, and MODULAR Ratio. See p. 49 
at’ the bottom. 

N. 

NUTATION, in Aflvonorny, a kind of libratory 
motion of the earth’s axis ; by which its inclination to 
(be plane of the cclmtic is coutiuually varying, by a 
c-CJtain number of fecunds, backwaids and fu^waids. 
'I’hc whole extent of this change in the inclination of 
the earth’s axis, or, wliicli is the fame thing, in the 
apparent declination of the (Ims, is about 19", and the 
period of that cliangc is little more than 9 years, or the 
Ipace of time from its fetting out from any point and' 
returning to (lie fame point again, about l8 years and 
7 months, being the fame ns the period of the moon’s 
motions, upon w’hich it chiefly depends ; being indeed 
the joint cffe^l of the inequalities of the adion of the 
fun and moon upon the fpheroidrfl figure of the earth, 
by w'liich its axis Is made to revolve with a conical 
raotion, fo that the extremity of it defer ibes a fmall 
circle, or rather an cllipfe, of 19*1 fcconds diameter, 
and I4'''2 conjugate, each revolution being nude in 
the fpace of J 8 years 7 months, accoiding to the revo* 
lutiop of the moon’s nodes. 

This is a natural confequence of the Newtonian 
fyllem of univeifal attra^ion ; tlic firll principle of 
which is, tjiat all bodies mutually attradl each other in 
the direiS^ratio of their malki, and in the inverfe ratio 
of the fr^ares of their di (lances. From this mutual 
attnv6lion, combined with motion in a right line, New- 
ton deducts the figure of the mbits of the planets, and 
particularly that of the earth* If this orbit were a 
cinle, and if the eaith’s form were that of a peifei^t 
iphere, the atiradicn of ihe iun would have no other 


cfFe^l thai^ to k«c]) th^ earth in,iu orbit, witliout 
caufing any irregularity, to the pofition of its axis. But 
neither is the ^tn’s orbit a circle, nor its body a fpherc ; 
foi the earth fs fcnfibly protuberant towahls the equator 
and its orbit if an cllipfis, which has the fun in its focus] 
Noiv when the pofition of the earth is fuch, that the 
plane of the equator palTes through the centre of the 
fun, the attradive power of the iun adls only fo as to 
draw the earth towards it, Hill paiallel to itfclf, and 
without changing the pofition of its axis; a circuin. 
fiance which liappens only at the time of the equinuxcj. 
In proportion as the eaitli recedes from thofe pointr, 
the fun alfo goes out of the plane of the equator, aiai 
approaches tliat of the one or other of the tropics ; the 
fcinidiametcr of the earth, then expofed to the fun, 
being unequal to what it was in the former cafe, the 
equator is more powerfully attradled than the refi of the 
globe, which cauks fome altciation in its pofiiioii, 
and its inclination to the plane of the ecliptic : and as 
that part of the orbit, which is comprikd between the 
autumnal and vernal equinox, is lels than that which 11 

* comprifed betw'cen the vernal and autumnal, it folIo^^^, 
tliat the inegulaiity caufed by the fun, during his paf- 
fage through the northern fzgns, is not entirely com- 
ptnfatcd by that \vhl</u he caufes during his pafiajre 

'^tbi'ough the foutlurn figns ; and that the paidllclfni 
the tcirellrial axis, and its inclination to the ecliptic, 
^Mthence a little altered. 

* r. The like efi’edl which the fun produces upon the 
earth, by his attradliun, is alfo produced by the moon, 
which ads with greater force, in proportion as (he i?> 
more dii^ant from the equator. Now, at the lime 
\yheii her nodes agree with the cquinoxiul points, hti 
greateft latitude is added to the greateft obliquity ofthe 
ecliptic. At this time therefore, the pow^r winch 
caifcs the irregularity in the pofition of the tcrrtlliial 
axis, ads with the greateft force ; and the revolution 
of the nodes of the moon being performed in 18 uars 
7 months, hence it happens that in this time the nodes 
will twice agree with the equinoxial points j and con- 
fequently, twice In that period, or once every 9 ycais, 
the caith’s axis will be more inftiicnced than at any 
other time.. 

That the moon- has alfo a like motion, is fliewn by 
Newton, in the firll book of the Principia; but he 
obferves indeed that this motion muft be very (mall, 
and fcarcely fenfible. 

As to the hirtory of the Nutation, it'feems there have 
been hints and iufpicions of the exiftence of fuch a cir- 
ciimllance, ever fioce Newton’s difeovery of the f)(km 
of the univerfal and mutual attradion of matter ; lome 
traces of which are found in his Principia, as above 
mentioned. 

Wc find too, that Hainfteed had hoped, about the 
year 1690, by means of the fiars near his zenith, to 
efitermine the quantity of the Nutation which ought to 
follow from the theory of Newton j but be gave up that 
projed, bccaufe, lays he, if this cfFed exifis, it nuifi 
remain infcnlible till we have infiruments much longer 
tl>an 7 feet, and more folid and better fixed than mine. 
Hill. Caleft. vol, 3, pa. 113* 

And Horrebow gives the following palTagc, extrad- 
cd from the manufenpts of his maftcr Roemcr, w ho died 
in 17 to, whofc obfervatioo> ht publilbedin 175 3 » 

dcr 



the cauft aiui gn account of which he then 

communicated to the woild. Philof. Tranf. vol. 45, 
an. 1748. 

“ On account of the in<'liuation of the moon’s or^)it 
to the ecliptic, fays i)r. Miifl<tlyno ( A tlronomiral Oh- 
lervations 1776, pa. 2), and the icveliition ( f iho nodta 
in amocc<lcntia, whirh is pci lonned in iK yeais and 7 
moRt!i>, the pn-t of the prccc^Hon of tlic (quinoxis, 
owjijj/ to her action, is not uniform : hut lulj vft to an 
equation, whole nuiMuuuu is iS^'r and llic ohlitpiity 
of the ecliptic is alio iubjcift to a pei lodical c<)uation of 
bcinp" jxH'atcr l)v iq'i'' when the moon’s die < ud- 
iiij( node !-> in iVnes, tliaii when it is in Libra, bolli 
thci'e ch'tcfs ii-( It dented tii^^cthci, by Inppolin'Mhc 
pole of the c,.ith to defenhe the p<uiphcry of an < 
in a retio^>rade maninr, diulng each period (d 
mocin’s nodes, tin. gitutn aais, lying in the folltifj 
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^ t 7 ^'^' u'' * PV»S™Ph « ‘h' ««h might cure a ..nation or libratlon In the 

«ppe?r» tlat R^mer »'fo « Nutation m the earth's axi, ; hi, f.ftor having been left fixed at Wa,- 

eartpaaaiV M.dh^^fome hope, to give the theory of fled, he often ivent there to make obfervatlonsformany 
« i It ruiM Ihun ‘‘ Sed de altitudinibus non pcrmde years, till the vur ly:,,. when be was fully fatisfied of 
certus reddebir, tarn ob rcfraaionum vanctatem qnam * *' ’ — . ^ 

ob aliam noRdum liquido pcrfpcdlam caufam ; fcilicet 
per hos duos anuos, quemadniodmn & alias, expertus 
liirh efle quandam in declinatlonibus varieiatemi quae 
nec refraftionibus nec parallaxibiia trlbui poteft, fine 
dubio ad ‘cacillationcm aliqiiam poli terrtlliib referen- 
dam, cujua me verifimilem dare pofTe theoriam, obfer* 
vationibus mumtam, fperu.** Baiis Altroiioniiac, 1755, 
pa. 66* 

Tlicfe ideas of a Nutation would naturally juefent 
themfelves to thofe who might perceive certain changes 
in the declinations of the Ifais *, and we have feen that 
the firfl fiilpicions of Bradley in 1727, were that there 
was fome Nutation of the earth’s axis which caufed the 
liar y Draconis to appear at times more or Ids near 
the pole ; but faitherobfervations obliged him tofcarch 
another cauie for the annual variations (art. Aberra- 
tion) : it vc'as not till fome years after that he dif- 
covered thefecond motion which we now treat of, pro- 
perly called tiic Nutation. See the art. Star, pa. 500 
&c, wlicre Bradley’s difcovciy of it is given at length ; 
to which may be farjther added the following lumrrvury. 

For the better explaining the difeovery ot the Nuta- 
tiou by Bradley, we mull recur to the lime when be 
obferved the liars in difeovering the aberration. He 
perceived in 1 728, that the annual change of declination 
in the liars near the cquinoxial colurc, was greater than 
what ought to rcfiilt from the annual prccefllon of the 
equinoxes being fuppofed and calculated in the 

ulnal way ; the liar v Uifae Majoris was in the month 
of September 1728, io" more^fouth than the pie- 
ceding year, which ought to have been only 18''' ; 
from whence it would follow that the nrccelhon of the 
equinoxes fhould be inftead of 50 , without alerd)- 
ing the difference between the 18 and 20'' to the la* 
llrument, bccaufc the liars about the folllitial colme did 
notgive a like difference. Philof. Tranf. vol. 3 5 » ^ 59 * 

In general, the Ibrs fituated near the equinof^iial 
colurc had changed their declination about 2^' moic 
than they ought by the mean prectlfion of the equi- 
noxes, the quantity of which is very well known, and 
the flars near the folllitial cohire the fame quantity Icfs 
than they ought ; but, Bradley adds, whether thefc 
fmall variations arife from fome regular caufe, or aic 
occafioned by fome change in the fcif^lor, 1 am not yet 
able to. determine- Bradley therefore ardently con- 
tinued his obfervations for determining the pciiod am 

the law of thefc variations ; for which purpofe he rchded 
almoft continually at Wanfled till 1732, 
obliged to repair to Oxford to fucceed Or, 1 y 
he ftill continued to obferve with the Lme exaclncfs 
all the circumftances of the changes of declination m a 
great number of flars. Each year he faw the period.^ 
of the- aberration confirmed according to the rules le 
had lately difeovered ; but from year to year he found 
alfo other differences ; the flars fituated between le 
vernal equinox and the winter loHlice approache 
to the north pole, while the oppofitt onts 
fartlu'r from it ; he began tiicnfore to lufpec t a ic 
aclron.of moon upon the ehvated equatori par 8 o 


tunes tailed iNutaluui, ana lomcturu a iicvuuidu. ^vn 
a;riin (fays the Doctor, pa. 8), the* above “ qnarlit; 
lij'i'r ofiliv on. ,ftlt Nutation of the ,carlli’s axis i 
the lolllitial e-duie, is what I fciind frosjjj a Icinpulou 


Sn 

..fr » ..,.tit)U ol thoie* by 

which he* bad dilcovcrcd the abciraticu ol hglil. But 
the cxa^l hw of the motion of the einlh’s ax-sh.is 
fettled by llie learned rnathcinal icians d’Alemlut, 
Killer, and Simplon, from the yrindples of giavit). 
'Tlic cijuatlon luMuc aMiiug in the jdaee of a liveAl iiai, 
whether in longitude', right ajcenlioii, or d'-cliuatieni 
(for llie lal'tudcs ao; not afieded by it) hashed fome- 
tiines tailed Nutation, and fometime a I >cv{..tio'i.” /Viid 

ity 
in 

lie lolllitiai e-auir, is \muu i johou « iv . upuloas 

cahnbtum of all Dr. IhadhyN ohfeivat^i of y IJn- 
conis, wliieii he was plealed to communicate lo me (or 
that purpofe. From a hLc e .amiii iliem < 1 his obfci vri- 
lion of V Ihfic rr.jjoris, I found the* leficr axis ct the 
rllip'is of Nutation to be 14*1 'h ‘r only T,,lh of a 
ficondlefs liian what ii Ihoulrl he fiomthc ohhivationa 
ofr Dracoms. But the rclnit fiom ihe obfcrvaliGini 
of - Diacoi.is is moil to be fleptiuikd .i])un.” 

Ml. Machin, fieicUo / ot ti c R(;^al So- -cly, to 
whom Biadky communicaicd his conjteiries, loon yu ■ 
ct'ived that it would l-ie iudn lent to < xp.-ii’S bf) h ihc 
Nutafi<m and the change of ll.c pic^illim, t(» tuppwlc 
that the pole of llie* earth f'clcr.bcd a bn ul Uc 

Hated the diameter of llosciulc at l •/', auri he flip* 
pofed that it unts dLlcrlbed by llic pol. m i he (pace of 
one revolution of the in k nodes But -t^;r calcu- 
laiiouH an! tlicoiy, h-rc fheum tint the ru.^iadcMbes 
a fmall dlndu>, whole axes ;ue ir/i' and^4-2 ^ as 
above mcntii>‘it.d. 

To fhew I be agreement between tlie theory nnd ob- 
fervations, ibadhV gives a vjeat muU.lude* of obfirva- 
tions of a number of ibus faken in different pofiiions ; 
and out ofrnoie ih oi 300 oblervations wh*ch he made, 

he found but 1 1 v.liieh v-ere difTcrcnt from the inean by 


lo 
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To much a* 2’^ And by the fupp<yfttion bf the ellJjjtic 
rotation » the slgreemcht of the ihtdif with obfervattioh 
comt’8 out ftill nearer. 

By the obfervations of 1740 and 1741, the ftar n 
-Uifac majoris appeared to be 5" farther from the pole 
than it ought to be according to the obfervations of 
other years. Bradley thought this difference arofe 
frr)m Ionic particular caufe ; which however was chiefly 
the fiult of the circular hypothefis. He fufpefted alfo 
that, the fituation of the apogee of the moon might have 
feme influence on the Nutation. He invited therefore 
the nnathcm?itician8 to calculate all thefe effects of at- 
tradfion, which has been ably done by d’Alembert, 
Euler, Walmefley, Simpfon, and others; andtheaftro- 
nomers to continue to obfcive the pofitions of the 
{mailed flare, as wcllas thelargeft, to difeover the phy- 
fical derangements which they may fuffer, and which 
had been obfcivcd in fome of them. 

Several clftdts arife from the Nutation. The firft 
of thefe, and that which is the moft eafily perceived, 

: in the obliquity of the ecliptic ; the quaii- 
|ich ought to be varied from that caufe by 18’' 
fly,^hb bbliquity of the 
® ^15", and 
* e' '^d it 


but it had even' 

l8'^ for the effeft'ofthe fiutJtTonI 
The Nutation changes equally the longitudes, the 
right*afccnfions, and the declinations of the liars, aa 
befoic obferVed ; it is the latitudes only which it does 
not afie£l, becaufe the ecliptic is immoveable in the 
theory of the Nutation. 

^ Dr. Bradley illullrates the foregoing theory of Nuta- 
tion in the following manner. Let P reprefent the 
mean place of the pole of the equator, about which 
point, as a centre, fuppofe the 
true pole to ®pye in the fmall 
circle A^C|K'^hofe diameter 
is 1^", Eet^e the pole of the 
ecliptic, and EP be cqilal to the 
oie.m diflance between the poles 
of the equator and ecliptic; and 
fuppofe the true pole of the e- 
quacor to be at A, when the 
moon’s afeending node is in the 
beginning of Aiies; and at B, 
when the node gets back to Capricorn ; 

Hie fame node is in Libra: at which time the noith 




nd at C, when 


pole of the equator being nearer the north pole of the 
ecliptic, by the Whole diameter of the little circle AC, 
equal to 18^'; the obliquity of the ecliptic will then 
be fo much Icfsthan it was, when the moon’s afeending 
node was in Aries. The point P is fuppofed to move 
round E, with an equal rArograde motion, anfwerabic 
to the m^ prectflion arifing fiom the joint adions of 
the fun A'd moon ; while the tuie pole of the equator 
moves round P, in the circumference ABCD, with a 
retrograde motion likcwuTc, in a period of the moon’s 
nodes, or of 18 ycais and 7 mouths. By this hicans, 
when the moon’s afeending node is in Aries, and the 
true pole of the equator, at A, is moving from A 
towards B ; it will approach the flars that ceme to' the 


meridian with th^ fun about the v^frnal equino*, knd 
recede from thofe that edme with the fun neat the 
autumnal equinox, faflcr than the mein pole P does. 
So that, while the moon’s' node^ocs back from Aries 
to Capricorn, the apparent precemon will feem fo much 
greater than the mean, as to caufe the liars that lie in 
the cquinoAial colure to have altered, their declination 
in about 4 years and 8 months, more than, the 
mean preceflion would do ; and in the fame time, the 
north pole of the equator will feem to have approached 
the liars that come to the meridian with the fun of our 
winter foHlice about 9'', and to have receded as much 
from thofe that come with the fun at the fu miner fob 
nice. 

Thus the phenomena before recited are in general 
conformable to this hypothefis. But to be more par- 
ticular; let S be the place of a ftar, PS the circle of 
declination palling through it, reprefenting its dillance 
from the mean pole, and tPS its mean ri^it-afcenllon. 
Thus if O and R be the points where the circle of de- 
clination cuts the little circle ABCD, the true pole 
will be neared that ftar at O, and fartheft from it at R; 
the whole difference amounting to 18", or to tlic 
diameter of the little circle. As the true pole of tlk 
equator is fuppofed to be at A, when the moon’s 
afeending node is in Aries ; and at‘B, when that node 
gets back to Capricorn ; and the angular motion of the 
true pole about P, is likewife fuppofed equal to that 
of the moon’s node about E, or the pole of the eclijuiV; 
lince in thefe cafes the true pole of the equator is 90 
degrees before the moon’s afeending node, It mull be 
fo in all others. 

^ Wlien the true pole is at A, it will be at the fame 
diflance fiom the ftars that lie in the cqninodlial coline, 
as the mean pole P is; and as the tine pole recedes 
back from A towards B, it will approach the ilato 
which lie j^Ahat part of the colure repiefented by Pt, 
and recede' from thofe that lie in PsJt; not indeed with 
an equable motion, but in the ratio of the fine of the 
diflance of the moon’s node from the beginning of Aiie?. 
For if the node be fuppofed to have gone backwards 
from Aries 30*, or to the beginning of Pifccs, the 
^oint which reprefents the place of the true pole will, 
in the mean time, have moved in the little circle through 
nn arc,, as AO, of 30° likewife ; and wmuld theieforc 
in effed have approached the ftars that lie in the equi- 
noctial colure P v, and have receded from thofe that 
lie in P by 4^ feconds, which is the fine of 30° to 
the radius AP. For if a perpendicular fall from O 
upon AP, it may be conceived as part of a great cir- 
cle, pafling through the true pole and any ftar lying 
in the cquinoClial colurc. Now the fame proportion 
that holds in thefe ftai s, will obtain likewife in all others ; 
and from hence wc may collcft a general rule for linding 
how much nearer, or farther, any ftar is to, or from, 
the mean pole, in any given polklon of the moon’s 
node. 

For, If from the ri^ht-afcenjxon 
the diflance of the moods afeending 
radius will be to the fine of the 
the number of feconds that the far 
from, the true^ than the mean pole* ^ 

This motion of the true pole, about the mean at P, 
will alfo produce a change in the right-afccnfion of i lie 

ftai F, 


of the Jlar, we fullra^ 
node from ylrks ; d'lU 
remainder, as 9 '' 
is nearer to, or faidir 
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fitrt, «nd Jti the placet of the eqiiinoAial point*, at 
well a* m the oblicpiity of the ecliptic ; and the quan- 
tity of the equation*, in either of thefe cafes, may be 
eafily computed for any given pofition of the moon’s 

nodes* 

Dr. Bradley then proceeds to find the exaft quantity 
of the mean precclfion of the cquinoaial points, by 
comparing hi? own obferrations made at Greenwich, 
with thofc of Tycho Brahe and others ; the mean of all 
tvhich^he flatca at i degree in 7 a years, or 50*"' per 
year ; in order to fhew the agreement of the foitpoing 
hypothcfis with the phenomena themfclvcs, of the al- 
terations in the polar dillances of the liars ; the con. 
clufions from which approach as near to a coincidence as 
could be expedled on the foregoing circular hypothcfis, 
the diameter of which is 18"; inrteacl of the mote 
accurate quantity 19*1 ", as deduced by Dr. Mafcelviu?, 
and the elliptic theory as determined by the maihc- 
maticians, in which the greater axis (19*1") is to the 
Ids axis ( 14*2 "), as the cofine ofthegieatcrf declination 
is to the cofiiic of double the fame. 

To give an idea now of the Nutation of the flars, in 
longitude, j ight-afeenfjon, and declination ; fnppoA 
the pole of the equator to be at any time in the poinf^ ’ 
O, alfo S the place of any (lar, and OH pcrpcndicula ^ 
to AE : then, like as AE is the Iblllitial colure wlu 
the pole of the equator was at A, and the longitude 0 
the liar S equal to the angle AES ; fo OE is the fol 
llltial colure when that pole is at O, and the longitud 
is then only the angle OES ; lefs than before by tin 
angle AEG, which therefore is the Nutation in longi- 
tude : counting the longitudes from the folflitial inftcad 
of the equino^lial colure, from which they difTcr equally 
by 90 degrees, and therefore have the fame diffciencc 
AEO. Now the angle AEO^will be as the line 
HO = fin. AO to radius P 13 = fin. AO x PB =: 
hn. AO X 9''; therefore as EG ; HO : radius i : 
Ho fm, AO X 9'^ fin. node X 9^' 

i-:o = Tn 723 » 2 S/ = 

IS equal to longitude of the moon’s node. This cx- 
premon therefore gives the Nutation in longitude, fup- 
pofing the maximum of Nutation, with Bradley, to be 
; and it is negative, or mult be fubtraded from the 
mean longitude of the liars, when tlie moon’s nude is 
• n the firll 6 figns of its longitude, but additive in the 
latter 6, to give the true apparent longitude. 

This equation of the Nutation in longitude is the 
lame for all the liars ; but that for the declination and 
wght-afeenfion is various for the different liars. In the 
loregoing figure, PS is the mean polar diftance, or 
mean codcclination, of the liar S, when the true place 
of the pole is O ; and SO the apparent codcclination ; 
iilfo, the angle SPE is the mean right-afeenfion, and 
SOEthe apparent one, counted from the folllitial co- 
^ure ; confequently OPS or OPFthe difl’ercnce between 
*’*ght-afccnfion of the ftar and that of t he pole, 
which is equal to the longitude of the node increafed 
3 %na or 90 degrees ; fuppofing Ol' to be a 
Imall arc perpendicular to the circle of declination 
^P'Sj then is SF =: SO, and PF the Nutation in 
declination, or the quantity the declination of the ffar 
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to the mean.ldhrnt on to give the apparent, when its 
argument does not .vcce.l fi fubtr.iaed 

mthe latter 6 figns. Bm the contrary for tlic Hat* 
having fouih dedinatiou. 

To calcu!.itc the- Niil.ttlon in rlght afocnfion, w, 
mult find the diffucncc I'ctwteri the single SOE the 
apparent, and SPV, the mean Tight-afeenfion, connud 
loin the fij'.lliiial culure EG. Now the true light- 
atcenfion SOE is c(jnal to ihc (liflmncc httween the 
two vanablc ririgh-s QOE niul COSj the funner uf 
vvhirh anfts from ihc chauge of one uf tlu* varinhlc 
Clicks EO, and depcinhs unl\ on the litintiou of the 
node or of t hnt uf the pole O the latter OOS dcp. nds 
un tftc angle (jl\S whicli is tiie dtflVicnec between the 
light altcnfiun of the ll.ii aiul the place of tlic pule O. 
Nowell the fplierical tiiangle GPE, which thanges 
into CjOE, the (ide GE and the angle O retrain cun* 
flant, arid the (/ther parts are variable ; hence theicfui-e 



nas incrcafcd ; but radius 


PF=. 


cofin, OPl* 


X cof. OPF 
9 


fo that the equation of declU 


ting. 2H» 

the difference between the angles GO]*', and GPE. 
Thib is the change which the Niilaiiun PO produces in 
the angle GPF, bung the fiill pait of th" Nutal lou 
fought, rind i'j common to all tin- liars and planets. It 
i;, tube fubltcU^ted fiom llu jiK.tn r I)'hl.alcv iilion in the 
fill! 6 figns uf tire longitude of the node, and added in 
the bther fix. 

In hke manrrn- is found the ehat.ge width the Niit.’- 
tiotr produces in the other part of the rlgjrt-ak eriliuii 
SPE, that is, in the angle SPG, which lu come:, S()( J 
by the effc£l of the Nutation, 'rhisfinall variiiiiun will 
be calcukited froni the lame nrKd<;gy, by imatiauf the 
triangle SOG, in vliielr the angle G is eunllanf, as 
well as the fide SG, vvlnl.'l 8 P t liangcs ri to S(^. ff nee 
therefore, tang. SP : fn. 8PO : : () ' : van.itiun ol bPG, 
that is, the eoiangenl <j 1 the dei liiial run Ii to tire culliie 
of the dillance between thf ll.ir and the node, as 9 
arc to the quantity the angle SPG varus In !)’ecnnlng 
the angle SOG, being the fie rid jrait of the Nutation 
in right-afc( nlhm ; .md if llieif be take n lor I lie aegu- 
jnent, the right alceufi m of the liar rtiVius the hinglt’Jile 
of the node, the eqaation will be fiihtrallu'- in llie 
firlt and lall quadiant of the atgnmenr, and additrve 
in the 2d and ^il, in* Iroai 3 to 9 figru, ]>nt the con- 
trary for liars liaviiig ru’i'd) ilet 1 

This fecond part uf tin* Notation in right -afeenfion 
affects the return of tlie fan to tli * rneiidia'i, ^nd there- 
fore it nuill be taken into the aa eunnt iu eeaiimtiug 
the equation of lime. Put Pie !oi mcr pai t of tljc Nuta- 
tion does not ci^t^r into that e.at.putnlion ; hecanle it 
only changes lh<- ghu e of tire rq-nnox, \vl:huut e!i,'‘ing- 
ing the point of the equator to which a flar coi i edpondr', 
and conleepieijlly without allerlng the dtiialiou of the 
returns to the aieiidian. 

All. 
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. All thcfe calculationi of thc,;NWioOf »bovc ex- 
plained, arc upon Machln’g bypqthcfi&, -that the pole 
defcnbcB a circle j however Bradley himfelf remarked 
that fome of his obfervationa differed too much from 
that theory, and that fuch obfervations were found to 
agree better with theory, by fuppofil1|( that the pole, 
inilcad of the circle, deferibes an cllipfe, having its 
Icfs axia DB =r 16'^ in the equinoctial colure, and the 
greater axis AC = iS"', lying in the folilitial colure. 
But as even this corredion was not fufficient to caufc 
all the Inequalities to difappear entirely. Dr. Bi'adley 
referred the determination of the point to theoretical 
and phyfical inveffigJitlon. Accordingly fevenil mathe-’ 
maticians undertook the tafiv, and particularly d’Alem- 
bert, ill his Recherches fur la pr^effion des equinoxes, 
wliere he determines that the pole really deferibes an 
cllipfe, and that narrower than the one affamed above 
by Bradley, the grcatci axis being to the Icfs, as the 


cofmeof to the cofind of double the fame 

And as Dr. M^ync found* frOm. Z more accuraie 
redudion of Bradley’s Dbfcrv^tiqns, that the maximum 
of the Nutation gives. iV i'' for the gi^ater axis, there- 
fore the above pVoporfion gives i4*V',for the leJs * 
of it ; and according tp .theft. data, the theory and ob 
fervations are noW|foutld to agree very i^car together. 

See La Landc’s'Aliron. vo|. 3, 'art, 2S74 sfe, where 
he makes the correaions for the cllipfe. He obfervci 
however that by the circular hypothefls alone, the com- 
putations may be performed as accurately as the ob- 
fervations can be made ; and he concludes with fonie 
co^ftions and rules for computing the Nutation in the 
elliptic theory. 

The following fet of general tables veiy readily o-ivc 
the cffcdl of Nutation on the elliptical hypotlidis ; tliey 
were calculated by the late M. Lambert, and are taken 
from the ConnoifTance des Temps for the year 1788. 







General Tablej fir Nutation in the Ellipfe» 
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Table 
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I^Be- 

0*6 

1 7 

2*8 


mm 


06 

1*7 

2*8 



Dc- 

0*6 

1*7 

2*8 


grecb 

+ - 

+ - 

4 -- 



gre^ 


+ - 

+ - 



grecs 

- + 

1 / 

*- + 

~ + 



// 

u 

n 




'/ 


// 





" 



0 

0*00 

3*93 

6*8o 

30 


0 

0*00 

o*§8 

1*00 

30 


0 

0*00 

771 

lyib 

30 

I 

0*14 

4*04 

6‘S6 

29 


1 

0*02 

0*59 

1*01 

29 


I 

0*27 

7*95 

13*50 

29 j 

2 

0*27 

4* 1 6 

(>•93 

28 


2 

0*04 

0*6 1 

ro2 

28 


2 

0*54 

8-i8 

13*62 

28 ! 

3 

0*41 

4*28 

6 99 

27 


3 

0*06 

0*63 

1*02 

27 


3 

0*81 

S'4o 

^ 3'75 

I'j ' 

4 


4’39 

7*06 

26 


4 

0*08 

0-64 

1*03 

26 


4 

ro8 

863 

13*87 

26 ' 

5 

0*68 

4*50 

7*11 

25 


5 

0*10 

0*66 

1*04 

25 


5 

^*35 

8-8, • 

13*98 

25 

6 

0*82 

461 

7*17 

24 


6 

0*12 

0*68 

1*05 

24 


6 

r 6 i 

9-07 

14*10 

“4 

7 

0-05 

4*72 

7*23 

23 


7 

0 *IA 

0*69 

1 *06 

23 


7 

do 

CO 

9*29 

14*^0 


8 

ri I 

4'83 

7*28 

22 


8 

0*10 

0*71 

1*07 

22 


8 

2*15 

9*50 


2: 

9 

1*23 

4*94 

7’33 

21 


9 

0’i8 

072 

1*07 

21 


9 

2*41 

9*71 

14*41 


lo 

1*36 

S' OS 

7'38 

20 


10 

0*20 

0*74 

1*08 

20 


10 

2 - 6 S 

9*92 

14*50 

20 

II 

1*50 

S 

7*42 



1 1 

0*22 

0 - 7 S 

1*09 

*9 


Ji 

2-94 

10.12 

H *59 

19 

12 

1*63 

5*25 

7*47 

18 


12 

0*24 

0*77 

J *09 

18 


12 

3*2 1 

10-32 

14-67 

18 


1-77 

5*35 

7*51 

^7 



0*26 

078 

no 

17 


13 

3-47 

10*52 

14-76 

»7 


1*90 

5*45 

7*55 

16 


H 

0*28 

O’Ho 

ri I 

16 


•4 

3*73 

1072 

4-83 

16 


2*03 

5'55 

7-58 

*5 


*5 

0*30 

0*81 

ni 

15 


15 

3*99 

10*91 

14*90 

15 

16 

2*1 6 

565 

7 

H 


16 

0-32 

0-83 

1*12 

14 


16 

4*25 

ITIO 

14*97 

14 

17 

2*30 

5*74 

’’ll 

^3 


17 

0*34 

0*84 

ri2 

•3 


17 

4*51 

11*28 

15*03 

13 

18 

2^3 

5*83 

7*68 

12 


18 

0*35 

0*85 

1-13 

12 


18 

477 

11*47 

15*09 

1 2 

*9 

2*56 


771 

1 1 


^9 

0*37 

0*87 

1*13 

1 1 


19 

5*02 

1 1*65 

15*15 

1 1 

20 

2*68 

6*01 

773 

10 


20 

039 

0*88 


lO 


20 

5*28 

11*82 

15*20 

10 

21 

2 * 8 i 

6*10 

7*75 

9 


21 

0*41 

0*89 

1*14 

9 


21 

5*53 

11*99 

15*24 

9 • 

2 

2*94 

(y 19 

7*76 

8 1 


22 

0*43 

0*91 

1*14 

8 


2 Z 

5-78 

I2’i6 

15*28 

8 

23 

3*07 

6*27 

7*77 

7 


23 

0*45 

0*92 

ri 4 

7 


23 

6-03 

12*32 

^5 32 

7 

H 

3-19 

6*35 

7'79 

6 


24 

0*47 

0*93 

1*14 

6 


24 

6*28 

12*48 

* 5*35 

6 


3*32 

6‘43 

7 * 8 o 

5 


25 

0*49 1 

0*94 

i-ij 

5 


25 

6*52 

12*64 

* 5*37 

5 

z 6 

3 ’44 

651 

7*82 

4 


z6 

0*50 

0*95 

1*15 

4 


26 

6*76 

12*79 

15*39 

4 

27 

3*56 

6*58 

rh 

3 


27 

0*152 

0^96 

1*15 

. 3 


27 

yol 

12*94 

15*41 

3 

28 


6*66 

7 -S+ 

2 i 


28 

0*54 

0*97 

1 I-I 5 

2 


28 

7*23 

13*09 

15*42 

2 

29 

fyS, 

673 

7-85 

1 


29 

0*56 

099 

1-15 

. I 


29 

7-48 

13^23 

> 5*43 

I 

30 

3 '93 

6’8o 

7'85 

0 


30 

0*58 

1*00 

IMS 

0 


30 

7-71 

13-36 

‘ 5*43 

0 


+ - 

+ ~ 

+ - 

Dc- 



+ - 

•f - 

+ - 

De- 



- + 

- + 

-* + 

De- 


5*11 

4*10 

3*9 

grecs 



5*11 

4*10 

3’9 

grecs 

1 


5 *“ 

4*10 

3*9 

grees 
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The ' Ufi Tahles. .. 

^Je d^l^^enjion of a ftar i^inw* the moon’s mean 
lonffituoW g«v?»^tne argument of ihc fir (I of thefc thice 
la^. . ^4te l*u% of the fame two quantities gives the 
^rgwfnt^ti!^ uhJe. Then the fum or tlie dif- 

■fercuce^'^f miantittP^fonod with ihefe two argu- 
ments, will W cortc^ion to be ap^died to the mean 
dccHiiation of the ftif, tf k is north declination ; hut 
if it 18 foutbfirji, "|hc %ns 4- or — are to be changed 
into — and 

From each<df thclfe two arguments for the declination 
fubtradrng S' arguments lui 

correfting the right-arccnlion ; the fum or dillVrencc 
of the qudntitifs found, with thefc two arguments, in 
tables i^and 2, is to be multiplied by the tangent of 
the ihir’s declinMion,, and to the product is to be added 
life quantity tak.cn out of table 3, the aigumcnt of 
which is jthc mein longntude of the moon's ulcciiding 
node ; v\'hen the ckcll nation of the ilai is fouth, the 
tangent will be negative, 

Kxfrfnjife. To find the Nutation in riglit'afctnfion 
and declination ‘for the liar a Aquilre, the ill of July 
1.78s. 

Right-afeenuon of the liar Q'^ ^ 5 ° 7' 

Long* of the moon’s node 8 15 4 ^-^ 

n 

being argument i, I 9 27 4 - 4*99 

Sum, argiimcnt 2, • - 6 10 47 — 0*22 

,Corre6li'on of the declination - - - 4 - 4*77 

The above two arguments being each dimlnilhed by 3 
figns, give) • o ' 

Argument i 10 9 27 — b'o6 

Argument 2 - 3i0 47 -hi ’*3 


Declin. of liar north, its tangent -*• 0*146 

The produ6l Is ■— 

Long, oftlic ''C’s nolle, argum. 3 - + 14*94 

Coric^ion of nght-afeepfien - - - 4 - * 4 ’^^ 


Tn general, let $3 denote the longitude of the moon’s 

sfeending node ; r the 1 ight-afeennon of a Unr or planet ; 
^/its declination ; the Nutation in decimal ion and nght- 
ajcenfiont'Will be exprelled by the two following lor- 
mula; ; viz| the, Nutation In declination 

“ '"’Bs X fin. (r- S 3 ) + ^ ^ 

and\he Nutation in rfght-afcenfion 
=:[7"-85 X fin. (r - S 3 - 90°) 4 - X fin. 

(r -f 53 — 90°)] X tang. 15^43 ^ fi”* 

For the mathematical invelligation of the eflcffls of 
uinvtrfal attradfion, in producing the Nutation, See, 
fee d’Alembert’s Recherches fur la PR’celuon des Equi- 
noxes ; Silvabelle’s Trcatlfe on the Preecirion of the 
Equinoxes Scc“, in the Philof. Tranf. an. 175 }. p. 305; 

^altnefley’a treatife DeTrseccfllone EquinOChorum ct 
vVxis^crrac Nutationt, in the Philof. iranf.au. i 75 ^> 

Vo^lL . 


pa, 700 ; Siinpfon’s Mlfccllaneoue TraiSfs, pa, i j and 
other authors. 

s 

S TEAM. The ohfervations on the different degree! 
of temperature acquired by water In boiling, under 
diifcient pielTiin sof the atrnofphere, and the formation 
of the \apour from water under the receiver of an air- 
pump, when, with the comnion tempciaturts, the pref- 
lure is diininiihcd to .1 CMtrdn (le;;a-c’, have taught us 
that the expvinlivc Imccol rapour or Steam is diflerent 
in tlic dillerent tempt raliius, and tiuit In genenil 
it iiicreafts in a vaiiahlc ratio as the itmpcratuie is 
laifed. 

lint there was wanting, on tin's impottant fubjeiFl:, 
a ferita of exact a-'d diicct tvpe. iinenls, by nie.ins of 
which, having gcin the dcjM-tc <4 tempeiatnic in 
boiling uatei, ws n»iy know the expanfivc loice of the 
Steam liling fumi it : .111! \ icc veihi. 'There was want- 
ing alio an an ily iital thtoiem, t'XpiJling the relation 
Ixtwccn the tempt i a! me of lioih'iig water, and tlieptel- 
fiiie with whieli the foiee of it'. Steam Is in eqniiibrium. 
'rhefc t iicumllances ilun hive lately l)eeii a* cornplilhcd 
by M, Iktancoint, an ingt"K,a^, Spaiiilli phduUt>ber, 
the paiticulars deli i.littl in a memoir coiA- 

munlca^crftn) ihe Fit nth Academy ofSeiciiecs in i':90, 
and oideicd to be printed in their eolleijlion of the 
Works t)f Strange 13 . 

The appai at ns which M. Betancouit makes life of, 
is a copper vcllcl or boiler, with its cover lirmly fol- 
dered oil. The cover ha.^ ihitc iioh'^., which clofc up 
with fciews ; the lirll Is to put llie vsatci hi ,m (1 out ; 
thiough the fccoiid pades tlic Hem of a thermometer, 
which has the whole of it., kale 01 gi.uliiation& above 
the veflel, ami its ball within, wlieie It is immeiled 
cithei in the water or the Steam according to the dlf- 
fcicnt cireumftrmceu ; ihvougli the thhd liole pallcb a 
tube in.ikiiig a cominunicalion bclvvctu the iMvily of 
the boiler and one branth of. in invtiled lyphoii, which, 
cont lining uieu’iiv, .'uM > a'v i h.iromeltr li>i niealnimg 
the pieflnre of the ilailit \jj)Our within llio bo lei. 

'1 hcie i.s.ifouilh hoi., in the title of the vclfcl, into 
wliicli is infeitcd a lobe, With a turn cock, ni iking .t 
communication witii the uttivtr of an air pump, for 
extracting the air liom the boilii, ar:d to picvcnt it! 
iclniii. • , j 

'I'hc appaiatiis bting pu'parctl in good' order, and 
dillillid wattr irUiodu.t'd info the boiki by the kid 
hole, and then Ib-i i'cd, as w'tll as the tud of the in- 
vtiltd (y[)hon or bai oukIl 1 , M. I’clancouil Inn O'lntli d 
the bodtT with ice, to low^r the t- tnpi lat mv (d the 
watci to the ri.'i/.iug point, am! then cxi 1 ailing all the 
air fiom the boilci by nitans of the ali jiuinp, the dif- 
ference between the columns ol mcrcuiy In the two 
blanches of the baromctei is the mealhrc of the fpriiig 
of the vapour arifmg from the wait*) in that tcirqierature. 
Then, lighting the fife below the boiler, ^le raifed 
gradually tlie tempcialme of the water from o'to 1 10 
dcgiccs of Reaumur's tht I niomcter; being tRe fame 
as from 32 to 212 degrees of Fahrenheit’s j and -for 
each degree of elevaiioii in the temperature, heobferved 
tile height of the column of mercury which meafured 
the cladicity or pirlfurc of the vapour. 

The rcfults of 1 ^ 1 . Betancourt’s cxpcrimcnta are con- 
^ ]j tained. 
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tained in actable, of fo^r qpluinn^^ wbi.c)i *w.but lijilc 
difftrcnt, according to the different quantities of water 
in the veffel. It is here obfeivablc, that the increafe 
in the expanfivc force of the vapour, is at firft very 
but increafing fattier and fader, till at 

lad it bLCCQOtcs vecy.capid. Tbui, the drength of the 
vapour, atSo degrees, is only, equal to 28 French inches 
of mcricury ; 1 xo degrees it is'equal to no: Icii^ th'-Mi 

^8 inches, that. is 3 times and a half more for tlie in- 
creafe of only 30 degrees of heat. 

To cxprpls analytically, the 1 elation between the de- 
grees, pf temperature of the vapour, and its expanfive 
K)rce, lids author employs a ^ method dcvifed by M. 
Proiiy. Tbi^ method confjds jn conceiving the heiglits 
of the columns of mercury, meafuring the expanfive 
force, fo rtprefent the ordinates of a curve, and the 
degrees of heat as the abfeifles of the fame ; making 
the ordinates equal to the fum of levcnal logaritlmiic 
ones, which contain two indeierniinates, and determin- 
ing thefc quantities fo that the cuive may agree with a 
good nimibcr of obfei various taken throughout the 
whole, extent of them, Tlien condi lifting the curve 
which vefults immediately from the experiments, and 
that by the formula, thefe two curves arc fouird 
“^'"i^coincide almod perfc(^ly together fmall diffe- 
rences being doiibtlefs owing to the litUe'irrigwlaritics 
in the experiments and in dividing the fcalc; fo that 
the phenomena may be coufideiedas tiuly reprefented 
by the formula. 

M. Betancourt made alfo experiments with the va- 
pour from fpirit of wine, dmllar to thofe made with 
watei j condruding tliccuive, and giving the formula 
proper to the fame. From which is derived this le- 
markable rcfult, that, fur any one and the fame degree 
of heat, the drength of the vapour of fpirit of wine, 
is to that of water, alw'ays in the fame condant ratio, 
viz, that of 7 to 3 very ivearly ; the drength of the 
former being always 2| times the drength of the latter, 
with the fame degree of heat in the liquid. 


, y a?. ^ 4*68^7-60 J 
=s 0*058022 
3^37^00' 

//' sc' jq‘d4^220 

Henjie^.k evident by mfpedion, that the terms »{ 
the equation arcyery eafj^ to tjslculit^ , Fov ^bcing 
the radix or yoot'pf th**^ofemi^n fy’dcm 0/ logarithms, 
9nd.airi!he* qn the fecbttd fide' of the equation 
being the powers of thefe terms are Oonfeqiicntly 
the tabular natural numbers living tifc variable expo- 
nents for their logarithm^. » Now as ;r rifes only to the 
fird power, and is multiplied by a condant number, and 
another coqdjnt number being added to the produd, 
gives the variable exponent^ or logarithm ; to wliich 
then is» immediately found the correfponding natural 
number in the table of logarithms. 

In the above formula, the two lad terms may be en- 
tirely' omitted, as very fmall, as far as to the qoth tle- 
gree of the thermometer; and cven'?rt3ove that tempo 
ratiire thbfe two terms make but a fmall part of the 
whole formula. 

And for the fpirit of wine the formula is 
a+cx a'-h/x e + 

Where X and y, as before, denote the abfeifs and ordi- 
nate of the curve, or the terapciaturc and ixpaniivc 
force of the vapour fiom the fpirit of wine ; alfo th« 
v.ikics of the condant quantities are as bclow' : 

/ = JO’ 

/j — — 0*048 53 
= 0*02395 

==r ^ 0*63414 

c ' = — 0*096532 
e 2*500542 

f" = ©•046473 

= — 1*790192 
C '" =:: 0*029448 

J — 1*12647 


Of the Formula^ or Equation to the Curve, 

The equation to -the curve of temperature and pref- 
fure, denoting the relation between the abfeiffes and 
ordinates, or between the temperature of the vapour 
and its drength, is, for water, 

/J-f-CA* rt+c'v 

y ^ h ““v ’TO 

Where x denotes the ahfclffes of the curve, or the de- 
grees of Reaumur’s thermometer ; andy the ccwrefpond- 
ing ordinates, or ib^ heights of the column of mer- 
cury In Paris inches,, reprefenilng the drength or eladi- 
city of the vapour anfwcring to the number .v of de- 
grees of the thermometer. Then, by comparing this 
formiJa with a proper number of the experiments^ 
the values of the conHant quantities cotne out as be~ 
low : , 

, i =;= lo- 
ll ^ 0:068851 

c = 0*019438 

=r O’OUAQO . 


This formula is of the fame nature as the funnci. 
having alfo the like eafe and convenience of calciiln' 
tion ; and perhaps more fo ; as the fecond term 

q-i A*^ having its exponent wholly negative, foon 

dimlnifhcs to no value, fo as to be omitted from tlie 
10th degree of temperature; alfo tlrn differcm-c W- 

1 T yi + 

tween the lad two terras — ^ + h may 

be omitted till the 70th degree, for the fame reafon. 
So that, to th^ loth degree of temperature the theorem 

18 onlyy=:i -pi — and from the 

10th to the 70th degree it is barelyy = — // ; 

after wfilch, for the laft 15 or 20 degrees, for great 
accuracy, the /a/i two terms may he takaiin, 

A compendium of the tabic of the experiments here 
follows, for the vapour of both water and fpirit 0 
wine, the temperature by Reaumur’s thermometer, anu 
the barometer in French inches. 

I ' 
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TahU of the Temperatore and Strength of the J'ajiour of li^itter and Spirit of ky Reaumur't' Tfjermmetert 

and French Inches* 


r Heiglit of tilt Barometer for 


Vapour of 

i Reau. Ther.l Water. 


0*0176 

0*0546 

00747 

OM038 , 

o‘i2n 

O' I 508 

0-1741 

0-2073 

C‘2304 

0*2681 
0-3039 
0-3419 
0-3877 
0-4^; 3 

0-47 7 8 

0-5208 
0-5730 
o 6283 
0-6872 

0-7497 

0-8 1 59 

0- 8863 
0*9610 

1- 0402 
1-1239 
1-2127 
1*3060 
)'4 o6j 
1-5019 
1-6333 

•74 '3 
1*8671 

1- 9980 

2*1374 

2- 2846 
2-4401 
2-604^ 
2-7780 

2- 9: 1 1 
3'‘H4 
J-J 5 S 3 
3'5735 

3- S00S 

4- 0399 
4*2922 
4-, 58 2 

4 - « 5«6 

5- 134^^ 

S-4453 

5- 7706 

6*1194 

6 - 4834 

6- 8667 

7- 2798 


Vapour of 
I Spirit of Wine. 


0-0043 
0*0208 
0-04 7 s 
o‘o837 
0*1 2 '^9 
0*1794 
0 - 2^77 
0*3024 

0-4502 

0-5150 

0*6058 

0*7040 

0- 8077 
0*9172 
i -0330 

1- 2846 
1-4112 

1 7180 

1- 8791 

2 0494 

2- 2293 
2*4194 
:*6202 

2- H325 

3- 0568 

vmi 

3 ’‘; 4 i> 

3-8087 

4*0883 

4 M 8 f 7 

4*6958 

5*0256 

5 ' 374 > 

5‘6423 

O131J 

6 * 54 j 6 

7 ' 43 ^>o 

7*9211 

8 - 433 <’ 

8-9751 

9 ') 4 :o 

(0*1516 

10*7906 
1 I -4606 

i2*l80O 

12*9340 
13*7300 
14*5720 
15*4610 
1 6*4000 

17*3950 



1 Deg. of 1 
|Rc;ui. Tlier. 

Height of the . 

iarumeter for 

Vapour 
of Water. 

Vapour of 
Spirit of Wine. 

56 

7.694S 

18 4420 

! 

8*14/2 

19*5081 

' 5B 

8-6’2 1 

20-6.86 

‘ <i 9 

9-1071 

21*6071 

i 6 d 

9*6 2 80 

* 3 *o ?44 

1 61 

10*1767 

H-345» 

i 

10-7098 

15 (M07 

■ 

11*3602 

2; *1444 

''4 

r 1-9976 

28*6483 


I2-6'>87 

3.V3361 

66 

‘r3/4i 

3 '‘8/95 

67 

14-1 161 

33'6"+ 

1 68 

148958 

35-42S« 

, 69 

; *>‘ 7‘>'3 

1 37'3^33 



1 3‘;'3°7'’ 


17-.18J 

41-3807 

1 -* 7 ^' 

>8*433 

43-i4<>3 

, ,3 

"r4,3 3 

45-8043 

' 74 

20*435 

4 S-i 58 <) 

i 

j I'-sSj 

50*6096 

1 76 

23-740 
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M. Betoneeitrt 

Confe<j[ueiKC8 and applications from this cotoftf 
'cxpcnmeiits. He fliews, for inflance, that the of 
Steam entires fi\ -general, he ™ 

than in to the diffeiicp^ 

temp«mawr.to%eylte^ 'AndTrom’ tle^ 


JiOt in Soiling Water upon the\\ Hmi y thd 
^^unfainsp Mrved by De Luc* i W ate r' in M . 


ov^^ that* of 


See that, by^trjjfog oithief 


fluids, feme may t>e iPound, not very eKjp^nuve; whofc 
vapour may be fo rtinch lb'onge;r than that of water, 
with the faracdcffree of heat',tbat:it*t»a^bc fublUtutecl 
Inftead of vVatcr intbie b0»b|n bjP'^tcain-eflgines, to the 
great fav^fh'fhr^ver^^^^ nuy,‘ 

he fvieii declares, thalb ^tWhe' itiVlf might thcia 
be f(n ployed In a machine of a particular conllru<ftion, 
wh^, with the fame quantity of fuel, and with- 
• OUt«^y inctcafe of expence in other things, fhall pro- 
ducjt’RB efl'cft greatly fupirrior to what k obtained from 
the ttcam bf water. He makes feveral other obferva’ 
ijoris on the ‘working and improvement of Stcaiu-p 

cugjfe^s. 

Another., of '*hcfc experiments, deduced by 
M/dBletancourt, is, to'tpcafurc the, height of moiiji- 
*‘tain8> by means of a thcrfnooietcr, immerfed in boiling 
water, whicli he thinks mayl)t done wifh a {a^ifion 
equal, if notfuperior, to that of the barometer. As 
fodn as 1 bad obtained exa<fit refults of my experiments, 
lays he, and was convinced that the degree of heat 
receifcd by water depends abfolutely on the preffurc 
upon ittf furface^ I endeavoured to compare my obferva- 
tioiis with fucb as have been made on mountains of 
different jicights, to know what is the degree of heat 
which water can receive when the barometer Ifands at 
a determinate heiglit \ but from fo few obforvations 
having b^n made of this kind, and the different ways 
employe ht graduating inftnimerfts, it is difficult to 
draw any certain confequcnccs from them. 

The firff obferyation which M. Betancourt compared 
with hls^experiraents, is one mentioned In the Memoirs of 
the Academy of Sciences, anno 1740, page 91. It is 
th^refatd|tj^kt M. Monnicr having made water boil upon 
the mounlajn^if Canlgou, where ^barometer ffood 
at 2b* 1 8 inijbes, the thermonaet^r immerfe^ Jn this 
water ftOod at»< i point anfwcnn|^ to 7 1 degrees of ReBu*^ 
mur: whereas m M. Betancour|’8 table of expcrimecit^’' 
at an equal prelfore upon the futfacc of the the 

thermometer ffoi^ at 73*7 degrees... •difference 

he thinks is owitig partly to the want of precifion in 
the obfervation^ and partly to jhe different method of 
graduating the th^mfwitif tei^ and. the ncgledf of purg- 
ing^ the barometeytuhe.of ^ ^ 

'<^c>mp« 4 rffc.i 8 oepeiiments with 
fomc haade by IV! * the tops of 

feveral whlitsb^^ tifter re<Miping thc fcalcs 

of thisgcntletnim wA^^ bmown, he 

finds a Very- war de^ee oPife<«»«dcnca mdccd. Tlie 
following tabje contairT|> fjfcrtncn of thefe compari* 

. fons, the inftances bcinj^ taken at random from De 
Luc^ treatife on the Modificaliooi of the Atrao- 
fphcrc* 


jKatof 



be^ritoun’s 

, th« air. 

the Bar, 

W^by'Fh. 

Expcriin, 



80 -^; 7 K 

\4. . 80*29 



79 . 3 ^ 



14-510 

77-11 

"/7 4^ 


24*:«45 

77-i« 

77‘H 



76 - 76 . 

1 77’C9 , 

loj: 

20-427 

■ 73‘»6.- 

‘ vv'^y , 


‘9^7^. 

1 7»’5« 

A'' 

73’-'4 1 


Grange 'town 
Lana^e Bourg 
Grange lo F. 
Gfenal/flin 


W I -i » reraarksibiei thitt \ ikt ' dHfe re nqe be t v\ ci u 
the two .AO cd^niequenct in fuch matters. 

'• '^arfy' other advantages might be deduced from tli^ 
exact knowledge of the effedt which the preffurc of the 
atmofphere he.8 upon the heat which water can recciM • 
one of wltlcli, M. Betancourt obferves, is of too gieat 
importance in pltyfics not to be mentioned. As foi p 
as the thermometer became known to philofoplieis 
ahuoff every tndeavou^ to find out two li\ui 
points to dirM tfiemin dividing the fcale of theinllni' 
ment; Iwvir}^ 'found tliat thofe of tile freezing aiul 
boiling of water were nearly conftant in different 
places, they gave ihefc the preference over all otherr^ ; 
but having difeovered that water is capable of u- 
cel\ing a greater or lefs quantity (/ heat, according 
tnihe prtfiureof the aimofphere upon its furfaec, they 
felt the ueceflity of fixing a certain conffant value to 
that prclfufc* which it W^ alpioll generally agreed 
fiiould be equal to a column of 28 French inches of 
met gory. This agreement however did not remove all 
the difficulties. For ini^isnee, if it were reqniretl to 
conffiuc^ at Madnd a therbvomcter that might be com- 
parable with another made ‘^at Paris, the thing would 
be found impoffiblc by the means hitherto known, bc- 
caufe the barometer never rifes fo high as 27 inches at 
Madrid ; and it was not certainly known liow nuieli 
the fcale of the thenaimrcter ought to be incie.ifed to 
liave the point of boiling wafer in a place wfieie the 
barometer is at 28 inchrs, BiVtbj making ufe of the 
foregoing obfevvations, the thtfig' appears vciy eaiv, 
and' it is to be hoped that the general knowledge 
pf tjiem, thermometcis may be brought to gieat pei • 
fe^ion, *the accurate ufe of which i| of the grcaicll 
importance in phyfics. . 

Befides, without being confined to tfie height ol 
the barometer in the ojjen a given place, wc 

may regulate '^thermbffi^er according to any one at- 
fi^ned heat of ''Water, by meahKof fu^'an apparatus 
as M. Betane^rt^s. For, irf'^'brder to graduate a 
thermometer, >8avkg a barometer ready divided ; it is 
cvident tKitt ^ foregoiag table of 

of heat anfwermg to any one 
thence ^ffign the degree of the 
thtrmoJtttler Cormpl'fiding to a certaifl height of the 
baromctcly . adipi^fog 

fio^, where the 

that of* 4 he'a»cri*»wfci&. 
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